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ABSTRACT  

 

Blind source separation, from mixed observations of signals, to the original signals, has a wide range 

of applications, such as signal and image processing, medical applications (e.g. separation of mixed 

EEG signals). BSS problems in mechanical engineering, include the recording of combinations of 

signals coming from damages on mechanical elements and blind separation of those signals, so that 

each signal is separated to the original source signal, and the source that causes the creation of each 

signal can be traced. 

This master thesis studies the problem of blind source separation of mixed signals coming from ball 

bearings with different damages (damages in the outer or inner ring). The reason for the blind source 

separation of sources comes from the desire to separate a combination of signals to the original signals, 

without having any knowledge about the original sources, and moreover after the separation to have 

the ability to trace each source from which each separated signal is coming. 

Initially, chapter 1 makes an introduction to the blind source separation of sources. Chapters 2 to 5, 

contain a bibliographic report to the blind source separation algorithms (Infomax, ICA Fixed Point, 

PearsonICA and Parra Temporal Predictability) that are used in the current study. 

Chapter 6 contains the computational simulations, from the creation of the simulated signals, to the 

blind separation of the mixed observation signals and the extraction of the results. 

Chapter 7 presents the experimental application, with the experimental arrangements, the results and 

the conclusions of experimental measurements, with the use of the separation algorithms mentioned 

above. 

In Chapter 8, the experimental application (arrangements, measurements etc) is computationally 

simulated, in order to see if the experimental results are similar to those results coming from the 

simulation of the experimental measurements. 

Finally Chapter 9 gives directions and suggests topics for future research. 
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�), ,- 21/��!*1� � ��),%*0�*� /�� ��#�%*�  ,% ��+� ,"  �"  �1 �� %(��/!" +,% �)��*0�", ��.�� 

 �� ��#�/� �� 1/&)#*�  �" 1%(�)�* 01" +,% *1 ,)�*+��� # ,+� ���  � �,!�1�#  ,%" /��  � *%+�,�! 

 ,%" * �� 1/�'��*�  �" 1)��*0�". 

�)(�/#, �� !�1�� �� 1%(�)�* .  ,� ������ ! �). �� ���#$� ��#��� ���  �� ��#�1*�  ,% ��+� ,", 

���# /�� ���  �� #4,�� *%�1)��*0� �,% 10(�+1 /��5 '��  � $�#)/1�� 1/�'��*�"  �" 1)��*0�". 

��0*�", �� !�1�� �� 1%(�)�* !*�  � +��� �.�.�.�  ,% 1)��* �)0,% �%��+�/!" /�� �� �*/1%.�, �). 

���/'�,%�, �)!* , /�� �). 
1�1 *�#�, ��+! )�,, ���  �" *%+�,%��",  �� /��,$!��*� /��  � 

*%�,��/! �,!�1�� �,% +,% �)'*&1)�� *1 '��  � * #$�� 1/�'��*�"  �" 1)��*0�". 

�/'+�, �� !�1�� �� 1%(�)�* !*�  ,� %�,4!&�, ��$#/ ,)� �,$'�,%�, ���* �� 0�,, ���  � 

*%�1�*&,)# /��  �� �,�- �+� �,!�1��  ,% *1 '��  � * #$��  ,% �1�)�+� �/,- +�),%"  �" 1)��*0�", 

��'  �� 1�/� #* �*�  �� �1�)�+� �/.� $�� #21�� +�()� /��  ��  1��/! 12����!  �� �1�)�+� �/.� 

��, 1�1*+# ��. 

���,", �� !�1�� �� 1%(�)�* !*�  �� ,�/,���1�# +,% �,% +1 * !)�21 /�� *1 �% ! +,%  �� �),*�#�1�� 

 '*, ���/# '*, /�� ,�/,�,+�/#, /�� *%�1(031� �� +1 * �)031�. 
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)"/+%+$0 1 
*-/%0  �$+12#$ �0  !&324 
 

1.1 "�����
 
 
O  %&�'" $��(�)�*+'" ���.� ! *�+# �� (blind source separation ! blind signal separation BSS) 

/��-� 1� +0� 1%)10� �1)�,(! �),���+# �� '��" � 1�121)��*0� *!+� ," /�� 1�/'���. 	 � +��,$, 

BSS,  � *!+� � +0�" ,+#$�" N ����0�� *�+# �� � � � � � �� �ts,...,ts,ts N21�s  *%�$%#3,� ��-

���+1���-,� �� (mixed) +1 �2-  ,%" +1 ()!*� 1�'" #���* ,% *%�$%�*+��,% �0��/� (mixing matrix) 

A , ��)#�,� �" +0� ,+#$� ��' ��)� �),-+1�� *%�$%�*+��� *!+� � � � � � � �� �t,...,xt,xtx N11�x . 

	/,�'"  �" BSS 10��� � ��#/ �*� ����0�� *�+# �� S , �(,� �" ���* # +'�,  � ��)� �),-+1�� 

*%�$%�*+��� *!+� � (observed signals) x  /�� (�)0" �� %�#)(1� /#�,�� ��.*� (! �� %�#)(1� 

1�#(�* � ��.*�)  �� ����0�� *�+# �� s /��  ,% *%�$%�*+��,% �0��/� A . 

Asx �                   (1.1) 

 

	1 �,���" �1)�� .*1�" '�,% %�#)(1� �')%�," * � *(�*� (1.1) �)��1� �� �),* 1�10 /�� ���" �/'+� 

�0��/�" �,% �� �����)�* #  ,� �')%�, /�� #��,% 10$,%" *&#�+� �. 6 *� * �� �1)0� �*� �,% 

%�#)(1� �')%�," � *(�*� (1.1) �)#&1 �� �": 

VAsx ��       (1.2) 

 

� BSS ��� �� +�,)�*1� �� /#�1�  , $��(�)�*+'  �� *%�$%�*+���� *�+# �� * � �)(�/# ����0� 

*!+� �, �)��1� �� �)1� ����  1 )�����/' �0��/� W . � �0��/�" W  ��, 1�10 * �� �)��+� �/' � � 

+0� �� �+1 #�1*� (permutation) /�� �����! * �� /�0+�/�  ,% �� 0* ),&,%  ,% #���* ,% 

*%�$%�*+��,% �0��/� A . 

�, *(!+� 1.1 �����)�* # *(�+� �/#  � +��,$, BSS ��� 5 *%�$%�*+��� *!+� �. 

 

 
 �
�� 1.1 BSS ��� 5 *%�$%�*+��� *!+� � 

 

 

�&,- �(1� �)1�10 /�� , �0��/�" W , +�,)10 �� %�,�,��* 10  , $�#�%*+�  �� $��(�)�*+���� *�+# �� 

� � � � � �� �tu,...,tu,tu n21�u  , *-+&��� +1  �� �/'�,%�� *(�*�: 
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Wxu �       (1.3) 

 

�, $�#�%*+� u  �� �1)��(1�  �" *%��* .*1" ($���$!  � �)(�/# ����0� *!+� �), � *� .* 1 � 

/��,��/' � �  ,% /��1�'" ��'  � *!+� � �� �(1� +1��* ,�,���10 /�� � /��,��/' � � +1 �2-  �� 

*�+# �� �� �(1� +1��* ,�,���10 ($���$! �(1� +1��* ,�,���10 � * � �* �/! ��12�) �*0�  �� 

*%��* �*.�  ,% $���-*+� ," u ). 


�*�/! �),8�'�1*�  �" +1�'$,% BSS 10���  � ����0� *!+� � � � � � � �ts,...,ts,ts N21 , $1 �)��1� �� 

*%*(1 03,� �� +1 �2-  ,%". �% ' *�+�0�1� ' �  � ����0� *!+� � �� 10��� �+,���0� * � �* �/# 

��12#) � � ! �� �(,%� ��,-*%*(1 �* 10. ��0*�" , �)��+'"  �� ��*�� !)��� ,)�#��� �,% 

/� ��)#&,%�  � ��)� �),-+1�� *%�$%�*+��� *!+� � �)��1� �� 10���  ,%�#(�* ,� 0*," +1  , ��!�," 

 �� ����0�� *�+# �� 

	 � *%��(1�� �/,�,%�10 +0� ����% �/! �����)#* �*� /�� +���+� �/! +,� 1�,�,0�*�  ,% +,� ��,% 

BSS. 	 � *(!+� � �,% �/,�,%�,-� ��),%*�#31 �� ��� �1��/' +,� ��, �����)#* �*�"  �" +1�'$,% 

BSS /��  , �1� ,+1)�" *(�+� �/' $�#�)�++� �����)#* �*�"  ,% �)�++�/,-  %&�,- $��(�)�*+,- 

���.�. 

 

 

 

 
 �
�� 1.2 �1��/' +,� ��, �����)#* �*�"  �" BSS 
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 �
�� 1.3 	(�+� �/' $�#�)�++� �����)#* �*�"  �" �)�++�/!" BSS 

 

 

6�� �1��/' �)'���+�  %&�,- $��(�)�*+,- ���.� ��),%*�#31 �� * , *(!+� 1.2. � $��$�/�*0� �,% 

��+�#�1� (.)� 10��� � �/'�,%��: 

�)(�/# �0�1 �� ��)� !)�*�  �� *�+# �� ��'  � ��*�� !)�� ')���� � � � � � � � �� �Tm kxkxkxk ,...,,x 21�  

('�,% k $��/)� '" ()'�," /��  , � �T.  $��.�1�  , transpose  ,% $���-*+� ,"), ��' ��� #���* , 

*-* �+� *%�$%�*+,- /�� &�� )�)0*+� ," �,�����.� 1�*'$�� /�� 12'$�� (MIMO). � * '(," 10��� � 

1-)1*� 1�'" �� 0* ),&,% *%* !+� ,", 1#� �% ' %�#)(1�, .* 1 �� �0�1� � 1/ 0+�*�  �� �)(�/.� 

����0�� *�+# �� � � � � � � � �� �Tn ksksksk ,...,,s 21�  ! ,)�*+���� ��' �% # �,% �(,%� *%�/1/)�+��1" 

�$�' � 1". � 1/ 0+�*� �% ! �0�1 �� +1 �#*�  �� ��)� �),-+1��� *�+# �� � �kx  /��  �� *�+# �� 

12'$,% � � � � � � � �� �Tm kykykyk ,...,,y 21� .  

�), �+# ��, , �� 0* ),&," �0��/�" (unmixing matrix) �� �(1� ��� 10$," �),*�)+,* �/' � �", +1 

 � ,�,  )'�, .* 1 �� �(1� �/��' � 1" 1� ,��*+,- /#�,��� ��*�/.� (�)�/ �)�* �/.�  �� ����0�� 

*�+# ��, ��� +1 �����'+1�� (+� * ��1)#) �1)��#��,� �. �� 0 �� �0�1 �� #+1*," %�,�,��*+'"  �� 

����0�� *�+# ��, 10��� +1)�/�" &,)�" ��, �,��/' �� �0�1� �����.)�*�  ,% #���* ,% �0��/� 

*%�$%�*+,- (mixing matrix) /�� 1�'" *%* !+� ," &�� )�)0*+� ," (�% ' �0�1 �� * �� �1)0� �*� �,% 

 , �� 0* ),&, *-* �+� $1� %�#)(1�, /%)0�" ' ��  , *-* �+� 10��� %�1)��!)1", +1  ,� �)��+'  �� 

��)� �)!*1�� �� ���' 1)," ��'  , ��!�,"  �� ����0�� *�+# ��, $���$! m<n) /�� * � *%��(1�� �� 

%�,�,��* ,-�  � ����0� *!+� �, +1 ()!*� /#�,��" 1/  �� �), �)�� ��.*�"  ,% *%�$%�*+��,% 

*%* !+� ," /�� +1 1&�)+,�! /#�,��" /� #�����" $��$�/�*0�" �1� �* ,�,0�*�". 

7�0�1 �� *�� �� %�#)(1� /# � +���/' *(1 �/# +1  ,�  %&�' $��(�)�*+' ���.�. �� �)(�/# ����0� 

*!+� � %�,�,�03,� �� (�)0" �� %�#)(1� ��.*�  �� ��)�+� )��  �� $��$�/�*�.� *%�$%�*+,- 

(mixing) /�� &�� )�)0*+� ,". �0��� $-*/,�, �� �1�)��10 ' � +�,)10 /#�,�," �� %�,�,�0*1� '��  � 
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��)��#��. 	 �� �)��+� �/' � �, '+�", (�)0" �� %�#)(1� /#�,�� 1/  �� �), �)�� ��.*�, $1� 10��� 

�$-�� , �� �0�1� %�,�,��*+'"  �� �)(�/.� ����0�� *�+# �� +1 �% '�  ,�  )'�,. ��)'�� �% #, , 

%�,�,��*+'" �% '", +�,)10 �� �0�1� +�()� /�� /#�,�1" *%�/1/)�+��1" �,)�* 01" (indeterminacies). 	1 

+���+� �/,-" '),%" �% �" ,� �,)�* 01" /�� �+&��,�01" +�,),-� �� 1/&)�* ,-� �" �%��0)1 � 

/�0+�/�, �� �+1 ���*1�" /�� /��%* 1)!*1�"  �� %�,�,��3'+1��� ����0�� *�+# ��. �% �" ,� 

�,)�* 01" $�� �),-� ��)'�� �% #,  �" /%+� ,+,)&�"  �� �)(�/.� *�+# ��. ��)#  , �1�,�'" ' � 

�% �" ,� �,)�* 01" &�0�1 �� �� ��, 1�,-� *,��),-" �1)�,)�*+,-", *1 ��� +1�#�, �)��+' 1&�)+,�.� 

�% ,0 ,� �1)�,)�*+,0 $1� 10��� *�+�� �/,0, +��" /�� � ��, �,�- *(1 �/! ���),&,)0� *(1 �/# +1  � 

����0� *!+� �, �)0*/1 �� * �" (),��/�" /%+� ,+,)&�"  �� ����0�� *�+# �� /�� *%�!��" '(� * � 

��# �  ,%". ��)'�� �% #, ��� /#�,�� $%��+�/# +,� ���, $1� %�#)(,%� 1��%!*1�" ' �  � 

%�,�,��3'+1�� ! 12��'+1�� *!+� � �� �(,%� �/)��."  �" 0$�1" /%+� ,+,)&�" +1  � ����0� *!+� �, 

/�� � *� ,� ���� !*1�" �� �)��1� �� (���).*,%� �1)�� �)� *1  � ,�, ���+' .* 1 ,� 12��'+1�1" 

/%+� ,+,)&�" ��, 1�,-� “$�1* )�++��1"” (�.(. �(,%� &�� )�)�* 10) 1/$,(�"  �� �)(�/.� ����0�� 

*�+# �� (*(!+� 1.2). 

�� $��$�/�*01"  ,% *%�$%�*+,- /��  ,% &�� )�)0*+� ,"  �� #���* �� ���.�  �" 1�*'$,% (�)(�/# 

����0� *!+� �) js  +�,)10 �� �(,%� $��&,)1 �/# +���+� �/# ! &%*�/# +,� ���, ����'��"  �" 

1&�)+,�!". �� �1)�**' 1)� �)�++�/# +,� ��� BSS +1  �" ��, ����" +,)&�" +�,),-� �� 1/&)�* ,-� 

���1�)�/# �" /#�,�� *%�/1/)�+��� �),��!+� � ��)��,� ,�,0�*�" ���#/��. 

�,��� ," 1�'" �0��/� ��)� !)�*�" (*%(�# /��10 �� /�� �0��/�" ��*�� !)�� – sensor matrix) 

� � � � � �� � NmN ��	� x,...,x,xX 21 , , �0��/�" ��)��,� ,�,0�*�" �(1�  � +,)&!: 

VASX ��      (1.4)  

,'�,% N  , ��!�,"  �� $����*�+�� $1��+# ��, m , �)��+'"  �� ��)� �)!*1��, n  , ��!�,"  �� 

���.�, Nm��	A  , #���* ," �0��/�" �#*�", ! *%�$%�*+��," �0��/�" (mixing matrix), Nm��	V  

#���* ," �0��/�" �,% �����)�* #  , �')%�, /�� #��� *&#�+� � /�� 

� � � � � �� � NnN ��	� s,...,s,sS 21  , �0��/�" �,% �1)��(1�  �" (/)%&�") *%��* .*1" �,% *%�1�*&�),%� 

* � $���-*+� �  �" �#*�". 	%�!��" �% �" ,� /)%++��1" *%��* .*1" �����)�* ,-�  � #���* � 

����0� *!+� � +1 (�)�/ �)�* �/�" * � �* �/�" �$�' � 1". �� �0��/1" �(,%� *%�!��" 21/#��)� 

&%*�/! ���,��. ��� ��)#$1��+� ,� �)�++�"  ,% �0��/� S �,% �����)�* ,-�  �" ����", �� �)��1� �� 

'*,  , $%�� '� * � �* �/# �+,���0� ��12#) � 1" (���  �� ICA). 

�� /�� /#�,�,� $��(�)�*+,0 ! ��)��,� ,�,�!*1�" ���#/�� ��)�(,%� +0� �/)��!" ���/� �*/1%!  �� 

$1$,+���� ($���$! ASX � ), 1$. �� �1�)��,-� $��(�)�*+,0 �,% 10��� �),*1���* �/,0. 	 �� 

�)��+� �/' � �, �,��# �),��!+� � 1�121)��*0�" 1�/'��� /�� *�+# �� +�,),-� �� 1/&)�* ,-� +1 

 � ,�,%" '),%" ��)��,� ,�,0�*�" ���#/��. ���&,)1 �/�" *%��) !*1�" /'* ,%" /�� 1������'+1�,� 

�1)�,)�*+,0  +�,)10 �� ,$��!*,%� *1 $��&,)1 �/,-"  -�,%" ��)��,� ,�,0�*�" ���#/��. 	1 �,���" 

1&�)+,��" 1�121)��*0�" *!+� ,", , �0��/�" $1$,+���� � � � � � �� �Nx,...,x,xX 21�  �����)0* � �� 

��' $���-*+� �  �" +,)&!" � � � �,...,N,k   k 21�,x  ��� +0� ,+#$� ��' $��/)� .� (),��/# 

* ��+�' %��� ('��" �,������" +1 )!*1�" ! /� ��)�&�"), /�� � *� � *(�*� (1.4) +�,)10 �� �)�&10 +1 

 � +,)&! $���%*+# ��  �" ��� *-* �+� ��' �)�++�/�" 12�*.*1�": 
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� � � � � � � �,...,N,k,    kkk 21��� �Asx    (1.5) 

,'�,% � � � � � � � �� �Tm k,...,xk,xkxk 21�x   , $�#�%*+�  �� ��)� �),-+1��� *�+# �� * , $��/)� ' 

(),��/' * ��+�' %�, k, /�� � � � � � � � �� �Tn k,...,sk,sksk 21�s   , $�#�%*+�  �� *%��* �*.� * , 0$�, 

(),��/' * ��+�' %�,. 

�� ��)��#�� $�� %��+��� �),��!+� � 10��� *(1 �/# /,� # +1  , �� 0* ),&, �)�++�/' �)'���+� ! 

��, �1��/# +1  �� 1�0�%*� 1�'" +1�#�,% ill-conditioned *%* !+� ," �)�++�/.� 12�*.*1��, '�,% 

10��� ���)�0 � ," , %�,�,��*+'" �2�'��* �� $���%*+# �� � �ks  /�� *1 ,)�*+��1" �1)�� .*1�" �� 

������)�* 10 ���" �0��/�" A ��� $1$,+��� +1 �')%�,. �� ,�� *%* !+� � 12�*.*1�� 10��� *%(�# 

+,�%*+��� ��' �')%�, ! *&#�+� �, /�� ���)(1 ��  , �)'���+� 1-)1*�" +0�" ��� �* �", $%��+�/!", 

*%+�1)���+���,+��,%  ,% �,)-�,%, 1�0�%*�" . 

�1��/�"  #21�" 12����!" *%+�1)�*+# ��, ���/� �*/1%!", 1/ 0+�*�", �),*����*�", ��)1+�,�!" /�� 

�� 0* ),&� �),��!+� � +�,),-� �� +1 � )��,-� *1 �),��!+� � 1�#(�* �" �')+�" ���  �� 1�0�%*� 

%�,-/��,)�3'+1��� *%* �+# ��  +1 �)�++�/�" 12�*.*1�"  �" +,)&!"  �" *(�*�" (1.5) ��� m<n 

($���$! , �)��+'"  �� ��)� �)!*1�� �� 10��� +�/)' 1),"  ,% ��!�,%"  �� ���.�). 

�1��/# +��.� �", *1 1&�)+,��" 1�121)��*0�" *!+� ,"  , %�1)-/��,)�*+��, *-* �+� ('�,% m>n) 

�)�++�/.� 12�*.*1��  �" +,)&!"  �" *(�*�" (1.5) �1)��)#&1� &�� )#)�*+�, 1�0*(%*� /�� 

�),��!+� � �����.)�*�", 1�.  , %�,-/��,)�*+��, *-* �+� �1)��)#&1� �� 0* ),&� �),��!+� � /�� 

�),��!+� � 12����!" *%+�1)�*+# ��. 

	1 �1��/�" �)�++�",  , ��!�," n  �� ����0�� *�+# �� $1� 10��� ���* '. �1�)10 �� ' � +'�,  , 

$�#�%*+�  �� ��)� �)!*1�� � �kx  10��� $����*�+, /�� 10��� ���)�0 � , �� *(1$��* 10 ��� �),"  � 

1+�)'"  ),&,$, ,-+1�, ! 1������+���'+1�, �1%)���/' $0/ %, /�� ���" *%�1 ��)�*+��," 

�),*�)+,* �/'" ���')��+," 1/+#��*�" �,% �� /���* # $%�� !  �� 1/ 0+�*�  �� ���.�,  �� 

�����.)�*�  ,% *%�$%�*+��,% �0��/� A /��/!  ,% �0��/� $��(�)�*+,- W +1 /���" $%�� ' � 1" 

1� ,��*+,-.  

	%(�# � BSS 12�*&��031 �� +1  �� 1-)1*� 1�'" mn� , full rank, �0��/� �)�++�/,- +1 �*(�+� �*+,- 

($��(�)�*+,-) �� AW
�

, '�,% �A  ��, 1�10 ���" /��# ,)�*+��," 41%$'-�� 0* ),&," �0��/�"  ,% 

�0��/� A,  � ,�," .* 1  , $�#�%*+�  ,% *!+� ,"  �" 12'$,% � �Tnyyy ,...,,y 21�  �,% �),/-� 1� ��' 

 � *(�*�: 

Wxy �       (1.6)  

,�� �1)��(1� *%��* .*1", ,� ,�,01" 10��� '*,  , $%�� '� ��12#) � 1", /��." �(,%� +1 )��10 ��' +0� 

*%�#) �*� /'* ,%" '��" � $��&,)#-��'/��*�  �� Kullback-Leibler ! #��� /)� !)�� '��" �)�++�/! 

�),��14�+' � �. 

�#)(,%� $�#&,)1" +��,$,� �,% +�,),-� �� %�,�,�!*,%�  ��  1(��/!  ,%  %&�,- $��(�)�*+,- 

���.�: 


 Principal Component Analysis (PCA) 


 Independent Component Analysis (ICA) 


 Dependent Component Analysis 
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 Non-negative Matrix Factorization (NMF) 


 Sparse Component analysis (SCA) 


 Singular Value Decomposition (SVD) 

 

�� ���')��+,� BSS, '��" ,�  1(��/�" ICA, SCA /��, �1�),-� �� *%(�# �" /���)�" +���+� �/�" 

$�� %�.*1�" ��)# �" +�(���/�" $��$�/�*01". �#)(1� � 41%$�0*��*� ' � $1� ()1�#3,� �� �� �0�,%� 

/�� �,��# ��' ��1%)#"  ,% ()!* � ��'  � * ��+! �,% �(,%� '�� %�,�,���10 +1  , ��� �* ,  )'�,. 

	 �� �)��+� �/' � �, � 1�� %(0� /�� � ��,$, �/' � �  � ,��� 1)���10��  12�) # �� *1 +1�#�, 

���+' �#�� *1 /#�,�1" 1/  �� �), �)�� ��.*1�", * �� ���! �,��/! /�� * � /� #����� ()!*�  �� 

1)���10�� �),1�121)��*0�" /�� +1 #-1�121)��*0�". �1 #��� �'���, * � * #$��  �" �),1�121)��*0�" 

 �� $1$,+���� /��  �" +1 #-1�121)��*0�"  �� +,� ���� 10��� ����/�0� � ��.*�  ,% ()!* � .* 1 �� 

12�(�,-� *%��* .*1" �2�'��* 1", ��/%)1" /�� �� �(,%� /#�,�� &%*�,�,��/! *�+�*0� ($���$! ,� 

12��'+1�1" *%��* .*1" �� *%+&��,-� *1 �,��/' 1�0�1$, +1  � �)(�/# *!+� �). 

��  %��/# 1)���10� �),1�121)��*0�"  ,% *!+� ," �1)���+�#�,%�  �� ���,�,0�*�  ,% +,� ��,% 

(model reduction),  � �1-/��*�  �� $1$,+���� (whitening),  , &�� )#)�*+� (filtering),  , 

+1 �*(�+� �*+' Fast Fourier (FFT) /�� #���. 

�� 1)���10�  �" +1 #-1�121)��*0�" �1)���+�#�,%�:  , “21&,-*/�+�” (deflation) /��  �� 

���/� �*/1%! ($���$!  ,� /���)�*+')  �� �)(�/.� �/� �)��* �� $1$,+����, ��,+�/)-�,� �"  �" 

+� 1���%+� �" *%��* .*1", '��"  , �')%�,. 	 , *(!+� (1.4) ��),%*�#3,� ��  �  )0�  %��/# * #$�� 

 ,%  %&�,- $��(�)�*+,- ���.� +�30 +1  � �� 0* ,�(� 1)���10� �),1�121)��*0�" /�� +1 #-

1�121)��*0�"  �� *�+# ��. 

��)'�� �% #, �)��1� �� *�+1���10 ' �  � �)�++�/# *%�$%�*+��� +,� ��� �)��1� �� 10��� ��/%)� /�� 

 � �)(�/# ����0� *!+� � �)��1� �� �(,%� /��,)�*+��1" * � �* �/�" �$�' � 1". 

 

 

 

 �
�� 1.4 �)1�" �1+1��.$1�" $��$�/�*01" %�,�,�,-� �� /�� 1/+1 ���1-,� �� * �� BSS/ICA ���  ��,$, �/! 
��,*-��1*� /�� 12����!  �� *�+# ��. 
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)������� 2 
")*"*+�"40  +%30#$5�0  INFOMAX 
 

2.1 "�����
 

 

�, �)'���+�  �" blind source separation ( %&�'" $��(�)�*+'" ���.�), �(1� +1�1 ��10 ��' �,��,-" 

1)1%�� �" * � �1%)���/# $0/ %� /�� * �� 1�121)��*0� *!+� ,". � +��,$," blind source separation, 

+�*� ��'  �� ��12#) � � ��#�%*� *%��* �*.� (ICA), �(1� �#�1� �)/1 ! �),*,(!, �'��  ,% 

$%��+�/,-  �" *1 1&�)+,��" 1�121)��*0�" *!+� ,", '��" *%* !+� � 1+��,% �*+,- &��!", 

 ��1��/,����01" /�� 1�121)��*0� *�+# �� * �� �� )�/!. � * '(,"  �" ICA ��, 1�10 � ��#/ �*�  �� 

��12#) � �� ���.� +1 ()!*� +'�,  �� ��)� �)!*1�� ��*�� !)��� ,)�#���, ,� ,�,01" 10��� 

#���* ,� �)�++�/,0 *%�$%�*+,0  �� ��12#) � �� ����0�� *�+# �� �,% $1� �(,%� ��)� �)��10. 	1 

�� 0�1*� +1  ,%" +1 �*(�+� �*+,-" �,% ��*03,� �� *1 *%*(1 �*+,-" '��" � Principal Component 

Analysis (PCA), � ICA +1�.�1�  �" * � �* �/�" 12�) !*1�"  �� *�+# ��, �),*���.� �" �� /#�1�  � 

*!+� � '*, ��12#) � � �0�1 ��. 

�� Bell /�� Sejnowski ���� %2�� ���� +�-1�,� 1%'+1�, $�$�*/'+1�, ���')��+, �,% ��*031 �� * � 

+1��* ,�,0�*�  �" 1� ),�0�" *1 ��� ���!" * ).*�" +1 ��#$)�*� �),"  � 1+�)'" �1%)���/' $0/ %,. 

� ���')��+," 10��� ��, 1�1*+� �/'" * , $��(�)�*+' ���.� �,% �(,%� super-Gaussian /� ��,+�", 

$���$! �����, �/�" *%��) !*1�" �%/�' � �" (probability density functions PDF) +1 �,�- ��(+�)�" 

/,)%&�", +1 “��)��" ,%)�"”. ��)'�� �% #, , �)� ' %�," ���')��+," Infomax  �� Bell /�� 

Sejnowski, ��, %�(#�1� �� $��(�)0*1� ����" ,� ,�,01" �(,%� �)�� �/! kurtosis ('��" ��� ��)#$1��+� 

,+,�'+,)&� /� ��,+!). �� Pearlmutter /�� Parra (1996) ���� %2�� ��� *%��&! ���')��+, ICA, +�*� 

* , ���0*�,  �" 1/ 0+�*�" +���* �" �����' � �" (Maximum Likelihood Estimation MLA), , ,�,0," 

10��� �/��'" �� $��(�)031� ��� �1��/1%+��, 1-)," /� ��,+.�  �� ���.�. 

	1 �% '  , /1&#���, /�� +1 /0�� ),  �� %�,�,��* �/! ���' � �, �0�1 �� ()!*� 1�'" information-

theoretic ���')��+,%, , ,�,0," $�� �)10  �� ���! �)(� 1/ ,��/!  ,% �)(�/,- ���,)0�+,% Infomax /�� 

1�� )��1�  �� 1��/ �*� * , $��(�)�*+' *%�$%�*+.� ��' super-Gaussian /�� sub-Gaussian ����". � 

Girolami (1997) ��)!���1  ,�  -�,  ,% /��'�� 1/+#��*�" %�'  � */,��#  �" +1��* ,�,0�*�"  �" 

negentropy (� +1��* ,�,0�*�  �" negentropy ���&�)1 �� * � +1��* ,�,0�*�  ,% ��),0*+� ,"  �� 

,)��/.� negentropies), ���  �" +1�'$,%" 121)1%�� �/! projection pursuit (EPP) /�� ICA. 

� 1/ 1 �+��," ���')��+," Infomax $�� �)10  �� ���' � � �,% 1�*!����� ,� Bell /�� Sejnowski, /�� 

, /��'��" 1/+#��*�" *%�/�0�1� +1  , &%*�/' ���+� ' $�#�%*+�  ,% Amari. 

	1 %�,�,��* �/�" �),*,+,�.*1�", ��)� �)!��/1 ' � , 1/ 1 �+��," Infomax /� #&1)1 �� $��(�)0*1� 

+1 1�� %(0� 20 +1�/ # *!+� �  �� �/'�,%��� ���.�: 10  +!+� � !(,%  ���0�", 6 *!+� � &��!" /�� 

!(,% (�,% ()�*�+,�,0�*�� ,� Bell /�� Sejnowski * ,� �)(�/' Infomax), 3 ,+,�'+,)&� /� ��1+�+��� 

sub-Gaussian *!+� � �,)-�,%, /�� ��� *!+� ����0,% �,)-�,% +1 Gaussian /� ��,+!. 

9��� 1&�)+,�!, +1 �,�- 1�$��&�),� � /�� �)��+� �/!" &-*�" $1$,+���, �&,)# �1�)#+� � +1 

/� ��)�&�" EEG (/� ��)�&�" 1�/1&���/!" $)�* �)�' � �"), * � ,�,0� , 1/ 1 �+��," Infomax 

/� #&1)1 �� 21(�)0*1� 21/#��)� ��1/ )�/# *!+� � ��'  �� 1�/1&���/! $)�* �)�' � �. 
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	 � 1�' � � 3.2, $0�1 �� � �1)��)�&!  ,% 1/ 1 �+��,% ���')��+,% Infomax, /�� ��),%*�#31 �� , 

���'" �1��/'" /��'��" 1/+#��*�", , ,�,0," +�,)10 �� $��(�)0*1� sub-Gaussian /�� super-Gaussian 

����". 	 �� 1�' � � 3.3 $0�1 �� ��)#$1��+� %�,�,��* �/!" �),*,+,0�*�" $��(�)�*+,- 20 +1�/ .� 

*�+# �� /�� *-�/)�*�  �� ��, 1�1*+# �� $��(�)�*+,- +1 �2-  ,% �)� ' %�,% Infomax /��  ,% 

1/ 1 �+��,% Infomax. ���," * �� 1�' � � 3.4 ���&�),� �� ,)�*+��,� �1)�,)�*+,0  ,% 1/ 1 �+��,% 

Infomax. 

 

2.2 0 �	��������� ������,��� Infomax 

 

6* � ��� M-$�#* � , $�#�%*+� � � � � � �� �TM1 ts,...,tst �s ,  � ,�, .* 1 ,� *%��* .*1"  ,% � �tsi  �� 

10��� �+,���0� ��12#) � 1". �, $�#�%*+� � �ts  �� �* ,�(10 * � M ��12#) � � /�� ���+� .�  �+.� 

����0� *!+� � � �tis . �, �,�%+1 ���� ' pdf  ,% $���-*+� ," +�,)10 �� �)�&10 �"  , ��)#���,  �� 

,)��/.� ��12#) � �� /� ��,+.�, *-+&��� +1  �� �/'�,%�� *(�*�: 

� � � ��
�

�
M

1i
ii spp s      (2.1) 

	1 /#�1 (),��/' *�+10, t ��)� �)10 �� ��� $�#�%*+� $1$,+���� � � � � � �� �TN1 tx,...,txt �x ,  � ,�, .* 1 

�� �*(-1� � *(�*�: 

� � � �tt Asx �       (2.2)  

'�,% A, 10��� ���" ��!)�" ��1� %�+��," MN�  �)�++�/'" �0��/�". ���." ,� *%��* .*1"  �� 

��)� �),-+1��� $���%*+# �� $1� 10��� ���,� ��12#) � 1" (�'��  �" 2.2),  , �,�%+1 ���� ' pdf $1 

�� �/��,�,�10  �� �*' � � +1  , ��)#���, pdf. 	 � +1�� � �% !, �1�)10 �� ' � , �)��+'"  �� ���.� 

10��� 0*," +1  ,� �)��+'  �� ��*�� !)��� ,)�#���, MN � . �#� ,� *%��* .*1"  ,% � �ts , 10��� 

 � ,�1" .* 1  , �,�- +0� ���! �(1� /� ��1+��10 /��,��/#,  ' 1 10��� 1&�/ ' �� 12�(�,-� ,� ����" 

� �ts  ��'  � ��+���'+1�,%" *%�$%�*+,-" � �tx . � �+,���0� ���),&,)0�  ,% ��)� �),-+1�,% 

$���-*+� ," $0�1 �� ��'  �� ��'/��*�  (Kullback-Leibler, KL 1994)  �" �,�%+1 ���� !" �%/�' � �" 

��'  , ��)#���,  �� ,)��/.� (�+1 #��� ��) �%/�, ! ��, *-+&��� +1  �� �/'�,%�� *(�*�: 

� � � � � �
� � N21N

1i ii

N21
N21N21 dx...dxdx

xp

x,...,x,x
x,...,x,xp...x,...,x,xI

����
�

�

�

�

�

�

�
� log     (2.3) 

��� �'�,%" *%� '+1%*�", � *(�*� (2.3) �)#&1 �� �": 

� � � � � �
� �� � �

� x
x

xx d
xp

p
pI N

1i ii

log    (2.4) 

� �+,���0� ���),&,)0� �� 10��� �#� � �1 �/! /�� �� �*,- �� +1  , +�$�� +'�, * � �1)0� �*� '�,% 

,� *%��* .*1" 10��� ��12#) � 1". 

� */,�'"  �" ICA 10��� �� �)1�10 +0� �)�++�/! (�) ,�)#&�*� W ,  � ,�� .* 1  � $��(�)�*+��� 

(unmixed) *!+� �, �� 10��� * � �* �/# ��12#) � �: 

� � � � � �ttt WAsWxu ��     (2.5) 
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�#)(,%� �,��,0  )'�,� ���  � +#��*�  ,% W . 6��" ��' �% ,-" 10��� � 1��(�* ,�,0�*�  ,% 

���+,- ��12�) �*0�" +1 �2-  �� 12'$��, +1 ()!*� *%��) !*1�� $��&,)#" (contrast functions) �,% 

�(,%� �),*1���* 10 +1 �#*�  �� 1��/ �*� Edgeworth �#�� * � KL ��'/��*�. �� * � �* �/# 

$1$,+��� %4��' 1)��  #21��, �),*1��03,� �� ��' ��),0*+� � +�()� 4�"  #2�". 

9��1" +��,$,� ���  � +#��*�  ,% W , ��*03,� �� * � 1��(�* ,�,0�*�  �" �+,���0�" ���),&,)0�" 

/�� +�,),-� �� ��)�(�,-� ��'  � �),*����*� infomax. �� Nadal /�� Parga (1994) �$1�2�� ' � * � 

�1)0� �*�  ,% (�+��,- �,)-�,%,  , +���* ,  �" �+,���0�" ���),&,)0�" +1 �2-  �" 1�*'$,% /��  �" 

12'$,% 1�'" �1%)���/,- 1�121)��* ! 1�#�1 �� ' � � /� ��,+!  �" 12'$,% 10��� ��)��,� �/!. �� Bell 

/�� Sejnowski ��)!����� * ,(�* �/,-" ���+� ,-" /��'�1" 1/+#��*�" ��� �% !  � +1��* ,�,0�*� 

/��  ,%" 1&#)+,*�� *1 1&�)+,��" �)'��14�", ��#�%*�" (),��/.� �/,�,%��.� /�� * ,  %&�' 

$��(�)�*+' ���.�. 

 

2.2.1 .��� ����� ���� ����	�� 	������ �	��,��� 

 

� ���')��+,"  1/+#��*�" +�,)10 �� ��)�(�10 +1 ()!*�  �" $�� -��*�"  �" +���* �" �����' � �" 

(maximum likelihood formulation). � �),*����*� MLE ���  ,  %&�' $��(�)�*+'  �� ���.� 

�), #��/1 �)(�/# ��'  ,%" Gaeta /�� Lacoume (1990). 

� *%�#) �*� �%/�' � �" �����' � �" (pdf)  �� ��)� �)!*1�� x , +�,)10 �� 1/&)�* 10 ��'  �� 

�/'�,%�� *(�*�: 

� � � � � �uWx pp det�       (2.6) 

'�,% � � � �� �
�

N

1i ii upp u  10��� � %�, ���+1�� /� ��,+!  ,% � �sp . � �,��)��+�/! �����' � �, log-

likelihood,  �" *(�*�" (2.6) $0�1 �� ��'  ,�  -�,: 

� � � � � ��
�

��
N

1i
ii up,L logdetlog WWu      (2.7) 

�1��* ,�,�.� �"  � log-likelihood *1 *(�*� +1  , W , ��+�#�1 �� , ���')��+," 1/+#��*�" ���  , 

W  (Bell /�� Sejnowski, 1995), , ,�,0," $0�1 �� ��'  � *(�*�: 

� � � �� �T1T � xuWW ��
�

�      (2.8)  

 

, '�,% 

� �
� �

� �

� �

� �

� �

� �
�
�
�
�

�

�

�
�
�
�

�

�

�����
n

n

n

1

1

1

p

�

�p

,...,
p

�

�p

p
�

�p

�
u
u
u

u
u
u

u
u
u

u    (2.9) 

6��" ��, 1�1*+� �/'"  )'�," +1��* ,�,0�*�"  �" log-likelihood 10��� �� �/,�,%���10  , &%*�/' 

���+� ' $�#�%*+� (Amari 1998): 

� � � �� �WuuIWW
W

Wu
W TT

�

,�L
� ����                    (2.10) 
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�$.  , WWT , 2���& �#(�1� *1 +�/)' 1)� /�0+�/�  , ���+� ' $�#�%*+�, ���,�,�10  ,� /��'�� 

1/+#��*�"  �" *(�*�" (2.8) /�� 1�� �(-�1� �2�,*�+10� �  � *-�/��*�. 6(1� ��,$1�(�10 ' � , �1��/'" 

���')��+," 1/+#��*�"  �" *(�*�" (2.10) +�,)10 �� ��)�(�10 +1 $�#&,),%"  )'�,%", '��" � MLE, , 

infomax /�� � +1��* ,�,0�*�  �" negentropy. 

� 1/ 0+�*�  �" ��)�+1 )�/!" �%/�' � �" � �ii up  ��031� *�+�� �/' )'�, * �� 1�� %(0�  ,% /��'�� 

1/+#��*�" * �� 120*�*� (2.10). �  ,��/! *-�/��*� $��*&��031 �� 1#� � � �ii up  10���  , ��)#���, 

 �� �,��)��+�/.� �%/�, ! �� (log-densities)  �� ���.�. �#� 1���1�10 �" � �ugi  +0� logistic 

*%�#) �*�  �" +,)&!" � � � �ii utanhug � ,  � ,�� .* 1 � � � �uu tanh2� � ,  ' 1 , /��'��" 1/+#��*�" 

1��(�* ,�,�10 �� * ,� /��'��  �� Bell /�� Sejnowski +1  , &%*�/' ���+� ' $�#�%*+�: 

 

� �� �WuuIW Ttanh2� ��                         (3.11) 

 

�'*, �1�)� �/�" +1�� 1" '*, /�� 1+�1�)�/�" ��)� �)!*1�" �(,%� $1021� ' � �% '" , ���')��+," 

�1)�,)031 �� * , $��(�)�*+' ���.� +1 super-Gaussian /� ��,+�". � *��+,1�$!" *%�#) �*� �,% 

()�*�+,�,0�*�� ,� Bell /�� Sejnowski, ��)�(1� +0� 1/  �� �), �)�� ��.*� *(1 �/# +1  �� /� ��,+! 

 �� ���.�, $���$!  � super-Gaussian +,)&!  �� ���.�. ��)'�� �% #, +0��*�� /�� ��� +0� 

“1-/�+� �” *��+,1�$! *%�#) �*�, (+0� *��+,1�$! *%�#) �*� +1 ��)�+� ),%" p, r  � ,�1" .* 1 

� � � � � �� �� �� r
i

p
ii ug1ugug ), � ,�,0� +�,)10 �� ()�*�+,�,���10 ��� ��  ��)�#21�  �� /� ��,+!  �� 

���.�. � �$��  �" +,� 1�,�,0�*�" 1�'" ��)�+1 )�/,- +� �)�++�/,- +,� ��,%, +1�1 !��/1 /�� 

�1��/1- �/1 ��'  ,%" Pearlmutter /�� Parra (1996) * , *%��&! ���')��+, ICA (cICA). 

�,� 1�,�,0�*��  , pdf *1 ��)�+1 )�/! +,)&! ��+�#�,� �" %�'4�  � (),��/! ���),&,)0� /�� 

1�����,� �"  , � �ii up , �" ��� * ��+�/' #�),�*+� ��' $��&,)1 �/�" logistic *%��) !*1�" �%/�' � �", 

+1 +1 ���� �" means /�� /�0+�/1". 

�� Moulines et al. (1997) +,� 1�,�,0�*��  , %�,/10+1�, pdf +1 Gaussian *%�$%�*+,-" /�� �$1�2�� 

' � +�,),-� �� $��(�)0*,%� sub-Gaussian /�� super-Gaussian ����". �% �" ,� ��)�+1 )�/�" 

�),*1��0*1�" +,� 1�,�,0�*�", 10��� “�/)���"” %�,�,��* �/#. ����),*�� �" *1 1&�)+,��" '��" � 

EEG, � ()!*�  ,% cICA �$1�21 ' � +�,)10 , cICA �� ��, -(1� �� �)1�  �" ��12#) � 1" *%��* .*1", 

�1�,�'" �,% ,&10�1 �� * ,� �1)�,)�*+��, �)��+' /� ��1�)�++���� (),��/.� *�+10��, �,% 

/���* ,-� $-*/,��  �� �2�'��* � 1/ 0+�*�  �" �%/�' � �". 

 

2.2.2 )������ �	��,��� ��� �� ��������� sub-Gaussian 	�� super-Gaussian ����� 

 

� */,�'"  ,% 1/ 1 �+��,% ���')��+,% Infomax 10��� � ��),(! 1�'" ���,- /��'�� 1/+#��*�" +1 +0� 

* ��1)! +� �)�++�/' � �, , ,�,0," +�,)10 �� $��(�)0*1� ����" ��' +0� �,�/��0� /� ��,+.� 6��" 

 )'�," �1�0/1%*�"  ,% /��'�� 1/+#��*�" ��� ����" +1 sub-Gaussian ! super-Gaussian /� ��,+�" 

10��� � �),*����*�  ,% 1/ �+,-+1�,% pdf +1  �� 1��/ �*� Edgeworth !  �� 1��/ �*�  �� Gram-

Charlier, '��" �), 10�1 �� ��'  ,� Girolami (1997). � Girolami ()�*�+,�,�10 +0� ��)�+1 )�/! 
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1/ 0+�*�  �" �%/�' � �" ���  �� ��)����!  ,% 0$�,% /��'�� 1/+#��*�" (�)0" �� /#�1� /�+0� 

�),*����*�, '��" ��),%*�#31 �� ��)�/# �. 

�0� *%++1 )�/! /�� �%* �)# sub-Gaussian �%/�' � � +�,)10 �� +,� 1�,�,���10 +1 ()!*� +0�" 

*%++1 )�/!" +,)&!"  ,% *%�$%�*+��,% +,� ��,%  ,% Pearson (Pearson mixture model 1894), �" 

�/,�,-��": 

� � � � � �� �22 �,�N�,�N
2

1
up ���                                    (2.12) 

 

'�,% � �2�,�N  10��� � /��,��/! �%/�' � � +1 mean �  /�� $��/-+��*� 2� . �, *(!+� 2.1 $10(�1�  � 

+,)&!  �" �%/�' � �" � �up , ��� 1�2�  /�� /%+���'+1�, � �2...0� � . 

 

 

 
 �
�� 2.1 �/ �+.+1�� sub-Gaussian +,� ��� �%/�' � �" ���  ,� 1/ 1 �+��, infomax /��'�� 1/+#��*�" +1 

1�2�  /�� � �0...2�i� . � �%/�' � � �0�1 �� bimodal ($-, &#*1��), ' �� 1�i�  

 

��� 0�� ,  , � �up  10��� ��� Gaussian +,� ��,, 1�. ��� 5.1�i �   , � �up  �0�1 �� 21/#��)� 2 

&#*1�� (bimodal). 

� kurtosis 4k  (/��,��/,�,��+��� 4�"  #2�" *%**.)1%*�)  ,% � �up  $0�1 �� ��'  � *(�*�: 

� �222

4

2
2

4

��

�2
�

�

�
��

c

c
                        (2.13) 

 

'�,% ic , 10��� � i-,* !"  #2�" *%**.)1%*� (cumulant). 
�*�3'+1�� * �"  �+�"  �� �  /�� 2� , � 

kurtosis �)0*/1 �� +1 �2-  ��  �+.� -2 /�� 0. 6 *� � 120*�*�  �" *(�*�" (2.12) ,)031� +0� �%* �)." 

sub-Gaussian *%++1 )�/! �%/�' � �, ' �� 0�� . 

�)03,� �" �" 
2�

�
� �  /�� +1 1&�)+,�! * � *(�*� (2.12), +�,)10 �� �)�&10 ���  �� � �u�  * �� 

�/'�,%�� +,)&!: 
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� �
� �

� �
� � � �
� � � ��

�
�

�
��
�

�

��
��

����
auau

auau
a

�

u

up
�u

u�p

u�
2 expexp

expexp
                    (2.14) 

 

�)�*�+,�,�.� �"  ,� ,)�*+' ���  �� %�1)�,��/! 1&�� ,+��� � (2.14) �)#&1 �� �": 

� � �
�

�
�
�

��� u
�

�

�

�

�

u
u�

222
tanh                         (2.15) 

 

�� ,� �"  .)�, 1��  /�� 1�2�  � 120*�*� (2.15) 1��  .�1 �� * �� �/'�,%�� *(�*�: 

� � � �uuu� tanh��                            (2.16) 

 

� /��'��" 1/+#��*�" ��� �%* �)# sub-Gaussian ����" �0�1 ��  .)� (+1 �#*�  �" *(�*1�" 2.10 /�� 

2.16): 

� �� �WuuuuIW TT ��� tanh�                          (2.17) 

 

:*,� �&,)#  �� �1)0� �*�  �� super-Gaussian ���.� +1 ��� +'�, +���* , (unimodal) %�,�1 10 ��  , 

�/'�,%�, +,� ��,: 

� � � � � �uupup G
2sech�                (2.18) 

 

'�,% � � � �0,1NupG � , 10��� +0� zero mean Gaussian �%/�' � � +1 +,��$��0� $��/-+��*�. �, *(!+� 

2.2 ��),%*�#31�  , +,� ��, �%/�' � �" ���  , � �up . 

 

 
 �
�� 2.2 �, +,� ��, �%/�' � �" ���  �� super-Gaussian /� ��,+!. �, super-Gaussian �,� ��, �(1� +0� 

“��)- 1)� ,%)#” *1 *(�*� +1  , Gaussian +,� ��,, �,% �(1� /��,��/! �%/�' � � 
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� +� �)�++�/' � � � �u�  ,���  �� �1)0� �*�  ,% super-Gaussian +,� ��,%, ��0)�1�  � +,)&!: 

 

� �
� �

� �
� �uu

up
�u

u�p

u� tanh����                        (2.19)  

 

� /��'��" 1/+#��*�" ���  �" super-Gaussian ����" $0�1 �� (+1 ()!*�  �� *(�*1�� 2.10 /�� 2.19) ��' 

 � *(�*� �,% �/,�,%�10: 

� �� �WuuuuIW TT ��� tanh�                          (2.20) 

 

� $��&,)# +1 �2-  ,% super-Gaussian  /��'�� 1/+#��*�"  �" *(�*�" (2.20) /��  ,% sub-Gaussian 

/��'�� 1/+#��*�"  �" *(�*�" (2.17) 10���  , �)'*�+, �)��  �� 1&�� ,+1��/! *%�#) �*�: 

Extended Infomax algorithm: 

� �
� � Gaussiansub

Gaussian-super
   
:

:

tanh

tanh
�

� !

 
"
#

�
�

�
�
�

�

��

��
�      

W

W

uuuuI

uuuuI
W

TT

TT

       (2.21) 

 

�� /��'�1" 1/+#��*�" $��&�),%� * , �)'*�+, �)��  �� 1&�� ,+1��/! *%�#) �*� /�� +�,),-� �� 

/��,)�* ,-� +1 ()!*� 1�'" $��/��$�3'+1�,% /)� �)0,%. � Girolami (1997) �1.)�*1  , *-+�,�,  �" 

kurtosis  �� $��(�)�*+���� ���.� �" ��� $��/��$�3'+1�, /)� !)�,. ��)'�� �% #, +��" /�� $1� 

%�#)(1� /#�,�," �1��/'" ,)�*+'" ���  �" sub-Gaussian /�� super-Gaussian ����", 1�����1 �� ��� 

$��/��$�3'+1�, /)� !)�, �,% ��*031 �� *1 /)� !)�� * ��1)' � �",  � ,�,0� ��),%*�#3,� �� * � 

*%��(1��. 

��' 1, � 1������! +1 �2-  ,% sub-Gaussian /��  ,% super-Gaussian /��'�� 1/+#��*�" $0�1 �� ��' 

 � *(�*�: 

� �� �
!
"
#

��

�
���

   
WuuuuKIW

Gaussian-sub

Gaussian-super

:

:

1

1
tanh�    

k

k
  

i

iTT         (2.22) 

 

'�,% ik  10��� * ,�(10�  ,% N-$�#* � ,% $���.��,% �0��/� K . � ��)#+1 )," 1������!" ik  +�,)10 

�� ��,/,+�* 10 ��'  � �1��/! ��#�%*� * ��1)' � �"  �� 21(�)�* .� �-*1�� (Gardoso /�� Laheld 

1996). 	 �� ��#�%*� * ��1)' � �"  , mean �1$0, �),*1��031 �� ��'  �� 1�"  #2�" $�� �)�(!  �� 

��)�+� )��  ,% $��(�)�*+��,% �0��/�. � �)�++�/! �),*����*� /,� # * , * #*�+, *�+10, 10���  , 

���+� ' $�#�%*+�  ,% mean �1$0,% * , * #*�+, *�+10,. �, �)��+� �/' +�),"  �� (�)�/ �)�* �/.� 

)�3.�  ,% ��)��.�,%  ,% mean �1$0,% �)��1� �� 10��� �)�� �/', .* 1 ,� ��)#+1 ),� /� # +�*, '), 

��/,� �� �),"  � �0*� * , * #*�+, *�+10,. 

�0� 1��)/!" *%��!/� �,% 1��%# ��  �� �*%+� � �/! * ��1)' � � +�,)10 �� ��)�(�10 +1  � ,�, 

 )'�, .* 1: 

Ni1 $$�      0� i                           (2.23)  

,'�,%  , i�  10���: 
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� �� � � � � �� �iii
2
iiii uu�EuEu�E� �%�                          (2.24) 

/�� 

� � � �iiiii ukuu� tanh��                           (2.25) 

 

�,/���* .� �"  �� 120*�*� (2.25) * �� 120*�*� (2.24) ��+�#�,� ��  � �/'�,%��: 

 

� �� � � � � �� �� �&���� iiii
2
iiii uuukEuE1ukE� tanhsech2                  (2.26) 

� �� � � � � �� �� �� �ii
2
iiii uuEuEuEk� tanhsech2 ��                (2.27) 

 

��� �� $��*&���* 10 ' � 0� i � ,  , �)'*�+,  ,% ik  �)��1� �� 10���  , 0$�, +1  , �)'*�+,  ,% 

� �� � � � � �� �� �ii
2
ii uuEuEuE tanhsech2 � . ��� �% '  , �'�, +�,)10 �� ()�*�+,�,���10 , /��'��" 

1/+#��*�"  �" 120*�*�" (2.22), '�,%  � s'ki  �(,%�  � +,)&!: 

 

� �� � � � � �� �� �� �ii
2
iii uuEuEuEk tanhsechsign 2 ��               (2.28) 

 

2.2.3 Hyperbolic-Cauchy density ������� 

 

	1 �% !  �� 1�' � � ��),%*�#31 �� ��� �/'+� +,� ��, ��)�+1 )�/!" �%/�' � �",  , ,�,0, +�,)10 

�� ()�*�+,�,���10 ���  , $��(�)�*+'  �� sub-Gaussian /�� super-Gaussian ���.�. � *%�$%�*+��� 

��)�+1 )�/! �%/�' � � ,)031 �� ��'  �� �/'�,%�� *(�*�: 

 

� � � � � �bubuup ���� 22 sechsech                        (2.29) 

 

�,  *(!+� 2.3 �����)�* #  �� ��)�+1 )�/! �%/�' � �, �" *%�#) �*�  ,% b . 
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 �
�� 2.3 � ��)�+1 )�/! �%/�' � � � �up  �" *%�#) �*�  ,% b . ��� 0�b  � 1/ 0+�*�  �" �%/�' � �" 10��� 

/� #����� ���  , $��(�)�*+' super-Gaussian ���.�. ��� 2�b  � 1/ 0+�*�  �" �%/�' � �" 10��� 
bimodal /�� ��� �% '  , �'�, 10��� /� #����� ���  , $��(�)�*+' sub-Gaussian ���.�. 

 

 

��� 0�b  � ��)�+1 )�/! �%/�' � � 10��� ��#�,��  �" hyperbolic-Cauchy /� ��,+!" /�� ��� �% '  , 

�'�, 10��� /� #����� ���  , $��(�)�*+' super-Gaussian ���.�.  

��� 2�b  � ��)�+1 )�/! �%/�' � � �(1� +0� bimodal /� ��,+! (,� *%++1 )�/�" bimodal �%/�' � 1" 

�,% ()�*�+,�,�,-� �� * , ��).� /1&#���, 10��� sub-Gaussian) +1 �)�� �/! kurtosis /�� ��� �% '  , 

�'�, 10��� /� #����� ���  , $��(�)�*+' sub-Gaussian ���.�: 

 

� � � � � � � � � �bubuuup
u

u� ������
'
'

�� 2tanh2tanh2tanhlog            (2.30) 

 

� ���')��+," 1/+#��*�" ��� sub-Gaussian /�� super-Gaussian ����" �0�1 ��  .)� (+1 ()!*�  �� 

12�*.*1�� 2.30 /�� 2.10): 

� � � � � �� �WubuubuuuIW TTT ������ 2tanh2tanh2tanh�             (2.31) 

 

: �� 0b �  ('�,% 0 10��� ��� N-$��* #*1�� $�#�%*+� +1 * ,�(10� 0),  ' 1 , /��'��" 1/+#��*�" 

1��  .�1 ��  

�" 12!": 

� �� �WuuIW T2tanh� ��                         (2.32) 

 

� *(�*� (2.32) 10��� �/)��." , /��'��" 1/+#��*�"  �� Bell /�� Sejnowski (1995) +1  � &%*�/! 

1��/ �*�  ,% ���+� ,- $���-*+� ,". 

��� 1b � , � ��)�+1 )�/! �%/�' � � 10��� $-, &#*1��-bimodal ('��" &�0�1 �� /�� * , *(!+� 2.3) 

/�� , /��'��" 1/+#��*�" 10��� /� #����," ���  , $��(�)�*+' *�+# �� +1 sub-Gaussian /� ��,+�". 

��� 1$. +�,)10 �� ()�*�+,�,���10  , �)'*�+,  �� �1��/.� /)� �)0�� * ��1)' � �"  �" 120*�*�" 
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(2.23) /��  , i�   �" 120*�*�" (2.24) ���  ,� /��,)�*+'  ,% ib  .* 1 �� +�,)10 �� �0�1 �� � 1������! 

+1 �2-  �� 0bi �  /�� ��� ��)#$1��+� 2bi � . 

	 , *(!+� 3.4 �0�1 �� *-�/)�*�  ,% 1-),%"  ��  �+.�  �" kurtosis  �� +,� ���� ��)�+1 )�/!" 

*%�$%�*+���" �%/�' � �"  �� 12�*.*1�� (2.12) /�� (2.29). 

 

 

 �
�� 2.4  �  �+!  �" kurtosis ��),%*�#31 �� �" *%�#) �*�  �" ��)�+� ),% +,)&,�,0�*�" �  /�� b ( �  ��� 

 , +,� ��, �%/�' � �"  ,% Pearson /�� b  ���  , +,� ��, �%/�' � �" hyperbolic-Cauchy). ���  � 

$-, +,� ��� �),*1��03,%�  ��  �+! 2��4k  /��." �%2#�1 �� � ��)#+1 )," +,)&,�,0�*�". � 

kurtosis ���  , +,� ��,   ,% Pearson 10��� �%* �)# �)�� �/! 1/ '" ��'  � �1)0� �*� �,% 0�� . 

� kurtosis ���  , +,� ��, hyperbolic-Cauchy /%+�0�1 �� +1 �2- �1 �/.� /�� �)�� �/.�  �+.�, +1 
 � ,�,  )'�, �,% �� 1�� )��1�  � ()!*� �% ,-  ,% ���,- ��)�+1 )�/,- +,� ��,% ���  , 
$��(�)�*+' *�+# �� �,% �(,%� sub-Gaussian /�� super-Gaussian �%/�' � 1". 

 

 

�  �+!  �" kurtosis ��),%*�#31 �� �" *%�#) �*�  �" ��)�+� ),% +,)&,�,0�*�" �  ���  , 

*%++1 )�/' +,� ��, �%/�' � �"  ,% Pearson /�� �" *%�#) �*�  �" ��)�+� ),% +,)&,�,0�*�" b  ��� 

 , +,� ��, *%�$%�*+���" �%/�' � �" hyperbolic-Cauchy. � kurtosis ���  , +,� ��, Pearson 10��� 

�%* �)# �)�� �/! 1/ '"  �" �1)0� �*�" �,% 0�� , '�,% � kurtosis 10��� +�$1��/!. ��1�$! � 

kurtosis ���  , +,� ��, hyperbolic-Cauchy /%+�0�1 �� +1 �2- �1 �/.� /�� �)�� �/.�  �+.�, +�,)10 

�� ()�*�+,�,���10 ���  , $��(�)�*+'  '*, sub-Gaussian '*, /�� super-Gaussian �%/�, ! ��. 

 

2.3 !���������� 	�� ���������	� ����������� 

 

�/ 1 �+��1" �),*,+,�.*1�" /�� �1�)#+� � �(,%� �)��+� ,�,���10 *1 /� ��1�)�++��� $1$,+���, 

.* 1 �� 1�����1-*,%�  �� �/��' � � 1�0�%*�"  ,% 1/ 1 �+��,% ���,)0�+,% Infomax,  �" 120*�*�" 

(2.21). 	 , ��)#$1��+� �),*,+,0�*�" �,% �/,�,%�10, $10(�1 �� ' � , 1/ 1 �+��," Infomax +�,)10 �� 
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$��(�)0*1� ��� �,�- +1�#�, �)��+' ���.� +1 �,�/��0� sub-Gaussian /�� super-Gaussian /� ��,+.�. 

��0*�" �0�1 �� *-�/)�*�  �� ��, 1�1*+# ��  ,% /��'�� 1/+#��*�"  ,% 1/ 1 �+��,% ���,)0�+,% 

Infomax  �" *(�*�" (2.10) +1  ,� /��'�� 1/+#��*�"  ,% �)(�/' ���,)0�+,% Infomax  �" *(�*�" 

(2.11). 

 

2.3.1  ���������� ����� 
��� 

 

6���1 $��(�)�*+'"  �� �/'�,%��� 20 ���.�: 10  +!+� � !(,%  ���0�", 6 *!+� � &��!" /�� !(,% 

(�,% ()�*�+,�,0�*�� ,� Bell /�� Sejnowski * ,� �)(�/' Infomax), 3 ,+,�'+,)&� /� ��1+�+��� sub-

Gaussian *!+� � �,)-�,%, /�� ��� *!+� ����0,% �,)-�,% +1 Gaussian /� ��,+!. �� �%/�' � 1"  �� 

*�+# �� ! �� �,�- /,� # +1  �" Gaussian /� ��,+�". 6���1 ()!*�  �� �/'�,%��� ��)�+� )��: , 

���+'" 1/+#��*�" (learning rate) * ��1)'" * ��  �+! 0.0005, block size  �� 100 $1$,+���� *�+10��, 

150 �1)#*+� � $��+�*,%  �� $1$,+���� (41250 1�����!41�"). 

�, *(!+� 2.5 $10(�1�  �� ��'$,*�  ,% �0��/� P , �&' ,% ,� �)�++�"  ,% �0��/� ���$�� #(��/�� 

(1�),/0�� � /�� /��,��/,�,�!��/�� *1 *%+&��0�. � P , 10��� /,� # * ,� +,��$��0, �0��/� /��  � 

�$)��! $���.��� * ,�(10�  ,%, $10(�,%�  , �,*,* '  ,% �#�,%". 	1 �% !  � �),*,+,0�*� 

()�*�+,�,�!��/1  , 4k  �" /)� !)�,  �" ��#/ �*�"  �� ���.�. � �)(�/'" ���')��+," Infomax 

/� #&1)1 �� $��(�)0*1�  �" �1)�**' 1)1" ����" +1 �1 �/! kurtosis. ��)'�� �% #, $1� /� #&1)1 �� 

$��(�)0*1� �)/1 �" ����" *%+�1)���+���,+���� 2 super-Gaussian ���.� (music 7 /�� 8) +1 (�+��! 

kurtosis (0.78 /�� 0.46 �� 0* ,�(�). 

�� 0�1 �,  , *(!+� 2.6 $10(�1� ' � � ��'$,*�  ,% �0��/� P  ���  ,� 1/ 1 �+��, ���')��+, Infomax 

10��� �,�- /,� # +1  ,� +,��$��0, �0��/�. 	1 +0� �/,%* �/! $,/�+!, %�!)21 21/#��)," $��(�)�*+'" 

'���  �� ���.� ��'  �" +1021�"  ,%". �� *�+1���10 ' �, 1�.  , 1-),"  �� ���.� /%+���' �� ��'  

/� ��,+�" Laplace � � � �� �   ssp �� exp , Gaussian �')%�, /�� ,+,�'+,)&� /� ��1+�+��, �')%�,, 

'�1" ,� ����" $��(�)0* �/�� +1 ()!*� +'�, +0�" +� �)�++�/' � �". 

�� ��, 1��*+� �  �" �),*,+,0�*�" ��,$1�/�-,%� ' � ,� 1/ �+!*1�" super-Gaussian /�� sub-Gaussian 

 �� *(�*1�� 12 /�� 18 10��� �/���" �� $��(�)0*,%�  � *!+� � * �" �)��+� �/�" �)(�/�" ����". �� 

���')��+,� 1/+#��*�"  �� *(�*1�� 21 /�� 31 1/ 1��* �/�� *(1$'� ���,+,�' %��. 

�/,�,%�,-�  � *(!+� � 2.5 /�� 2.6 /�� , �0��/�" 2.1 �,% ��),%*�#31�  �� kurtosis  �� �)(�/.� 

����0�� *�+# �� *1 �� ���)��,�! +1  �"  �+�"  �� kurtosis  �� ���/ �+���� *�+# �� ��'  ,� 

�)(�/' Infomax /��  ,� 1/ 1 �+��, Infomax. 
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 �
�� 2.5 � �0��/�" ��'$,*�" P  ���  , $��(�)�*+' 20 ���.�, +1 ()!*�  ,% �)(�/,- ���,)0�+,% Infomax 
�&,- �(1� �),����10 /��,��/,�,0�*� /�� ���$�# �2�. �� �1)�**' 1)1" super-Gaussian ����" 
���/ !��/��. ��)'�� �% #, ,� 3 sub-Gaussian ����", � Gaussian ���! /�� 2 super-Gaussian ����" 
��)�+1���� �$��(.)�* 1" (mixed). 	%�,��/#, 14 ����" $��(�)0* �/��, /�� 6 ��)�+1���� 
���+1��+��1" (�0��/�" 2.1). 

 

 

 

 �
�� 2.6 � �0��/�" ��'$,*�" P , ���  , $��(�)�*+' 20 ���.� +1 ()!*�  ,% 1/ 1 �+��,% ���,)0�+,% 
Infomax, �&,- �),��!��/1 /��,��/,�,0�*� /�� ���$�# �2�. � �0��/�" P  10��� �1)0�,% , 
+,��$��0," �0��/�", �)#�+� �,% $��.�1� ' � �(1� �0�1� *(1$'�  ��1�," $��(�)�*+'"  �� *�+# ��.  
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!���	�� 2.1  

� kurtosis  �� 20 �)(�/.� ����0�� *�+# �� /�� � kurtosis  �� ���/ �+���� *�+# �� ��'  ,� �)(�/' Infomax 
/��  ,� 1/ 1 �+��, ���')��+, Infomax. �� ����0� *!+� � �,�/0�,%�, ��' *!+� � �'�,% %4��!" kurtosis, 
Gaussian �')%�, (� kurtosis 10��� +�$��), ����" �,)-�,% +1 ,+,�'+,)&� /� ��,+! (� kurtosis 10��� �)�� �/!). 
6(,%�  ,�,�1 ��10 *1 ���0*�, ,� ����" �,% $1� /� #&1)�� �� $��(�)�* ,-� /���)#. ����),*�� �", , SNR 
(signal to Noise Ratio) �(1� %�,�,��* 10 ���  ,� 1/ 1 �+��, ���')��+, Infomax. 

 

 

 

2.4 !��������� ��� �	��������� ������,��� Infomax 

 

� 1/ 1 �+��," ���')��+," 1/+#��*�" Infomax /#�1� �)/1 �" %�,��*1�" /�� �1�)!*1�", +1 

��, ��1*+� �� �1)�,)031 �� � ��, 1�1*+� �/' � #  ,%. 

�). � ��' '��, , ���')��+," ���� 10, , �)��+'"  �� ��*�� !)��� ,)�#��� (��*�� !)��) �� 10��� 

0*," ! +1���- 1),"  ,% ��!�,%"  �� ���.� MN ( . � �1)0� �*� * �� ,�,0� ,� ����" 10��� 

�1)�**' 1)1" ��'  ,%" ��*�� !)1" �(1� �1�)� �/' /�� �)�/ �/' 1�$��&�),�. �#� $0�,� �� +'�, ���" 

! $-, ��*�� !)1" ,� ,�,0,� �(,%� �� ��)� �)!*,%� �1)�**' 1)1" ��' $-, ����" *�+# ��, +�,)10 �� 

�0�1� ��#/ �*� '���  �� ���.�; �),/� �)/ �/# ��, 1��*+� � �(,%� $1021� ' � +0� 

%�1)*%+���)�+��� �����)#* �*�  �� $1$,+���� +�,)10 +�()� 1�'" *�+10,% �� 12#�1�  �" 

��12#) � 1" *%��* .*1" +1 ()!*� 1/  �� �), �)�� ��.*�"  �" /� ��,+!"  �� ���.�. �)�/ �/# 

�% ' �(1� 1�� 1%(�10 ��'  ,� Lee et al. (1998), '�,% �)��+� ,�,�!��/1 $��(�)�*+'"  )�.� ���.� ��' 

$-, ��*�� !)1". 

�1- 1),�, ,� ����" 1�$�(1 �� �� +�� 10��� * #*�+1", $���$! ,� ����" +�,)10 �� 1+&��03,� �� /�� �� 

12�&��03,� ��, ���# /�� �� +1 �/��,-� �� (�.(. ,+��� !" �,% +1 �/��10 �� * , $�+# �,). 	1 �% �"  �" 

�1)�� .*1�", , * ��+�/'" �0��/�" W  +�,)10 �� ���#21� ,�,/��)� �/# ��'  , ��� (),��/' *�+10, 

* , 1�'+1�,. �% '  , �)'���+� ��, 1�10 �)'/��*� ��� '�,%"  ,% ���,)0�+,%" ICA. �0� +��,$," 
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+,� 1�,�,0�*�"  ,% *%��&,-" 1�����**'+1�,% (+� * ��1),- *%�$%�*+��,% �0��/�) ��, 1�10 ���" 

+� 1�,� 1%+��,"  )'�," �,% �), #��/1 ��'  ,� Lee et al. 

�)0 ,�, , �')%�," ��'  ,%" ��*�� !)1" +�,)10 �� 1��)1#*1�  , $��(�)�*+' /�� �� �)��1� �� 

�1)���+�#�1 �� * , +,� ��,. �1)�**' 1)� $,%�1�# �)��1� �� �0�1� ���&,)�/# +1  ,� /��,)�*+'  �� 

��, 1�1*+# ��  ,% �,)-�,% * �� ��'$,*�  ,% ���')��+,%. 

��)#  ,%" ���&1)��� 1" �1)�,)�*+,-", , 1/ 1 �+��," a���')��+," Infomax �,% ��),%*�#* �/1 * , 

��).� /1&#���,, �(1� �)/1 �" 1&�)+,��" '�,% �0�1 �� $��(�)�*+'"  '*, sub-Gaussian '*, /�� super-

Gaussian ���.�, (�)0" �� ()1�#31 �� ,�,��$!�, 1 1/  �� �), �)�� ��.*�  �� * � �* �/.� 

�$�, ! ��  �� ���.�. 

	%+�1)�*+� �/# , 1/ 1 �+��," ���')��+," Infomax ��, 1�10 +0� �,��# %�,*('+1�� �1�0/1%*�  �" 

+1�'$,% ICA, �,% �/��,�,�10 ��� �1��/' /)� !)�, * ��1)' � �" ��� sun-Gaussian /�� super-Gaussian 

����". 	%�/)� �/# +1  ,� �)(�/' ���')��+, Infomax  �� Bell /�� Sejnowski, , 1/ 1 �+��," Infomax 

$��(�)031� ��� +1���- 1), 1-)," ����0�� *�+# ��, $�� �).� �" ��)#�����  �� ���' � �  ,%. 
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)������� 3 
+%30#$5�0  ICA FIXED POINT  
 

3.1 "�����
 

 

6* � ' � *1 ��� /�1�* ' $�+# �, �)0*/,� �� $-, #��)��,� �,% +��#�1  �% ,()'��". �-, +�/)'&��� 

�(,%�  ,�,�1 ��10 *1 $��&,)1 �/�" ��*1�",  � ,�,0� /� ��)#&,%�  �� ,+��0�. �� +�/)'&��� 

/� ��)#&,%� $-, (),��/# *!+� � (&��!"),  � ,�,0� $��.�,� �� �" � �tx1 /�� � �tx2 , '�,% x1, x2  � 

��# � /�� t , $10/ �"  ,% ()'�,%. �#�1 ��� ��'  � /� ��1�)�++��� *!+� � ��, 1�10 ��� * ��+�/' 

#�),�*+�  �� *�+# �� &��!" �,% 1/��+�1 �� ��'  ,%" $-, ,+��� �",  , ,�,0, $��.�1 �� �" � �ts1  

/�� � �ts2 . �� *!+� � � �txi  +�,),-� �� 1/&)�* ,-� �" +0� �)�++�/! 120*�*� �,% �(1�  �� 12!" 

+,)&!: 

 

� � 2121111 sasatx ��                   (3.1) 

� � 2221212 sasatx ��                   (3.2) 

 

,'�,%  � ija  10��� ,)�*+��1" ��)#+1 ),� �,% 12�) .� �� ��'  �" ��,* #*1�" �,% �(,%�  � +�/)'&��� 

��'  ,%" ,+��� �". �� ! �� �#)� �,�- ()!*�+, �� +�,),-*�� �� 1/ �+��,-�  � $-, �)(�/#-

�)� ' %�� &��� �/# *!+� � � �ts1  /�� � �ts2 , ()�*�+,�,�.� �" +'�,  � /� ��1�)�++��� *!+� � 

� �tx1  /�� � �tx2 . �, ��)��#�� �)'���+� 10��� ���* ' �"  , “cocktail party problem”. 

6�� ��)#$1��+� �)," 1�12!��*�  �� ��)��#�� $0�1 �� +1  � *!+� �  �� *(�+# �� 3.1, 3.2 /�� 3.3. 

�1� �)'/1� �� ��� �)��+� �/# &��� �/# *!+� �, ���# �),*,+,��+��� *!+� � �,% 1��)/,-� ���  �� 

1�12!��*�  �� ��)��#��. 

 

 
 �
�� 3.1 �� �)(�/# ����0� �(� �/# *!+� � 
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 �
�� 3.2 �� ��)� �),-+1�,� *%�$%�*+,0 (mixtures)  �� ����0�� *�+# ��  ,% *(!+� ," 1 

 

 

�� �)(�/# �(� �/# *!+� � �� +�,),-*�� �� +,�#3,%� +1 �% #  ,% *(!+� ," 3.1, /��  � 

*%�$%�*+��� *!+� � +1 �% #  ,% *(!+� ," 3.2. �, �)'���+� �&,)#  �� 1����&,)#  �� $1$,+���� 

 ,% *(!+� ," 1 +1 ()!*� +'�,  �� $1$,+����  ,% *(!+� ," 3.2, $���$!  �� 12����!  �� �)(�/.� 

�(� �/.� *�+# �� +1 ()!*� +'�,  �� *%�$%�*+���� �(� �/.� *�+# ��. 

��  ,� ��)#+1 ),� ija  ! �� ���* �",  ' 1 � 1�0�%*�  �� (3.1) /�� (3.2) �� ! �� ���! %�'�1*�. 

��)'�� �% #,  , ��+� �,% �2031� �� +1�1 ��10 �&,)#,  , �." +�,),-� �� 1���%�,-� ,� �)�++�/�" 

12�*.*1�" ($���$! �� �)1�,-�  � �)(�/# *!+� �) (�)0" �� 10��� ���* �" ,�  �+�"  �� ��)�+� )�� 

ija . �% '  , �)'���+� 10��� �)/1 # ��, $-*/,�,. 

�0� �),*����*� ���  �� 1�0�%*�  ,% �),��!+� ," �&,)#  �� ()!*� ,)�*+���� ���),&,)�.�  �� 

* � �* �/.� �$�, ! ��  �� *�+# �� � �tsi  ���  ,� %�,�,��*+'  �� ija . 	 �� �)��+� �/' � �, /�� 

0*�" 1� 1�." ����#� 1(�, ��,$1�/�-1 �� ' � 10��� �)/1 ' �� �1�)��10 ' �  � � �ts1  /�� � �ts2 , ��� 

/#�1 (),��/' * ��+�' %�, t, 10��� * � �* �/# ��12#) � �. 

� ��)��#�� �1.)�*� 10��� )1���* �/! %�'�1*� *1 �,���" �1)�� .*1�", /�� $1� ()1�#31 �� �� �*(-1� 

��,�- �" /� #  �� �)�/ �/! 1&�)+,�!. 

�  1(��/!  �" Independent Component Analysis ! ICA, +�,)10 �� ()�*�+,�,���10 ���  ,� %�,�,��*+' 

 �� ija , ��*�3'+1�� * �" ���),&,)01"  �" ��12�) �*0�"  �� ��)�+� )�� �% .�, 1�� )��,� �" � *� 

 , $��(�)�*+'  �� $-, �)(�/.� ����0�� *�+# �� � �ts1  /�� � �ts2 , ��'  � *%�$%�*+��� *!+� � 

� �tx1  /�� � �tx2 . �, *(!+� 3.3 ��),%*�#31�  � 2 *!+� � '��" %�,�,�0* �/�� ��'  � +��,$, ICA. 

:��" &�0�1 ��,  � *!+� � �% # 10��� �,�- /,� # * � �)(�/# ����0� *!+� �  ,% *(!+� ," 3.1.  
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 �
�� 3.3 �� 1/ �+!*1�"  �� �)(�/.� ����0�� *�+# �� +1 ()!*� +'�,  �� ��)� �),-+1��� *%�$%�*+���� 

*�+# ��  ,% *(!+� ," 3.2 

 

� +��,$," ICA *(1$�#* �/1 �)(�/# ���  �� �� �+1 .��*� �),���+# �� �,% *(1 03,� �� * 1�# +1  , 

“cocktail party problem”. ��)'�� �% # /�� �'��  ,% �%2�+��,% 1�$��&�),� ," ���  � +��,$, �% !, 

��,$10(��/1 ' � � ICA +�,)10 �� 1&�)+,* 10 *1 ��!�," #���� 1&�)+,�.�.  

�0� ��'  �" ��, *�+�� �/�" 1&�)+,��" ��, 1�,-� ,� ��1/ )�/�" /� ��)�&�"  �" 1�/1&���/!" 

$)�* �)�' � �" +�*� 1�1/ ),1�/1&��,�)�&!+� ," (EEG). �� $1$,+��� ��'  , EEG ��, 1�,-� �� 

��' /� ��)�&�" ��1/ )�/,- $%��+�/,- *1 �,���" $��&,)1 �/�" �1)�,(�"  ,% /)��0,%. �% �" ,� 

/� ��)�&�" �),/-� ,%� ��'  , *%�$%�*+' ,)�*+���� %�,/10+1��� *%��* �*.�  �" 1�/1&���/!" 

$)�* �)�' � �". � �1)0� �*� �% ! +,�#31� +1  , “cocktail party problem”. �1 ��)� !)�*� +'�,  �� 

*%�$%�*+.�  �� *%��* �*.�  �" 1�/1&���/!" $)�* �)�' � �", �� 1� ,��* ,-�  � �)(�/# *%* � �/# 

 �" 1�/1&���/!" $)�* �)�' � �". � ICA +�,)10 �� ��,/��-41� 1�$��&�),%*1" ���),&,)01"  �" 

1�/1&���/!" $)�* �)�' � �" $0�,� �" �)'*��*� * �" ��12#) � 1" *%��* .*1"  �". 

�0� #��� $-*/,�� 1&�)+,�!  �" ICA �&,)#  �� 12����! (�)�/ �)�* �/.� (feature extraction). � 

ICA +�,)10 �� ()�*�+,�,���10 * �� 1�121)��*0� 4�&��/.� *�+# ��, ���  ,� 1� ,��*+'  �� 

/� #������ �����)�* #*1�� ��� $1$,+��� !(,%, 1�/'��", /.�. ��� 1)��*01" '��" *%+�01*� ! 

��,+#/)%�*� �,)-�,% ��'  , *!+�. 

:�1" ,� ��)��#�� 1&�)+,��" +�,),-� �� $�� %���,-� *1 ��� 1�,�,��+��, +���+� �/' ���0*�,, 

�% '  �" ICA. � ICA ��, 1�10 +0� +��,$, �1��/,- */,�,- ��� 1�121)��*0� *!+� ," /�� ��#�%*� 

$1$,+����. 

�, /1&#���, �% ' 10��� $��+,)&�+��, �" 12!": 	 �" 1�' � 1" 3.2 /�� 3.3 ��),%*�#3,� �� , ,)�*+'" 

/�� ,� ��*�/�" �)(�"  �" ICA �� 0* ,�(�. 	 �� 1�' � � 3.4  , �)'���+�  �" ICA ����-1 �� * �� 

1�0�%*� +1 1��(�* ,�,0�*� ! +1��* ,�,0�*� ,)�*+���� �� ���)�����'+1��� *%��) !*1�� (contrast 

functions). �% ' +1 �*(�+� 031�  , �)'���+�  �" ICA *1 ��� �)'���+� �)��+� �/!" 

�1� �* ,�,0�*�". ��),%*�#3,� �� ,)�*+��1" contrast *%��) !*1�" /�� $�1%/)��03,� �� ,� +1 �2-  ,%" 

*(�*1�". 	 �� 1�' � � 3.5 �0�1 �� ���&,)# /#�,��� ��+# �� �),1�121)��*0�" �,% 10��� ����/�0� 

�)��  �� 1&�)+,�!  ,% ���,)0�+,% ICA. 	 �� 1�' � � 3.6 ��),%*�#31 �� ���" ��'  ,%" ��, 

��,$, �/,-" /��'�1" 1/+#��*�" ���  �� 1�0�%*�  �" ICA. ���," * �� 1�' � � 3.7 ��),%*�#31 �� � 

%�,�,0�*�  ,% ���')��+,% FastICA. 
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3.2 +����� ���6���
��� ������� (ICA)  

 

3.2.1 0����� 

 

6��" �%* �)'" ,)�*+'"  �" ICA +�,)10 �� �0�1� +1 ()!*�  ,% * � �* �/,- +,� ��,% ����#�,%*�� 

+1 ���� .� (latent variables). 6* � ' � ��)� �),-� �� n �)�++�/,0 *%�$%�*+,0 n1 x,...x  ��' n 

��12#) � 1" *%��* .*1": 

njn22j11jj sa....sasax ����  ��� /#�1  j                                    (3.3)  

 

�1  ,� ��)��#��  )'�, ��,+�/)-�1 �� , $10/ �"  ,% ()'�,% t. ���,� * , +,� ��, ICA, , /#�1 

*%�$%�*+'" jx /��." /�� /#�1 ��12#) � , *%* � �/' ks , �1�)10 �� �" +0�  %(�0� +1 ���� !, �� 0 

��� ��� /��,��/' (),��/' *!+�. �� ��)� �),-+1�� *%�$%�*+��� *!+� � � �tx j , '��" ��� 

��)#$1��+�  � �(� �/# *!+� � ��'  � +�/)'&��� * , cocktail party problem, ��, 1�,-� ��� $10�+� 

�% !"  �"  %(�0�" +1 ���� !". ��)0" ��.�1��  �" �1��/' � �", +�,)10 �� %�, 1�10 ' �  '*, ,� 

*%�$%�*+��1" +1 ���� �" '*, /�� ,� ��12#) � 1" *%��* .*1" �(,%� +�$1��/!  �+! (zero mean). �#� 

�% ' $1� ����1-1�,  ' 1 ,� ��)� �),-+1�1" +1 ���� �" ix  +�,),-� �� /1� )#),� �� (centered) +1 

�&�0)1*�  �" +�*�"  �+!"  ,% $10�+� ,"  (sample mean), $�+�,%)�.� �" � *�  , +,� ��, zero mean. 

�0��� �,��/' �� �0�1 �� ()!*� *�+1�,�)�&0�" $���%*+� �/.� ���#/�� �� 0 ���  � ��),0*+� �  �" 

120*�*�" (3.3). 6* � x  %(�0, $�#�%*+�  � * ,�(10�  ,% ,�,0,% 10��� ,� *%�$%�*+,0 n1 x,...x  /�� s  , 

 %(�0, $�#�%*+� +1 * ,�(10� n1 s,...s . 6* � A , �0��/�" +1 * ,�(10� ija . �1��/#,  � �13# �)#++� � +1 

�� ,�� �)�&! $��.�,%� $���-*+� � /��  � /1&���0� �)#++� � +1 �� ,�� �)�&! $��.�,%� �0��/1". 

:��  � $���-*+� � �1�),-� �� �" $���-*+� � * !��", /�� ��� �% '  , �x  !  , �� �+1 ��1 �/'  ,% 

x  10��� ��� $�#�%*+� �)�++!". �1 ()!*�  �" *�+1�,�)�&0�" $���-*+� ,"-�0��/�  , ��)��#�� 

*%�$%�*+��, +,� ��, �)#&1 �� �": 

Asx �       (3.4) 

 

�)�*+��1" &,)�" ()1�#3,� �� ,� * !�1"  ,% �0��/� A. ���.�,� �"  �" * !�1"  ,% �0��/� A �" ja ,  , 

+,� ��,  �" (3.4) +�,)10 �� �)�&10 �": 

�
�

�
n

1i
isix a      (3.5) 

 

�, * � �* �/' +,� ��,  �" *(�*�" (3.4) ,�,+#31 �� ��#�%*� ��12#) � �� *%��* �*.� ! ����." 

+,� ��, ICA. �, +,� ��, ICA 10��� ��� ��)�����/' +,� ��,, �,% *�+�0�1� ' � �1)��)#&1� ��" 

��)#�,� ��  � ��)� �),-+1�� $1$,+��� ��' +0� $��$�/�*0� ��#+�2�"-*%�$%�*+,-  �� *%* � �/.� 

is . �� ��12#) � 1" *%��* .*1" 10��� ����#�,%*1"-/)%&�" +1 ���� �", �)#�+� �,% *�+�0�1� ' � $1� 

+�,),-� �� ��)� �)��,-� #+1*�. ��0*�" , *%�$%�*+��," �0��/�" (mixing matrix) �1�)10 �� ' � 
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10��� #���* ,". �, +'�, �,% +�,)10 �� ��)� �)��10 10���  ,  %(�0, $�#�%*+� x , /�� �)��1� +1 �#*� 

�% ' �� %�,�,��* 10 , A /��  , s. �% ' �)��1� �� �)��+� ,�,���10 /# � ��' '*,  , $%�� ' ��, 

�1��/1%+��1" %�,��*1�". 

�, *�+10, 1//0��*�" ���  , +,� ��, ICA 10��� � �,�- ���! %�'�1*� ' � ,� *%��* .*1" is  10��� 

* � �* �/# ��12#) � 1". ��0*�", �)��1� �� �1�)��10 ' � �% �" ,� ��12#) � 1" *%��* .*1" �)��1� �� 

�(,%� non-Gaussian (+�-�/�,%*����") /� ��,+�". ��)'�� �% #, * , ��*�/' +,� ��, $1� �1�),-� �� 

���* �" �% �" ,� /� ��,+�" (1#� 10��� ���* �",  ' 1  , �)'���+� 10��� �)/1 # ���,�,��+��,). ��� 

�'�,%" ���' � �", �1�)10 �� ' � , #���* ," *%�$%�*+��," �0��/�", 10���  1 )�����/'". 	 � 

*%��(1��, +1 #  ,� %�,�,��*+'  ,% �0��/� A, +�,)10 �� %�,�,��* 10 , �� 0* ),&,"  ,% A, �* � W, 

/�� �� ��,/,+�* ,-� ,� ��12#) � 1" *%��* .*1" ���# +1  ,�  -�,: 

 

Wxs�        (3.6) 

 

� +��,$," ICA *(1 031 �� *1 +1�#�, ���+' +1  � +��,$,  %&�,- $��(�)�*+,- ���.�, Blind Source 

Separation (BSS) ! blind signal separation. �0� ���! (source) �1�)10 �� �" ��� �)(�/'-�)� ' %�, 

*!+� $���$! +0� ��12#) � � *%��* .*�, '��" , ,+��� !" * , cocktail party problem. � ')," 

“Blind” ()�*�+,�,�10 �� ��� �� $1021� ' � %�#)(1� �,�- +�/)! ! /�� +�$1��/! ��.*� *(1 �/# +1  ,� 

*%�$%�*+��, �0��/� /�� �0�1" %�,��*1�" +�,),-� �� �0�,%� ���&,)�/# +1  � ����0� *!+� �. � ICA, 

10��� 0*�" � ��, 1%)��" ()�*�+,�,�,-+1�� +��,$," ���  �� 1/ ��1*�  �" blind source separation. 

	1 �,���" 1&�)+,��", /)0�1 �� ���)�0 � � � -��)2� �,)-�,% * � +1 ),-+1�� *!+� �, �)#�+� �,% 

*�+�0�1�  �� �),*�!/� �,)-�,% * , ()�*�+,�,�,-+1�, +,� ��,. ��� �'�,%" ���' � �" /�� 1�1�$! ,� 

1/ �+!*1�" ���  , +,� ��, (�)0"  �� -��)2� �,)-�,% 10��� !$� �)/1 # $-*/,�1", $1� �1)���+�#�1 �� 

�')%�," * , +,� ��,. ��)'�� �% # /��  , +,� ��, (�)0" �')%�, 10��� 1��)/�" ��� �,���" 

1&�)+,��". 

 

 

3.2.2 !����
���� ��� ��,���� 

 

	 , +,� ��, ICA �,% �1)��)#&1 �� ��'  � *(�*� (3.4), 1-/,�� ��)� �)10 �� ' � �*(-,%� ,� 

�/'�,%�1" �+&��,�01": 


 �1� +�,),-� �� /��,)�* ,-� ,� 1��)�1�1" (energies)  �� ��12#) � �� *%��* �*.�. 

� �'�," 10��� ' �,  '*,  , s '*, /��  , A '� �" #���* �, ,�,�,*$!�, 1 ���+� '" 

�,������*��* !" *1 +0� ��'  �" ����" is  �� +�,),-*1 �#� � �� �/%).�1 �� +1 $��0)1*�  �" 

�� 0* ,�(�" * !��" ia   ,% �0��/� A +1  ,� 0$�, �)��+'. �" ��, ��1*+� +�,)10 �� $�,)���10  , 

+��1�,"  �� ��12#) � �� *%��* �*.�. ���." ,� *%��* .*1" �% �" 10���  %(�01" +1 ���� �", , 

��, &%*�/'"  )'�," 10��� �� 12�*&���* 10 ' � /#�1 *%��* .*� �(1� +,��$��0� $��/-+��*� (unit 

variance) � � 1sE 2
i � . �' 1 , �0��/�" A �� �),*�)+,* 10 * � +��,$, 1�0�%*�"  �" ICA /�� �� 

�#�1� %�'4�  ,%" ��)��#�� �1)�,)�*+,-". 
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 �1� +�,)10 �� /��,)�* 10 � *1�)#  �� ��12#) � �� *%��* �*.�. 

� �'�," 10��� /�� �#�� ' �  , s '*, /��  , A $1� 10��� ���* #, +�,)10 1�1-�1)� �� �0�1� �����! 

* � *1�)#  �� ')��  �" *(�*�" (4.5), /�� �� (�)�/ �)�* 10 ,�,��$!�, 1 ��'  �" ��12#) � 1" 

*%��* .*1" �" �). �. �%��/#, ���" +1 ��1 �/'" �0��/�" (permutation matrix) P /�� , 

�� 0* ),&,"  ,% +�,),-� �� 1�*�(�,-� * , +,� ��, /�� �� $.*,%�  � *(�*� PsAPx 1�� . �� 

* ,�(10�  ,% ���,+��,% Ps10��� ,� �)(�/�" ��12#) � 1" +1 ���� �" js , ���# +1 $��&,)1 �/! 

*1�)#. � �0��/�" 1AP�  10��� ���# ���" ��," #���* ," *%�$%�*+��," �0��/�", �,% �)��1� �� 

1���%�10 ��'  ,%" ICA ���,)0�+,%". 

 

 

3.2.3 "�����	
 �������� 

 

���  �� 1�/,�,�)#&�*�  ,% +,� ��,% ICA +1 * � �* �/,-" '),%", �1�),-� �� $-, ��12#) � 1" 

*%��* .*1" �,% �(,%�  �" �/'�,%�1" ,+,�'+,)&1" /� ��,+�": 

� �
 !

 
"
# $

�
otherwise               

           

0

3s if
32

1
sp i

i      (3.7) 

 

�, 1-),"  ��  �+.� ��� �% !  �� ,+,�'+,)&� /� ��,+!, 1����(��/1 � *� .* 1 �� /#�1�  �� +�$1��/! 

+�*�  �+! /��  � $��/-+��*� 0*1" +1 1, '��" *%+&��!��/1 * �� 1�' � � 3.2.2. � ��' /,��,- 

�%/�' � � (joint density)  �� 1s  /�� 2s  �0�1 �� ,+,�'+,)&�. �% ' �*(-1� ��'  , ��*�/' ,)�*+' �,% 

���&�)1� ' � � *%�$%�*+��� �%/�' � � $-, ��12#) � �� *%��* �*.� 10��� ���#  , ���'+1�,  �� 

,)��/.� �%/�, ! ��  ,%". � ��' /,��,- �%/�' � � &�0�1 �� * , *(!+� 3.4, '�,% ��),%*�#3,� �� 

*�+10�  � ,�,0� �(,%� 1���1(�10  %(�0� ��' �% !  �� /� ��,+!. 

 

 

 �
�� 3.4 � ��' /,��,- /� ��,+!  �� ��12#) � �� *%��* �*.� 1s  /�� 2s  +1 /��,��/�" /� ��,+�". 	 ,� 

,)�3'� �, #2,��:  , 1s . 	 ,� /� �/')%&, #2,��:  , 2s  
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	 , 1�'+1�, �!+� �0�1 �� , *%�$%�*+'"-+02�  �% .�  �� ��12#) � �� *%��* �*.�. 6* � , 

�/'�,%�," *%�$%�*+��," �0��/�": 

��
�

�
��
�

�
�

12

32
0A       (3.8) 

� �0��/�" (3.8) $0�1� $-, *%�$%�*+��1" +1 ���� �",  �" 1x  /�� 2x . ��,)10 1-/,�� �� %�,�,��* 10 

' �  � *%�$%�*+��� $1$,+��� �(,%� +0� ,+,�'+,)&� /� ��,+! �#�� *1 ��)�����'�)�++,, '��" 

&�0�1 �� ��'  , *(!+� 3.5. 

 

 

 �
�� 3.5   � *%�$1$1+��� /� ��,+!  �� ��)� �),-+1��� *%�$%�*+.� 1x  /�� 2x . 	 ,� ,)�3'� �, #2,��:  , 

1x . 	 ,� /� �/')%&, #2,��:  , 2x  

 

�� *�+1���10 ' � ���,� ,�  %(�01" +1 ���� �" 1x  /�� 2x  $1� 10��� ���,� ��12#) � 1". 6��" ���'" 

 )'�," ��� �� ��,$1�(�10 ' � ,�  %(�01" +1 ���� �" �(,%� �#41� �� 10��� ��12#) � 1", 10��� �� 

121 �* 10 �� 10��� $%�� ' �� �),��1& 10 �  �+! +0�" 1/  �� $-,, �* � � 2x , 1#� � #��� +1 ���� ! 

10��� ���* !. �0��� *�&�", ' � 1#� � +1 ���� ! 1x  & #�1� +0� ��'  �" +���* 1" ! 1�#(�* 1"  �+�"  �", 

 ' 1 �% ' �)/10 ��� �� /��,)0*1�  ��  �+!  �" 2x . ��� �% '  , �'�, ,� +1 ���� �" ��-,%� �� 10��� 

���,� ��12#) � 1".  

(:*,� �&,)#  �" +1 ���� �"  1s  /�� 2s   � �)#�+� � 10��� $��&,)1 �/#. ��'  , *(!+� 3.4 &�0�1 �� 

/���)# ' � ���)03,� �"  ��  �+!  �"  1s , $1� �,��# +1 /�����  )'�, * �� �)'��14�  �"  �+!"  �" 

2s .) 

�, �)'���+�  ,% %�,�,��*+,-  ,% +,� ��,% $1$,+����  �" ICA, �(1� ���(�10 * , �)'���+� 

%�,�,��*+,-  ,% *%�$%�*+��,% �0��/� 0A  +1 ()!*� +'�,  �� ���),&,)�.� �,% �1)��(,� �� * ,%" 

*%�$%�*+,-"  �� 1x  /�� 2x . 	 �� �)��+� �/' � �, ��'  , *(!+� 3.5, �),/-� 1� ���" $���*�� �/'" 

 )'�," ���  ,� %�,�,��*+'  ,% A: �� #/)1"  ,% ��)�����'�)�++,% �)0*/,� �� * �" $�1%�-�*1�" �,% 

�� �* ,�(,-� * �" * !�1"  ,% �0��/� A. �% ' *�+�0�1� ' � +�,)10 �� %�,�,��* 10  , +,� ��, ICA, 

%�,�,�03,� �" *1 �). , * #$�,  �� ��' /,��,- �%/�' � �  �� 1x  /�� 2x , /�� * � *%��(1�� +1  ,� 

1� ,��*+'  �� #/)��. 6 *� &�0�1 �� ' �  , �)'���+� �(1� 1�0�%*�. 
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��)'�� �% #, * �� �)��+� �/' � �, � ��)��#�� $��$�/�*0� ��, 1�10 +0� & �(! +��,$,, $�' � 

$,%�1-1� +'�, ��� +1 ���� �" �,% �(,%� �/)��." ,+,�'+,)&1" /� ��,+�" /�� 1���),*�� �" 

%�,�,��* �/# ��, 1�10 +0� �,�-��,/� +��,$,. 

	%�1�." �% ' �,% ()1�#31 �� 10��� +0� +��,$," �,% �� �(1� ��, 1��*+� � ��� ,�,�,$!�, 1 10$,%" 

/� ��,+!  �� ��12#) � �� *%��* �*.� /�� �� 10��� �)!�,)� /�� �2�'��* �. 

 

 

3.3 +��6������ 

 

3.3.1 0����� 	�� ,���������� ��������� 

 

���  ,� ,)�*+'  �" ���,��"  �" ��12�) �*0�", �* � $-,  %(�01" +1 ���� �" +1 ���+� �"  �+�", 1y  

/�� 2y . �%*��* �/#, ,� +1 ���� �" 1y  /�� 2y , ���1 �� ' � 10��� ��12#) � 1", �� ���),&,)01" �,% 

�&,),-�  ��  �+!  �" +1 ���� !" 1y  $1� $0�,%� /�+0� ���),&,)0� ���  ��  �+!  �" 2y  /�� 

�� �* )'&�". 	 �� �),��,-+1�� 1�' � � ��)� �)!��/1 � ��12�) �*0� +1 �2-  �� *%��* �*.� 1s  

/�� 2s , 1�. ,� *%�$%�*+��1" +1 ���� �" 1x  /�� 2x  $1� 10��� ��12#) � 1". 

�1(��/#, � ��12�) �*0� +�,)10 �� ,)�* 10 ��'  �" �����, �/�" �%/�' � 1" (probability densities). 

6* � � �21 y,yp  � ��' /,��,- *%�#) �*� �%/�' � �" �����' � �" (joint probability density 

function - pdf)  �� 1y  /�� 2y . 6* � ' � � �11 yp   , ,)��/' pdf (marginal pdf)   �" +1 ���� !" 1y , 

$���$!  , pdf  �" 1y  ' �� �% ' �1�)10 �� +'�,. �' 1  , � �11 yp  $0�1 �� ��'  �� �/'�,%�� *(�*�: 

 

� � � ��� 22111 dy,yypyp       (3.9) 

 

/�� +1 ��)'+,�, �),/-� 1�  , ,)��/' pdf ���  � +1 ���� ! 2y . �' 1 ,)031 �� ' � ,� +1 ���� �" 1y  

/�� 2y  10��� ��12#) � 1" �� /�� +'�, ��  , ��' /,��,--*%�$%�*+��, pdf 10��� ��)����0*�+, 

*-+&��� +1  ,� �/'�,%�,  )'�,: 

� � � � � �221121 ypypy,yp �                (3.10) 

 

�% '" , ,)�*+'" 1�1/ 10�1 �� &%*�/# ��� ,�,�,$!�, 1 �)��+' n  %(�0�� +1 ���� .�, '�,%  , 

*%�$%�*+��, pdf �)��1� �� ��, 1�10 ��)#���, n ')��. 

� ,)�*+'" �% '" +�,)10 �� ()�*�+,�,���10 ���  �� 12����! +0�" 1/  �� ��, *�+�� �/.� �$�, ! �� 

��� ��12#) � 1"  %(�01" +1 ���� �". 6* � $-, *%��) !*1�" 1h  /�� 2h . �' 1 �� �*(-1� �#� � � 

*(�*�: 

 

� � � �� � � �� � � �� �22112211 yhEyhEyhyhE �               (3.11) 

 



 39 

� *(�*� (3.11) ��,$1�/�-1 �� �" �/,�,-��": 

 

� � � �� � � � � � � ���� 212122112211 dydyy,ypyhyhyhyhE  

� � � � � � � � 2122221111 dydyypyhypyh���  

� � � � � � � �� �� 2222211111 dyypyhdyypyh  

� �� � � �� �2211 yhEyhE�                (3.12) 

 

 

3.3.2  �����7������ ���������� 	�� ���6������ 

 

�0� ��, �$-��+� +,)&! ��12�) �*0�" �&,)#  �" +� *%*(1 �3'+1�1" +1 ���� �". �-,  %(�01" 

+1 ���� �" 1y  /�� 2y  ���,� �� +� *%*(1 �3'+1�1" ��  , ���'+1�,  �" *%�$��/-+��*!"  ,%" 

(covariance) 10��� +�$��: 

� � � � � � 0yEyEy,yE 2121 ��                (3.13) 

 

	 �� �1)0� �*� �,% ,� +1 ���� �" 10��� ��12#) � 1",  ' 1 10��� /�� +� *%*(1 �3'+1�1", �1�,�'" �,% 

�),/-� 1� ��'  � *(�*� (3.11), � ,�,0� $0�1� � � 111 yyh �  /�� � � 222 yyh � . 

��'  �� #��� +1)�#, � -��)2�  ,% +� *%*(1 �*+,- $1� *�+�0�1� ���)�0 � � /�� ��12�) �*0�  �� 

+1 ���� .�. ��� ��)#$1��+�, �* � $-, +1 ���� �" 1y  /�� 2y , +1 � �21 y,y  �� �(,%� $��/)� �"  �+�" 

/�� �� �/,�,%�,-�  � ,�� /� ��,+! .* 1  , 31-�," � �21 y,y  �� 10��� +1 �����' � � 1/4 0*, +1 

,�,��$!�, 1 ��'  �" �/'�,%�1"  �+�": (0,1), (0,-1), (1,0) /�� (-1,0). 	1 �% !  � �1)0� �*� ,� 

+1 ���� �" 1y  /�� 2y  10��� +� *%*(1 �3'+1�1" /�� +�,),-� �� %�,�,��* ,-�. ��'  �� #��� +1)�#  

 

� � � � � �2
2

2
1

2
2

2
1 yEyE

4

1
0yyE �)�                (3.14) 

 

	%�1�." ��)� �)10 �� ' � � *(�*� (3.14) ��)���#31�  � *%��!/�  �" *(�*�" (3.11), /�� ,� 

+1 ���� �" $1� +�,),-� �� 10��� ��12#) � 1". 

 

�0�" /�� � ��12�) �*0� %�,$��.�1� /��  , +� *%*(1 �*+' +1 �2-  �� +1 ���� .�, �,���" +��,$,� 

ICA, �1)�,)03,%�  � $��$�/�*0�  �" 1/ 0+�*�", � *� .* 1 �� $0�1� �#� � +� *%*(1 �3'+1�1" 

1/ �+!*1�"  �� ��12#) � �� *%��* �*.�. �% ! � $��$�/�*0� +1�.�1�  ,� �)��+'  �� 1�1-�1)�� 

��)�+� )�� /�� ���,�,�10  , �)'���+�. 
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3.3.3 ���������� 	�����	
� 	������
� 

 

� �1+1��.$�" �1)�,)�*+'"  �" ICA ���&�)1� ' � ,� ��12#) � 1" *%��* .*1" �)��1� �� 10��� +� 

�/�,%*����" (non-Gaussian), .* 1 �� 10��� 1&�/ ! � ICA. 

��� �� ��,$1�(�10 ��� 0 ,� Gaussian +1 ���� �" /���* ,-�  �� ICA �$-�� �, �* � ' � , 

*%�$%�*+��," �0��/�" (mixing matrix) 10��� ,)�,�.��," /�� ,� *%��* .*1" is  10��� Gaussian. �' 1 

/�� ,� ��)� �),-+1�,� *%�$%�*+,0 1x  /�� 2x  �� 10��� �/�,%*���,0, +� *%*(1 �3'+1�,� /�� +1 

+,��$��0� ��'/��*�. � ��' /,��,- �%/�' � � $0�1 �� ��'  ,�  -�,: 

 

� � ��
�

�
��
�

� �
��

2

xx
exp
	2

1
x,xp

2
2

2
1

11                (3.15) 

 

� �,�%+1 ���� ! /� ��,+!  �� $-, ��12#) � �� Guassian +1 ���� .� ��),%*�#31 �� * , *(!+� 

3.6. 

 

 
 �
�� 3.6 � �,�%+1 ���� ! /� ��,+!  �� $-, ��12#) � �� guassian +1 ���� .� 

 

 

�, *(!+� 3.6 $10(�1� ' � � �%/�' � � 10��� ��'�% � *%++1 )�/!. ��� �% '  , �'�,, $1� �1)��(1� /�+0� 

���),&,)0� *(1 �/# +1  �" $�1%�-�*1�"  �� * ��.�  ,% *%�$%�*+��,% �0��/� A. �'��  �" 

�),��,-+1��" ��)� !)�*�", , �0��/�" A $1� +�,)10 �� %�,�,��* 10. 

��0*�", +�,)10 �� ��,$1�(�10 ' � � /� ��,+! ,�,�,%$!�, 1 ,)�,�.��,% +1 �*(�+� �*+,- Gaussian 

� �21 x,x  �(1� �/)��."  �� 0$�� /� ��,+! +1  �" +1 ���� �" � �21 x,x , /�� ' � ,� 1x  /�� 2x  10��� 

��12#) � ,�. ��� �% '  , �'�,, * �� �1)0� �*�  �� Gaussian +1 ���� .�, +�,)10 �� �0�1� 1/ 0+�*� 

���  , +,� ��, ICA +'�, +�()� /��  �� �1)0� �*�  ,% ,)�,�.��,% +1 �*(�+� �*+,-. �1 #��� �'���, 

, �0��/�" A $1� 10��� ������)0*�+," ��� Gaussian ��12#) � 1" *%��* .*1". 
�����, * �� 

�)��+� �/' � �, �� +0�  , �,�- ��'  �" ��12#) � 1" *%��* .*1" 10��� guassian,  ' 1  , +,� ��, ICA 

+�,)10 �/'+� /��  ' 1 �� %�,�,��* 10. 
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3.4 ���	�� ����� ��� �������� ICA  

 

3.4.1 )������
 ���������� 

 

�, *�+10, /�1�$0 ���  ,� %�,�,��*+'  ,% +,� ��,% ICA �&,)#  �� +� /��,��/! /� ��,+!  �� 

+1 ���� .� (non-Gaussianity). 	 �� �)��+� �/' � � (�)0" /��'�,%  �� -��)2� non-Gaussianity , 

%�,�,��*+'" $1� 10��� 1&�/ '" /��'�,%. � �),��,-+1�� ��)� !)�*� ��, 1�10 /��  ,� /-)�, �'�, 

 �" ���3��-)�*�"  ,% 1�$��&�),� �" ���  � +1�� �  �" ICA: 	 �� /��**�/! �1�)0�  �" * � �* �/!", 

,�  %(�01" +1 ���� �" �1�),-� �� ' � �(,%� guassian /� ��,+�", ��,/�10,� �" � *� ,�,�1*$!�, 1 

+1�'$,%" �,% *(1 03,� �� +1  �� ICA. 

�, �1.)�+� /1� )�/,- ,)0,% (Central Limit Theorem), ��� /��*�/' ��, ��1*+�  �" �1�)0�" 

�����, ! ��, ���&�)1� ' � � /� ��,+!  ,% ��),0*+� ," ��12#) � ��  %(�0�� +1 ���� .� /�0�1� 

/,� # *1 Gaussian /� ��,+!, /# � %�' ,)�*+��1" *%��!/1". �'��  ,% ��)��#��,  , #�),�*+� $-, 

��12#) � ��  %(�0�� +1 ���� .� �(1� *%�!��" /� ��,+! �,% 10��� ��, /,� # * � Gaussian, *1 

*(�*� +1  �" $-, �)(�/�"  %(�01" +1 ���� �". 

6* � ' �  , $�#�%*+� $1$,+���� x  10��� /� ��1+�+��, *-+&��� +1  , +,� ��, ICA  �" *(�*�" 

(3.4), $���$! ��, 1�10 ��� *%�$%�*+' ��' ��12#) � 1" *%��* .*1". (��� �'�,%" ���' � �", �* � ' � 

'�1" ,� ��12#) � 1" *%��* .*1" �,% ���&�),� �� * �� ��),-*� 1�' � �, �(,%� 0$�1" /� ��,+�"). ��� 

 ,� %�,�,��*+' +0�" 1/  �� ��12#) � �� *%��* �*.�, ()�*�+,�,�10 �� ���" �)�++�/'" *%�$%�*+'" 

 ,% ix  (*(�*� 3.6). 6* � ' � ���
i

ii xwy xwT , '�,% w  10���  , $�#�%*+� �,% �)��1� �� 

�),*$�,)�* 10. �#�  , w ��, 1�10 +0� ��'  �" �)�++�"  ,% �� 0* ),&,%  ,% �0��/� A,  ' 1 �% '" , 

�)�++�/'" *%�$%�*+'" �� ! �� 0*," +1 +0� ��'  �" ��12#) � 1" *%��* .*1". 

� 1). �*� �,%  0�1 ��  .)� 10��� ��" �� +�,),-*1  , �1.)�+� /1� )�/,- ,)0,% �� /��,)0*1�  , w  

.* 1 �� 10��� 0*, +1 +0� ��'  �" �)�++�"  ,% �� 0* ),&,%  ,% �0��/� A. �)�/ �/#, $1� +�,)10 �� 

/��,)�* 10 �/)��." ���  � ,�, w , �'��  ,% ' � $1� %�#)(1� /��'�,% ��.*� *(1 �/# +1  ,� �0��/� 

A, ���# +�,)10 �� �)1�10 ���" 1/ �+� !" �,% �� $0�1� +0� /��! �),*����*�. 

��� �� ��,$1�(�10 ��"  � ��)��#�� ,$��,-� * � ��*�/! �)(!  �" 1/ 0+�*�" +1 ICA, �1�)10 �� � 

�/'�,%�� �����! * �" +1 ���� �", ,)03,� �" wAz T� . �' 1 szAswxw TTT ���y . �, y  10��� 

���" �)�++�/'" *%�$%�*+'"  �� ��12#) � �� *%��* �*.� is , +1 �#)� �,% $0�,� �� ��'  , iz . �0�" 

/��  , #�),�*+� �* � /�� $-, ��12#) � ��  %(�0�� +1 ���� .� 10��� �1)�**' 1), Gaussian ��' ' � 

,� �)(�/�" +1 ���� �",  , szT  10��� �1)�**' 1), Gaussian ��' ,�,��$!�, 1 ��'  �" ��12#) � 1" 

*%��* .*1" is , /�� �0�1 �� /� 5 1�#(�* , Gaussian ' �� �0�1� 0*, +1 /#�,�� ��'  �" is . 	 �� 

 1�1% �0� �1)0� �*�, +'�, ��� ��'  � * ,�(10� iz   ,% z  10��� +� +�$1��/'. (�� 1��*�+���10 2��# 

' � ,� *%��* .*1" is  �1�),-� �� ' � �(,%� ���,+,�' %�1" /� ��,+�") 

��� �% '  , �'�,,  , $�#�%*+� w  +�,)10 �� �1�)��10 �" ��� $�#�%*+�  , ,�,0, �� +1��* ,�,�10  , 

non-Gaussianity  ,% xwT . 6��  � ,�, $�#�%*+� �� �� �* ,�(,-*1 ���)�0 � � (* , 
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+1 �*(�+� �*+��, *-* �+� *%� 1 ��+����) *1 ��� z   , ,�,0, �� �(1� +'�, +0� +� +�$1��/! 

*%��* .*�. �% ' *�+�0�1� ' � � *(�*� szxw TT �  �*,- �� +1 +0� ��'  �" ��12#) � 1" *%��* .*1". 

�1��* ,�,�.� �"  , non-Gaussianity  ,% xwT  ��+�#�1 �� +0� ��'  �" ��12#) � 1" *%��* .*1". �, 

 ,�0, �1� �* ,�,0�*�" ���  , non-Gaussianity * ,� n-$�#* � , (.), ��� $���-*+� � w  �(1� 2n 

 ,��/# +���* �, $-, ��� /#�1 ��12#) � � *%��* .*�, �,% �� �* ,�(10 * � is  /�� is- . ���  �� 1-)1*� 

$��&,)1 �/.� ��12#) � �� *%��* �*.�, �)��1� �� �)1�,-� '��  �  ,��/# +���* �. � 1-)1*�  �� 

 ,��/.� +1�0* �� $1� 10��� $-*/,�� %�'�1*�, ���  , �'�, ' � ,� $��&,)1 �/�" ��12#) � 1" 

+1 ���� �" 10��� +� *%*(1 �3'+1�1". � ���3! �*�  ��  ,��/.� +1�0* �� +�,)10 �#� � �� 

�1)�,)031 �� *1 $�#* �+� �,% $0�1� 1/ �+!*1�" �,% $1 *%*(1 03,� �� +1  �" �),��,-+1�1". � 

$��$�/�*0� �% !, �� �* ,�(10 * �� ,)�,����,�,0�*� *1 ��� /� #����� +1 �*(�+� �*+��, ($���$!  

whitened) $�#* �+�. 

 

 

3.4.2 )���
��� 	�����	������ 	������
� 

 

��� �� �0�1� ()!*�  �" non-Gaussianity ���  �� 1/ 0+�*� ICA �)��1� �� %�#)(1� ��� �,*, �/' 

/)� !)�,  �" non-Gaussianity ��� +0�  %(�0� +1 ���� ! �* � y . ��� ���,�,0�*�, �* � ' � � 

+1 ���� ! y  10��� /1� )�)�*+��� (centered, $���$! �(1� zero mean) /�� �(1� $��/-+��*� 0*� +1  � 

+,�#$�. 

�� $-, /)� !)��  �" non-Gaussianity 10��� ,� Kurtosis /��  Negentropy,  � ,�,0� ����-,� �� * � 

*%��(1��. 

 

3.4.2.1 )����� 

 

�, /��*�/' /)� !)�, ���  �� 1/ 0+�*�  �" /��,��/' � �" 10��� � /-) �*� ! , ��),�* !"  4�"  #2�". � 

/-) �*�  ,% y  ,)031 �� �" 

� � � � � �� �224 yE3yEykurt ��                (3.16) 

 

�&,- �(1� %�, 1�10 ' �  , y  �(1� +,��$��0� $��/-+��*�,  ' 1  , $120 +�),"  �" *(�*�" (3.16) 

���,�,�10 �� *1 � � 3yE 4 � . �% ' $10(�1� ' � � /-) �*� 10��� +0� /��,��/,�,��+��� 1/$,(!  ,% 4,% 

* ��+�' %�,%  ,% � �4yE . ��� +0� Gaussian +1 ���� ! y ,  , 4, * ��+�' %�, �*,$%��+10 +1 

� �� �22yE3 . ��� �% '  , �'�,, � kurtosis 10��� +�$1��/! ��� +0�  %(�0� Gaussian +1 ���� !. ���  �" 

�1)�**' 1)1" ('(� '+�" ��� '�1") non-Gaussian  %(�01" +1 ���� �", � kurtosis 10��� +� +�$1��/!. 

� kurtosis +�,)10 �� 10��� 10 1 �1 �/! 10 1 �)�� �/!. ��  %(�01" +1 ���� �" �,% �(,%� �)�� �/! 

kurtosis /��,-� �� sub-Gaussian /�� �% �" �,% �(,%� �1 �/! /-) �*� /��,-� �� super-Gaussian. �� 

super-Gaussian  %(�01" +1 ���� �" �(,%� *%�!��" ��� “��/��� '” (�(1� �,���" /,)%&�") pdf +1 

“��)��" /,)%&�"”, $���$!  , pdf 10��� *(1 �/# +1�#�, * , +�$�� /�� ��� +1�#�1"  �+�"  �" 



 43 

+1 ���� !", 1�. 10��� +�/)' ��� 1�$�#+1*1"  �+�". 6��  %��/' ��)#$1��+� 10��� � /� ��,+! Laplace, 

 , pdf  �" ,�,0�", ��),%*�#31 �� * , *(!+� 3.7 $0�1 �� ��'  ,�  -�,: 

 

� � � �y2exp
2

1
yp �                (3.17) 

 

 

 �
�� 3.7 � *%�#) �*� �%/�' � �"  �" /� ��,+!" Laplace, �,% ��, 1�10 +0� super-Gaussian /� ��,+!. ��� 
�'�,%" *-�/)�*�" ��),%*�#31 �� +1 $��/1/,++��� �)�++! � Gaussian �%/�' � �. ��� ,� $-, 
�%/�' � 1" 10��� /��,��/,�,��+��1" +1 +,��$��0� $��/-+��*� 

 

��'  �� #��� +1)�#, ,� sub-Gaussian  %(�01" +1 ���� �" �(,%�  %��/# ��� “1�0�1$,” pdf,  , ,�,0, 

10��� *(1 �/# * ��1)' /,� # * , +�$��, /�� �,�- +�/)' ��� +1���- 1)1"  �+�"  �" +1 ���� !". 6�� 

��)#$1��+� 10��� �% '  �" ,+,�'+,)&�" /� ��,+!"  �" *(�*�" (3.7). 

�%��/#, � non-Gaussianity +1 )�� �� ��'  �� ��'�% �  �+!  �" /-) �*�", �� /�� +�,)10 �� 

()�*�+,�,���10 /��  ,  1 )#���,  �" /-) �*�". ���  � $-, 10��� +�$�� ��� +0� Gaussian +1 ���� !, 

/�� +1���- 1)�  ,% +�$1�'" ���  �" �1)�**' 1)1" non-Gaussian +1 ���� �". 

� /-) �*�, ! /��- 1)� � ��'�% �  �+!  �", �(1� ()�*�+,�,���10 1%)��" �" /)� !)�,  �" non-

Gaussianity * �� ICA /�� *1 #��� *(1 �/# �1$0�. � /-)�," �'�,"  �" 1%)10�" ()!*�"  �", �&,)#  �� 

���' � �  �",  '*, %�,�,��* �/! '*, /�� �1�)� �/!. �,�,��* �/#, � kurtosis +�,)10 �� %�,�,��* 10 

���# +1 ()!*�  ,% 4,% * ��+�' %�,%  �� $1$,+����. � �1�)� �/! ��#�%*� ���,%* 1-1 �� �'��  �" 

�/'�,%��" �$�' � �"  �" �)�++�/' � �". �#�  1x  /�� 2x  $-,  %(�01" ��12#) � 1" +1 ���� �",  ' 1 

�� �*(-,%�  � 12!": 

� � � � � �2121 xkurtxkurtxxkurt ���                (3.18) 

/�� 

� � � �1
4

1 xkurtaaxkurt �  , '�,% a  ���" ���+� '" �)��+'".         (3.19)  

 

���  �� ��),%*0�*� 1�'" ���,- ��)�$10�+� ,"  ,% ��" +,�#31� � $��+')&�*� ���  � /-) �*�, /�� 

��" +�,),-� �� �)1�,-� ,� ��12#) � 1" *%��* .*1" +1 ()!*�  �" /-) �*� +1 1��(�* ,�,0�*� ! 

+1��* ,�,0�*�, �" �1�)��10 ��� 2$�#* � , +,� ��,  �" +,)&!" Asx � . 



 44 

6* � ' � ,� ��12#) � 1" *%��* .*1" 1s  /�� 2s  �(,%�  �+�" kurtosis � �1skurt  /�� � �2skurt  

�� 0* ,�(�, �,% 10��� /�� ,� $-, $��&,)1 �/�"  ,% +�$1�'" /�� �(,%� +,��$��01" $��/%+#�*1�". �% ' 

�,% ���3� 10 �� 10��� � 1-)1*� +0�" 1/  �� ��12#) � �� *%��* �*.� �,% 10���  �" +,)&!" 

xwT�y . 

6* � , +1 �*(�+� �*+'" (�,% 10(1 �)��+� ,�,���10 /�� *1 �),��,-+1�� 1�' � �) wAz T� . �' 1 

���  , y  �� �*(-1� ' � 2211 szszy ����� szAswxw TTT . �1 �#*�  �� �),*�1 �/! �$�' � �  �" 

/-) �*�", �*(-1� ' �  

� � � � � � � � � �2
4
21

4
12211 skurtzskurtzszkurtszkurtykurt ����              (3.20) 

 

��'  �� #��� +1)�#, %�#)(1� , �1)�,)�*+'" �,%  ���/1 �),��,%+���", ' � � $��/-+��*�  ,% y  10��� 

0*� +1 1, %�'�1*� �,% ��*031 �� * �� 0$�� �� 0��4� �,% �&,)#  �" *%��* .*1" 1s  /�� 2s . �% ! � 

��)� !)�*� *%�1�#�1 �� ���� �1)�,)�*+' * , z : � � 1zzyE 2
2

2
1

2 ��� . �1�+1 )�/#, �% ' *�+�0�1� 

' �  , $�#�%*+� z  �1)�,)031 �� * ,� +,��$��0, /-/�, * , 2$�#* � , 1�0�1$,. 

�, �)'���+�  �" �1� �* ,�,0�*�" ��#�1 ��  .)� * , 12!" �)'���+�: �,�� 10���  � +���* �  �" 

*%�#) �*�" � � � � � �2
4
21

4
1 skurtzskurtzykurt ��  �#�� * , +,��$��0, /-/�,; ��� ���' � � +�,)10 �� 

�1�)��10 ' � � kurtosis 10��� ��'  , 0$�, *!+�, /�� � *� +�,),-� �� ��&�,-� ,� *%� 1�1* �"  �" 

��'�% �"  �+!"  �". �, �)#&�+� �% !"  �" *%�#) �*�" 10���  , �1$0, �1� �* ,�,0�*�" (optimization 

landscape) ��� �% '  , �)'���+�. 

�1� 10��� $-*/,�, �� $1�(�10 ' �,  � +���* � �)0*/,� �� * � *�+10�, '�,% �/)��." ��� ��'  � 

* ,�(10�  ,% $���-*+� ," z  10��� +�$�� /��  , #��, +� +�$1��/'. �2�� 0�"  ,% �1)�,)�*+,-  ,% 

+,��$��0,% /-/�,%,  , +� +�$1��/' * ,�(10, �)��1� �� 10��� 0*, +1 1 ! -1. ���# �% #  � *�+10� 10��� 

�/)��." �% # * � ,�,0�  , y  �*,$%��+10 +1 +0� ��'  �" ��12#) � 1" *%��* .*1" is* , /��  , 

�)'���+� �(1� �%�10. 

�)�/ �/#, � �)(! �)��1� �� �0�1� +1 ��� weight vector $�#�%*+� w , /�� 1� *%�1(10� �� %�,�,��* 10 � 

$�1-�%�*� *-+&��� +1  �� ,�,0� � /-) �*�  ,% y , xwT�y  �%2#�1 �� $%��+�/# (� /-) �*� 10��� 

�1 �/!) ! 1��  .�1 �� $%��+�/# (� /-) �*� 10��� �)�� �/!), +1  � �,!�1��  ,% $����*�+,% $10�+� ," 

� � � �T,...,1 xx   ,% *%�$%�*+��,% $���-*+� ," x  /�� ()!*� +0�" ���+� !" +1�'$,% ���  �� 1-)1*� 

 ,% ��,% $���-*+� ," w . 

�, ��)��#�� ��)#$1��+� +�,)10 �� �1��/1% 10 *1 �%��0)1 � 1���1�+��1" $��* #*1�", ��,$1�/�-,� �" 

� *� ' � � /-) �*� +�,)10 �1�)� �/#, �� ()�*�+,�,���10 �" /)� !)�, �1� �* ,�,0�*�" ��� ��� 

�)'���+� ICA. 

��)'�� �% #, � /-) �*� �(1� /�� ,)�*+��� �)�/ �/# +1�,�1/ !+� �, ' �� �  �+!  �" �)��1� �� 

%�,�,��* 10 ��' ��� +1 )�+��, $10�+�. �, /-)�, �)'���+� 10��� ' � � /-) �*� +�,)10 �� 10��� �,�- 

1%�0*�� � *1 ��,+�/)%*+��,%" ��)#�,� 1". �  �+!  �" +�,)10 �� 12�) # �� +'�, ��' �0�1" 

��)� �)!*1�"  �� /,)%&.�  �" /� ��,+!", ,� ,�,01" +�,)10 �� 10��� �����*+��1" ! #*(1 1" 

��)� �)!*1�". �1 #��� �'���, � /-) �*�, $1� ��, 1�10 ��� $%�� ' /)� !)�, ���  � non-Gaussianity. 
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��)� ��'  � kurtosis, %�#)(,%� /�� #��� /)� !)��  �" non-Gaussianity  � ,�,0� 1�$�(1 �� �� 10��� 

/��- 1)� ��'  � kurtosis. 	 �� 1�'+1�� 1�' � � �� +1�1 ��10  , /)� !)�,  �" Negentropy,  �" 

,�,0�" ,� �$�' � 1" 10��� *(1$'� ,� �� 0�1 1" ��' �% �"  �" kurtosis. 	 �� 1�' � � 3.4.2.2 

��),%*�#3,� �� �),*1��0*1�"  �" negentropy, �,% *%�$%#3,%�  �" “/���"” �$�' � 1" /��  �� $-, 

/)� �)0��. 

 

3.4.2.2 +�����	
 "������� 

 

6�� $1- 1), �)/1 # *�+�� �/' /)� !)�, +� )�*�"  �" non-Gaussianity $0�1 �� ��'  �� �)�� �/! 

1� ),�0� (negentropy). � negentropy ��*031 ��  * �� �1�)� �/! �,*, �/! ���),&,)0�  �" 

($��&,)�/!") 1� ),�0�". 

� 1� ),�0� 10��� � ��*�/! �)(!  �" �1�)0�" ���),&,)�.�. � 1� ),�0� +0�"  %(�0�" +1 ���� !" 

+�,)10 �� $�1)+��1% 10 �" , ���+'" ���),&,)0�" �,% $0�1� � ��)� !)�*�  �" +1 ���� !". :*, ��, 

 %(�0�, $���$! '*, ��, ���' 1), �),���4�+� /�� ��,)�#�� � 10��� +0� +1 ���� !,  '*, ��, +1�#�� 

10��� � 1� ),�0�  �". ��, �%* �)#, � 1� ),�0� 10��� * 1�# *%�$1$1+��� +1  � /�$0/1%*�  ,% +!/,%" 

 �"  %(�0�" +1 ���� !", /�� -* 1)� ��' ,)�*+��1" %�,��*1�", � 1� ),�0� 10��� � /�$�/,�,0�*�  ,% 

+!/,%" +0�"  %(�0�" +1 ���� !". 

��� +0� $��/)� !  %(�0� +1 ���� ! Y , � 1� ),�0�  �" H  ,)031 �� ��'  ,� �/'�,%�,  -�,: 

 

� � � � � �� ����
i

ii aYPlogaYPYH               (3.21) 

 

, '�,%  � ia  10��� ,� ������"  �+�"  �" +1 ���� !" Y . �% '" , ,)�*+'" +�,)10 �� �1��/1% 10 ��� 

 %(�01" +1 ���� �" /�� $���-*+� � *%�1(,-"  �+!", /�� *1 �% !  � �1)0� �*� /��10 �� $��&,)�/! 

1� ),�0�. � $��&,)�/! 1� ),�0� H  1�'"  %(�0,% $���-*+� ," y   �%/�' � �" � �yf  ,)031 �� �" 

12!": 

� � � � � ���� yyy dflogfYH                (3.22) 

 

6�� �1+1��.$1" ��, ��1*+�  �" �1�)0�"  �" ���),&,)0�" 10��� ' � +0� Gaussian +1 ���� ! �(1�  � 

+1���- 1)� 1� ),�0� +1 �2- '���  ��  %(�0�� +1 ���� .� �*,$-��+�" $��/-+��*�". �% ' *�+�0�1� 

' � � 1� ),�0� �� +�,),-*1 �� ()�*�+,�,���10 �" ��� /)� !)�,  �" non-Gaussianity. 	 �� 

�)��+� �/' � �, �% ' $10(�1� ' � � Gaussian /� ��,+! 10��� � “��,  %(�0�” ! � ���' 1), $,+�+��� 

��' '�1"  �" %�'�,��1" /� ��,+�". � 1� ),�0� 10��� +�/)! ��� /� ��,+�" �,% 10��� 21/#��)� 

*%�/1� )�+��1" *1 *%�/1/)�+��1"  �+�", $���$! ' �� � +1 ���� ! 10��� 21/#��)� ,+�$,�,��+���, ! 

�(1� ��� pdf  , ,�,0, 10��� �,�- “��/��� '” (+1 �,���" /,)%&�"). 

���  � �!4� 1�'" /)� �)0,% ��� non-Gaussianity  , ,�,0, �� 10��� +�$�� ��� +0� Gaussian +1 ���� ! 

/�� 10��� ��� ,- +� �)�� �/', +�,)10 �� ()�*�+,�,���10 +0� ���,�,��+���  ),�,�,��+��� 1/$,(! 

 ,% ,)�*+,-  �" $��&,)�/!" 1� ),�0�", � ,�,0� /��10 �� negentropy. � Negentropy J  ,)031 �� �" 

�/,�,-��": 
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� � � � � �yyy HHJ �� gauss                (3.23) 

'�,% gaussy  10��� +0�  %(�0� Gaussian +1 ���� ! �,% �(1�  ,� 0$�, covariance �0��/� �,% �(1� /��  , 

$�#�%*+�  y . �'��  ,� �),���&1)��� �� �$�, ! ��, � negentropy 10��� �#� � +� �)�� �/!, /�� 10��� 

+�$�� +'�, * �� �1)0� �*� �,%  , y  �(1� Gaussian /� ��,+!. � negentropy �(1� /�� +0� �)'*�1 � 

1�$��&�),%*� �$�' � �, �,% ��1� ' � 10��� * ��1)! ��� �� �* )�4�+,%" �)�++�/,-" 

+1 �*(�+� �*+,-". 

�, ��1,��/ �+�  �" ()!*�"  �" negentropy ! �*,$-��+�  �" $��&,)�/!" 1� ),�0�", �" /)� !)�, 

+� )�*�"  �" non-Gaussianity 10��� ' � $�/��,�,�10 �� �)/1 # /��# ��'  � * � �* �/! �1�)0�. 	 �� 

�)��+� �/' � �, � negentropy 10��� /� # /#�,�,  )'�, , /� �����' 1)," 1/ �+� !"  �" non-

Gaussianity, 1#� %�#)(,%� * � �* �/�" �$�' � 1". �, �)'���+�  �" ()!*�"  �" negentropy, ��/1� �� 

* , ' � 10��� �)/1 # $-*/,�� %�,�,��* �/#. � %�,�,��*+'"  �" negentropy +1 ()!*�  ,% ,)�*+,- �� 

���� ,-*1  ,� %�,�,��*+'-1/ 0+�*� (�����'� +� ��)�+1 )�/#)  ,% pdf. ��� �% '  , �'�, 

�), �+,-� �� ��, ����" �),*1��0*1�"  �" negentropy, �,% 10��� �)/1 # ��, 1-/,�1" %�,�,��* �/# /�� 

120*,% /���". �1)�/�" �),*1��0*1�"  �" negentropy ��),%*�#3,� �� * �� 1�' � � �,% �/,�,%�10. 

 

3.4.2.3 !��������� ��� ������	
� ��������� 

 

:��" ���&�)��/1 /�� �),��,%+���", %�,�,��*+'"  �" negentropy 10��� �)/1 # $-*/,�,", /�� ��� 

�% '  , �'�, � �� ���)�����'+1�� *%�#) �*� (contrast function) �% ! ��)�+��1� /%)0�" * � 

�1�)0�. �)�/ �/#, ()�*�+,�,�,-� �� ,)�*+��1" �),*1��0*1�"  �" negentropy, �,% ��),%*�#3,%� 

/#�,�1" �)/1 # %�,*('+1�1" �$�' � 1" /�� �� ()�*�+,�,���,-� * � *%��(1�� ���  �� ��)����! +0�" 

��,$, �/!" +1�'$,% ���  �� ICA. 

� /��*�/! +��,$," ���  �� �),*����*�  �" negentropy 10��� � ()!*� * ��+�' %��� %4��' 1)�" 

 #2�", '��" ��� ��)#$1��+�  � �/'�,%��: 

 

� � � � � �223 ykurt
48

1
yE

12

1
yJ �+                (3.24) 

 

�  %(�0� +1 ���� ! y  �1�)10 �� ' � �(1� zero mean /�� +,��$��0� $��/-+��*�. ��)'�� �% #, � 

1�/%)' � �  � ,�,% 10$,%" �),*1��0*1�� �)��1� �� 10��� �)/1 # �1)�,)�*+���. 	%�/1/)�+���, �% �" 

,� �),*1��0*1�" %�,&�),%� ��'  � *�1��)' � � �,% *%��� # �� +�30 +1  �� kurtosis. 

���  �� ��,&%�!  �� �),���+# �� �,% *%��� ,-� �� * �" �),��,-+1�1" �),*1��0*1�"  �" 

negentropy, ���� -(��/�� ��1" �),*1��0*1�" (Hyvärinen 1998). �� �),*1��0*1�" �% �" ��*03,� �� 

* �� �)(!  �" +���* �" 1� ),�0�", /�� ��),%*�#3,� �� * �� �/'�,%�� *(�*�: 

 

� � � �� � � �� �� ��
�

�+
p

1i

2
iii vGEyGEkyJ               (3.25)  
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'�,% ik  10��� /#�,�1" �1 �/�" * ��1)�", /�� v  10��� +0� Gaussian +1 ���� ! +1 zero mean /�� 

+,��$��0� $��/-+��*� /�� ,� *%��) !*1�" iG  10��� ,)�*+��1" +�  1 )�����/�" *%��) !*1�". �� 

*�+1���10 ' � �/'+� /�� *1 �1)�� .*1�" '�,% � �),*����*� �% ! $1� 10��� �,�- �/)��!", � *(�*� 

(3.25) +�,)10 �� ()�*�+,�,���10 ���  �� /� �*/1%! 1�'" /)� �)0,% +� )�*�"  �" non-Gaussianity,  , 

,�,0, �� 10��� *%�1��" +1  �� ���,�� ' � �� 10��� ��� ,- +� �)�� �/' /�� 0*, +1  , +�$�� 1#�  , y  

�(1� Gaussian /� ��,+!. 

	 �� �1)0� �*� �,% �0�1 �� ()!*� +'�, +�  1 )�����/.� *%��) !*1�� G , � �),*����*� ��0)�1�  � 

��)�/# � +,)&!: 

� � � �� � � �� �� �2vGEyGEyJ ��                (3.26) 

 

,'�,% G  +0� ,�,��$!�, 1 +�  1 )�����/! *%�#) �*�. � ��)��#�� *(�*� ��, 1�10 21/#��)� +0� 

�1�0/1%*�  �" ��*�*+���" *1 * ��+�' %�� �),*����*�"  �" *(�*�" (3.24), 1#�  , y  10��� *%++1 )�/'. 

�)#�+� �, ��0)�,� �" � � 4yyG � , +�,)10 �� ��&�10 �/)��." � *(�*� (3.24), $���$! +0� �),*����*� 

�,% ��*031 �� * � kurtosis. 

�, ��+� 10��� ' � 1�����,� �"  �� /� #����� G , +�,),-� �� ��&�,-� �),*1��0*1�"  �" negentropy 

,� ,�,01" +�,)10 �� 10��� �)/1 # /��- 1)1" ��' �% �" �,% ��+�#�,� �� +1 �#*�  � *(�*� (3.24). ��, 

*%�/1/)�+���, �� 1���1(�10 *%�#) �*� G  �,% $1 +1���.�1� �,�- �)!�,)�,  ' 1 12�*&��03,� �� 

�)/1 # $%�� �" 1/ �+!*1�". 

�� �/'�,%�1" 1���,��"  �� *%��) !*1�� G �(,%� ��,$1�(�10 �,�- ()!*�+1": 

 

� � uacoshlog
a

1
uG 1

1
1 �   , � � � �2

uexpuG
2

2 ���                 (3.27)  

 

,'�,% 2a1 1 $$ , 1a  +0� /� #����� * ��1)#. 

�1  �� 1���,�!  �� /� #������ G , +�,),-� �� 12�*&���* ,-� �),*1��0*1�"  �" negentropy �,% 

$0�,%� �,�- /��,-" *%+����*+,-" +1 �2-  �� �$�, ! ��  �� $-, /��*�/.� /)� �)0�� +� )�*�"  �" 

non-Gaussianity �,% $0�,� �� ��'  �" kurtosis /�� negentropy. �� �),*1��0*1�" �,% ��),%*�#* �/�� 

10��� %�,�,��* �/# ����", �)!�,)1" * ,%" %�,�,��*+,-" /�� �(,%� �/���" * � �* �/�" �$�' � 1". ��� 

�% '  , �'�,, �0�1 �� ()!*� �% .�  �� �� ���)�����'+1��� *%��) !*1�� (contrast functions) * �" 

+1�'$,%" ICA. �&,- � kurtosis +�,)10 �� 1/&)�* 10 * , 0$�, ���0*�,, +�,)10 /#���* � �� 

()�*�+,�,���10 * �" +1�'$,%" ICA. 

 

 

3.4.3 +������� ���������� 

 

�0� #��� �),*����*� ���  ,� %�,�,��*+'  �" ICA, 10��� � 1��(�* ,�,0�*�  �" /,��!" – �+,���0�" 

���),&,)0�". 	 �" %�,1�' � 1" �,% �/,�,%�,-� �� ����%�10 � �),*����*� �% ! /�� �� ��,$1�(�10 
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' � ,$��10 * �� 0$�� �)(!  �" 1-)1*�"   �� �1)�**' 1)�� non-Gaussian $�1%�-�*1�� '��" 

�1)��)#&�/1 �),��,%+���". 

 

 

3.4.3.1 0����� 

 

�1 ()!*�  �" �)(!"  �" $��&,)�/!" 1� ),�0�", ,)031 �� � /,��! ���),&,)0� (mutual information) I  

+1 �2-  �� m (���+� .�)  %(�0�� +1 ���� .�, m...1i,yi �  , �" �/,�,-��": 

 

� � � � � �yHyHy,...y,yI
m

1i
im21 ���

�

               (3.28) 

 

� /,��! ���),&,)0� ��, 1�10 ��� &%*�/' /)� !)�,  �" ��12�) �*0�" +1 �2-  %(�0�� +1 ���� .�. 

	 �� �)��+� �/' � �, 10��� �*,$-��+� +1  � ���* ! ��'/��*�  �� Kullback-Leibler +1 �2-  �" ��' 

/,��,- �%/�' � �" � �yf  /��  , ��)#���,  �� ,)��/.� �%/�, ! ��, �,% ��, 1�10 ��� �,�- &%*�/' 

/)� !)�, +� )�*�"  �" ��12�) �*0�". 

�0��� �#� , 1 +� �)�� �/!, /�� +�$1��/! �� /�� +'�, �� ,� +1 ���� �" 10��� * � �* �/# ��12#) � 1". 

��� �% '  , �'�,, � /,��! ���),&,)0� ��+�#�1� %�'4� '��  � $,+! 12#) �*�"  �� +1 ���� .� /�� 

'(� +'�,  , ���'+1�, ��'/��*�" (covariance). 

� /,��! ���),&,)0� +�,)10 �� $�1)+��1% 10 +1 ()!*�  �" 1)+��10�"  �" 1� ),�0�" �"  � 

/�$�/,�,0�*�  ,% +!/,%". �� '),� � �iyH  $0�,%�  � +!/�  �� /�$�/,�,�!*1�� ���  , iy , ' �� �% # 

�(,%� /�$�/,�,���10 21(�)�* # /�� , ')," � �yH  $0�1�  , +!/,"  �" /�$�/,�,0�*�", ' ��  , y  �(1� 

/�$�/,�,���10 �" ���  %(�0, $�#�%*+�, $���$! '�1" ,� *%��* .*1"  ,% �(,%� /�$�/,�,���10 +1  ,� 

0$�, /.$�/�. 

� /,��! ���),&,)0� $10(�1� �,�� +10�*� * , +!/,"  �" /�$�/,�,0�*�" ��+�#�1 �� ��'  �� 

/�$�/,�,0�*� '�,%  ,% $���-*+� ," �� 0  �� 21(�)�* .� *%��* �*.�. �1��/#, /��- 1),� /.$�/1" 

��+�#�,� �� ��' /�$�/,�,0�*� '�,%  ,% $���-*+� ,". ��)'�� �% #, ��  � iy  10��� ��12#) � �, $1� 

$0�,%� ���),&,)01"  , ��� * , #��,, /�� � *� +�,)10 �� /�$�/,�,���,-� 120*,% /��# ,� +1 ���� �" 

21(�)�* # (�)0"  �� �-2�*�  ,% +!/,%" /�$�/,�,0�*�". 

�0� *�+�� �/! �$�' � �  �" /,��!" ���),&,)0�" 10��� ' � ��� ���� �� �* )�4�+, �)�++�/' 

+1 �*(�+� �*+' Wxy �  +�,)10 �� 12�(�10 � �/'�,%�� *(�*�: 

 

� � � � � � Wx detlogHyHy,...y,yI
i

in21 ����               (3.29) 

 

�.)�, �� 121 �* 10 � �1)0� �*� '�,% �1)�,)03,� ��  � iy , �� 10��� +� *%*(1 �3'+1�� /�� �� �(,%� 

+,��$��0� $��/-+��*�. �% ' *�+�0�1� ' �: � � � � IWxxWyy �� TTT EE ,  , ,�,0, *%�1�#�1�  �� 

�/'�,%�� *(�*�: 
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� �� �TTEdetdet WxxW1I ��  

� � � �� �� �TT detEdetdet WxxW�                          (3.30) 

 

� *(�*� (3.30) ,$��10 * , *%+��)�*+� ' �  , W  �)��1� �� 10��� * ��1)'. ������,� ���  � iy   �" 

+,��$��0�" $��/-+��*�", � 1� ),�0� /�� � negentropy $��&�),%� +'�, ��' +0� * ��1)# /��  , 

*-+�,�,. 6 *� ��'  � �),��,-+1�� 12#�1 �� � �/'�,%�� *(�*�: 

 

� � � ����
i

in21 yJCy,...,y,yI                (3.31) 

 

'�,% C  10��� +0� * ��1)# �,% $1� 12�) # �� ��'  , W . � *(�*� (3.31) $10(�1�  � ��*�/! *(�*� 

+1 �2-  �" negentropy /��  �" /,��!" ���),&,)0�". 

 

 

3.4.3.2 0��7����� ��� ICA ��� ��� �������� ���������� 

 

�0�" /�� � /,��! ���),&,)0� ��, 1�10  , &%*�/' /)� !)�, ��12�) �*0�" ���  %(�01" +1 ���� �", 

+�,)10 �� ()�*�+,�,���10 �" /)� !)�, 1-)1*�" ���  , +1 �*(�+� �*+' ICA. 	1 �% !  � �),*����*�, 

�,% ��, 1�10 1�����/ �/! * , +,� ��,  �" %�,�,��* �/!" �),*����*�", ,)031 �� � ICA 1�'"  %(�0,% 

$���-*+� ," x , �" ���" �� �* )�4�+," +1 �*(�+� �*+'" '��" �% '"  �" *(�*�" (3.6), '�,% , 

�0��/�" W  /��,)031 �� +1  � ,�,  )'�,, .* 1 � �+,���0� ���),&,)0�  �� +1 �*(�+� �*+���� 

*%��* �*.� is  �� 1��(�* ,�,�10 ��. 

�0��� �),&���" ��'  � *(�*� (3.31) ' � � 1-)1*� 1�'" �� �* )�4�+,% +1 �*(�+� �*+,- W  �,% 

1��(�* ,�,�10  �� /,��! ���),&,)0� 10��� �1)0�,% �*,$-��+, +1  �� 1-)1*� $�1%�-�*1�� * �" ,�,01" 

� negentropy +1��* ,�,�10 ��. �/'+� ��, �/)���* 1)�, 10��� �1)0�,% �*,$-��+� +1  �� 1-)1*� 1D 

%�,$��* �+# ��,  � ,�� .* 1 ,� �),�,��" *1 �% .� �(,%� +���* � negentropy. �%* �)# +��.� �", � 

*(�*� (3.31) $10(�1� ' � � 1/ 0+�*� ICA +1 1��(�* ,�,0�*�  �" �+,���0�" ���),&,)0�" �*,$%��+10  

+1  � +1��* ,�,0�*�  ,% ��),0*+� ,"  �� non-Gaussianities  �� 1/ �+!*1��, ' �� ,� 1/ �+!*1�" 

�% �" �(,%� �1)�,)�* 10 * , �� 10��� +� *%*(1 �3'+1�1". � �1)�,)�*+'"  ,% +� *%*(1 �*+,- $1� 10��� 

���)�0 � ,", ���# ���,�,�10 *�+�� �/#  ,%" %�,�,��*+,-", 1�� )��,� �" � *� �� ()�*�+,�,���10 � 

��, ���! *(�*� (3.31) �� 0 �� �0�1� ()!*�  �" ��, �,�-��,/�" +,)&!"  �" *(�*�" (3.29). 

�'��  �� �),��,-+1���, *%+�1)�0�1 �� ' � � ICA �" 1��(�* ,�,0�*�  �" /,��!" ���),&,)0�" $0�1� 

�/'+� +�� $�/��,�,�0� ��� 0 10��� �/��! � �$��  �" 1-)1*�"  �� ��. � �� non-Gaussian $�1%�-�*1��. 
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3.4.4 "	����� ��� ������� ��,���������� 

 

3.4.4.1 & ��,��������� 

 

�0� �,�- $�+,&��!" �),*����*� ���  ,� %�,�,��*+'  ,% +,� ��,% ICA, 10��� � 1/ 0+�*�  �" 

+���* �" �����,&#�1��" (maximum likelihood estimation), � ,�,0� 10��� * 1�# *%�$1$1+��� +1  �� 

�)(! infomax. 	 �� 1�' � � �% ! +1�1 # �� �% ! � �),*����*� /�� ��,$1�/�-1 �� ' � 10��� ,%*��$." 

�*,$-��+� +1  � �),*����*�  �" 1��(�* ,�,0�*�"  �" �+,���0�" ���),&,)0�". 

�0��� �����' �� $�� %���10 #+1*� � �����' � � * , +,� ��, ICA (�)0" �')%�, (Pharm, Garrat and 

Jutten 1992), /�� 1� *%�1(10� �� %�,�,��* 10  , +,� ��, +1 +0� +��,$, +���* �" �����' � �". 

���.�,� �" �" � �Tn1 ,...,wwW � ,  ,� �0��/� 1�A ,  ' 1 � log-likelihood �� �#)1�  �� �/'�,%�� 

+,)&!: 

� �� ���
��

��
n

1i

T
ii

T

1i

detlogTtflogL Wxw                           (3.32) 

 

,'�,% if  10��� ,� *%��) !*1�" �%/�' � �"  �� is  (1$. �1�),-� �� ���* #), /�� � � ,...,T1t,t �   x  

10��� ,� “�)��+� ,�,�!*1�"” (realizations)  ,% x . � ')," Wdetlog  * � *(�*� (3.32) �),/-� 1� 

��'  ,� /��*�/' /��'�� ��� (�)�++�/' � �) +1 �*(�+� �*+'  ��  %(�0�� +1 ���� .� /��  �� 

�%/�, ! ��  ,%". �1��/.", ��� ,�,�,$!�, 1  %(�0, $�#�%*+� x  +1 �%/�' � � xp  /�� ��� /#�1 

�0��/� W , � �%/�' � �  ,% Wxy �  $0�1 �� ��'  � *(�*� � � 11
x detyp �� WW . 

 

 

3.4.4.2  ����� �� ��� �������� ���������� 

 

��� �� &��1)��10 � *-�$1*� +1 �2-  �" �����,&#�1��" /��  �" /,��!" ���),&,)0�", �)��1� �� ��&�10 

%�'4� � �)'��14�  �" �,��)��+�/!" �����,&#�1��", � ,�,0� $0�1 �� ��'  � *(�*� �,% �/,�,%�10: 

 

� � � �� � Www detlogflogELE
T

1 n

1i
ii ���

�

�                           (3.33)  

 

	 �� �)��+� �/' � �, 1#�  � if  ! �� 0*� +1  �" �)��+� �/�" /� ��,+�"  �� xwT
i ,  ' 1 , �). ," 

'),"  �" *(�*�" (3.33) �� ! �� 0*," +1 � ��� i

T
iH xw . 6 *� � �����' � � �� ! �� 0*�, +�()� /�� +0� 

�),*�1 �/! * ��1)#, * �� �)�� �/!  �" /,��!" ���),&,)0�" �,% $0�1 �� ��'  � *(�*� (3.29). 

	 �� �)#2�, � *-�$1*� �% ! 10��� �/'+� ��, $%�� !. �% ' ,&10�1 �� �'��  ,% ' � * �" �)�/ �/�" 

1&�)+,��", $1� %�#)(1� ��.*�  �� /� ��,+.�  �� ��12#) � �� *%��* �*.�. �0� �,��/! 

�),*����*� �� ! �� , %�,�,��*+'"  �" �%/�' � �"  �� xwT
i , �" +�),"  �" %�,�,��* �/!" +1�'$,% 
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ML (Maximum Likelihood), /�� � +1 ��1� � ()!*�  ,% �" �),*����*�  �" �%/�' � �"  ,% is . 	1 

�% !  � �1)0� �*�, � �����' � � /�� � /,��! ���),&,)0� �1�),-� �� ��� '�,%"  ,%" �)�/ �/,-" 

*/,�,-", �*,$-��+1". 

��)'�� �% #, %�#)(1� +0� +�/)! $��&,)# � ,�,0� +�,)10 �� 10��� �,�- *�+�� �/! /� #  �" �)�/ �/�" 

1&�)+,��". �, �)'���+� +1  �� 1/ 0+�*�  �" +���* �" �����' � �" 10��� ' � ,� �%/�' � 1" if  �)��1� 

�� �(,%� %�,�,��* 10 *�* #. ��,)10 �� +� ()1�#31 �� �� �(,%� %�,�,��* 10 +1 �#)� �,�- �/)0�1��. 

	 � �)��+� �/' � � 10��� �)/1 ' �� %�,�,��* 10 1#� 10��� sub-Gaussian ! super-Gaussian. 	1 �,���" 

�1)�� .*1�", %�#)(1� �),��,-+1�� ��.*�  �� ��12#) � �� *%��* �*.� /�� $1 ()1�#31 �� �� 

%�,�,��* 10 � &-*�  ,%" ��'  � $1$,+���. 	1 /#�1 �1)0� �*�, 1#� ,� ���),&,)01" �#�� * � &-*� 

 �� ��12#) � �� *%��* �*.� $1� 10��� *�* �",  ' 1 � 1/ 0+�*� ML �� $.*1� ,�,/��)� �/# �#�," 

��, 1��*+� �. �)��1� �� $,�10 &),� 0$� /� #  �� 1/ 0+�*� ML. �� ��� �", �� ()�*�+,�,�,-� �� 

�,��/# /)� !)�� +� )�*�"  �" non-Gaussianity, �% '  , �)'���+� $1� 1+&��031 �� *%(�#. 

 

 

3.5 !�����6������ 

 

�), ,- �0�1� � 1&�)+,�! 1�'" ���,)0�+,% ICA * � $1$,+���, 10��� ()!*�+, �� �(1� �),����10 +0� 

�),1�121)��*0�. 	 �� 1�' � � �% !, +1�1 .� �� ,)�*+��1"  1(��/�" �),1�121)��*0�", ,� ,�,01" 

/���* ,-�  , �)'���+�  ,% %�,�,��*+,-  �" ICA, ��, ���' /�� /��- 1)� �),1 ,�+�*+��,. 

 

3.5.1 +������ ���� ���
� 
����� (centering) 

 

� ��, *�+�� �/! /�� ����/�0� �),1�121)��*0� 10��� � 1* 0�*�  ,% x , $���$! � �&�0)1*�  �" +�*�" 

 �+!" � �xm E�   �" (),�,*1�)#", .* 1 �� �0�1�  , x , +0� +1 ���� ! +1 +�$1��/! +�*�  �+!. �% ' 

*%�1�#�1 �� ' � /��  , s�� 10��� zero mean, '��" +�,)10 �� ��)� �)��10 ��+�#�,� �" �),���41�" 

/�� ��'  �" $-, ��1%)�"  �" *(�*�" (4.4). 

� �),1�121)��*0� �0�1 �� +1+,��+��� ���  �� ���,�,0�*�  �� ���,)0�+�� ICA: �% ' $1 *�+�0�1� 

' � $1� +�,)10 �� %�,�,��* 10  , mean (, +�*,"). �1 #  ,� %�,�,��*+'  ,% *%�$%�*+��,% �0��/� A 

+1 /1� )�)�*+��� $1$,+���, +�,)10 �� ,�,/��)��10 , %�,�,��*+'" �),*�� ,� �"  , mean $�#�%*+� 

 ,% s +1  �" /1� )�)�*+��1" 1/ �+!*1�"  ,% s. �, mean $�#�%*+� $0�1 �� ��'  � *(�*� mA 1� , '�,% 

m , 10���  , mean  , ,�,0, �&��)���/1 /� #  � $�#)/1��  �" �),1�121)��*0�". 

 

3.5.2 ‘%��	���’ ���������� (Whitening) 

 

�0� �/'+� ()!*�+� * )� ���/! �),1�121)��*0�" * �� ICA, 10��� �� �0�1 �� �). � � �1-/��*� 

(whiten)  �� ��)� �),-+1��� +1 ���� .�. �% ' *�+�0�1� ' � �)��  �� 1&�)+,�!  ,% ���,)0�+,% 

ICA (/�� +1 #  , centering), �0�1 �� �)�++�/'" +1 �*(�+� �*+'"  ,% ��)� �),-+1�,% $���-*+� ," 

x , .* 1 �� �),/-41� ��� ��, $�#�%*+� x~ ,  , ,�,0, �(1� �1%/���10, $���$! ,� *%��* .*1"  ,% 10��� 
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+� *%*(1 �3'+1�1" /�� ,� $��/%+#�*1�"  ,%" �*,$%��+,-� �)+,��/#. �1 #��� �'���, , covariance 

�0��/�"  ,% x~  �*,$%��+10 +1  ,� +,��$��0, �0��/�: 

 

� � Ixx �T~~E                 (3.34) 

 

� +1 �*(�+� �*+'" whitening 10��� �#� � $%�� '". �0� $�+,&��!" +��,$," ��� whitening, 10��� � 

()!*�  �" ��#�%*�"  �" (�)�/ �)�* �/!" )03�" (eigenvalue decomposition EVD)  ,% covariance 

�0��/� � � TTE EDExx � , '�,% E  , ,)�,�.��," �0��/�"  �� (�)�/ �)�* �/.� $���%*+# �� 

� �TE xx  /�� D  , $���.��," �0��/�" +1  �" (�)�/ �)�* �/�" )031"  ,% � �n1,...dddiag�D . �� 

*�+1���10 ' �  � � �TE xx  +�,),-� �� %�,�,��* ,-� +1 ��� �)' %�,  )'�, ��'  , $1$,+��, $10�+� 

� � � �T,...,1 xx  . 

�, whitening +�,)10 �� �)��+� ,�,���10  .)� +1 �#*�  �� �/'�,%�� *(�*�: 

 

xEEDx T~ 2
1�

�                (3.35) 

 

'�,% , �0��/�" 2
1�

D  %�,�,�031 �� ��' +0� ���! �1� ,%)�0� +1 ()!*� *%��* .*�", /��." 

�
�
��

�
��

��� 2
1

2
1

2
1

n1 ,...dddiagD . �0��� 1-/,�, �� 1�1�(�10  .)� ' � �*(-1� � *(�*� (4.34), $���$!: 

� � Ixx �T~~E . 

� �1-/��*� +1 �*(�+� 031�  , *%�$%�*+��, �0��/� (mixing matrix) *1 ���� /���,-)�,, A
~

. ��'  �" 

*(�*1�" (3.35) /�� (3.36) �),/-� 1�: 

 

sAAsEEDx
~~ T ��

� 2
1

                           (3.36) 

 

� ()�* �/' � �  �"  1(��/!"  ,% whitening $�/��.�1 �� ��'  � �1�,�'" ' � , ��," *%�$%�*+��," 

�0��/�" A
~

 10��� ,)�,�.��,". � ��)� !)�*� �% ! +�,)10 �� 1�����1% 10 ��'  � *(�*� �,% 

�/,�,%�10: 

� � � � IAAAssAxx ��� TTTT ~~~
E

~~~E                            (3.37) 

 

�$. ��)� �)10 ��, ' � +1 whitening +1�.�1 �� , �)��+'"  �� ��)�+� )�� �,% �)��1� �� 

%�,�,��* ,-�. �� 0 �,��'� �� ()1�#31 �� �� %�,�,��* ,-� 2n  ��)#+1 ),� �,% ��, 1�,-� * ,�(10� 

 ,% �)(�/,- �0��/� A,  , +'�, �,% ()1�#31 ��, 10��� , %�,�,��*+'"  ,% ��,% ,)�,�.��,% 

*%�$%�*+��,% �0��/� A
~

. 6��" ,)�,�.��," �0��/�" �(1� � �
2

1nn �  ���+,-" 1�1%�1)0�". ��� 

��)#$1��+�, * �" $-, $��* #*1�", ���" ,)�,�.��," +1 �*(�+� �*+'" /��,)031 �� ��' +0� /�� +'�, 

�����/! ��)#+1 ),. 	1 �1)�**' 1)1" $��* #*1�", ���" ,)�,�.��," �0��/�" �1)��(1� �1)0�,%  �" +�*�" 
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(*1 �)��+') ��)�+� ),%" 1�'" �%��0)1 � ,)�*+��,% �0��/�. 
����� ��'  , �),��,-+1�, +�,)10 �� 

1����10 ' � +1 whitening �-�1 �� +'�,  , +�*' �)'���+�  �" ICA. ��1�$! �  1(��/!  ,% whitening 

10��� �,�- ���! /��  %�,�,��+��� $��$�/�*0�, ���,-* 1)� ��' ,�,�,�$!�, 1 ICA ���')��+,, 10��� 

/��! �$�� �� +1�.�1 �� � �,�%��,/' � �  ,% �),��!+� ," +1  ,� ��� �)�  )'�,. 

��0*�", �� ! �� �)/1 # ()!*�+, �� +1�.�1 �� � $�#* �*�  �� $1$,+����  �� 0$�� * ��+! �,% 

�)��+� ,�,�10 ��  , whitening. 	 � *%��(1��, 121 #3,� �� ,� (�)�/ �)�* �/�" )031" jd   ,% � �TE xx  

/�� ��,))0� ,� �� '*1" 10��� �,�- +�/)�", '��" �0�1 �� *%(�# * �� * � �* �/!  1(��/!  �" principal 

component analysis (PCA). �% ' �(1� *%�!��" /��  , ��, ��1*+�  �" +10�*�"  ,% �,)-�,%. 

����),*�� �", � +10�*�  �" $�#* �*�" �),��+�#�1� /��  �� %�1)+#��*� (overlearning), � ,�,0� 

��)� �)10 �� *1 ,)�*+��1" �1)�� .*1�" * �� ICA. 

�0� �)�&�/! �����)#* �*�  ,% ��, 1��*+� ,"  ,% whitening ��),%*�#31 �� * , *(!+� 3.8, * �� 

,�,0� �(,%� “�1%/���10”  � $1$,+���  ,% *(!+� ," 3.5. 

 

 
 �
�� 3.8 � *%�$%�*+��� /� ��,+!  �� whitened *%�$%�*+.� 

 

 

�,  1 )#���, �,% ,)031�  �� /� ��,+! &�0�1 �� 21/#��)� ' � 10��� +0� �1)�* )1&'+1�� 1/$,(!  ,% 

�)(�/,-  1 )��.�,%  ,% *(!+� ," 3.4. �% ' �,% �(1� +10�1� 10��� � 1/ 0+�*� +0�" ���!" ���0�" �,% 

$0�1�  �� �1)�* ),&!. 

 

 

3.5.3 "������� ������6������ 

 

� 1�� %(0�  �" ICA ��� ��� ���* ' *1  $1$,+���� +�,)10 �� 12�) # �� *�+�� �/# ��'  �� 1/ ��1*� 

/#�,��� �),1�121)��* �/.� ��+# ��. ��� ��)#$1��+�, 1#�  � $1$,+��� ��, 1�,-� �� ��' (),��/# 

*!+� �, �� 10��� �)/1 # ()!*�+,  , &�� )#)�*+#  ,%" +1 /#�,�, band pass &0� ),. �� *�+1���10 ' � 

�� �0�1� �)�++�/' &�� )#)�*+�  �� ��)� �),-+1��� *�+# �� � �txi  ��� �� �),/-4,%�  � ��� 

*!+� �, �* � � �txi
, ,  ' 1  , +,� ��, ICA �� ��)�+10�1� * ��1)' ���  � ��� *!+� � � �txi

, , +1  ,� 

0$�, *%�$%�*+��, �0��/�. 
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� �),��,-+1�� ��)� !)�*� +�,)10 �� ��,$1�(�10 �" �/,�,-��". 6* � X  , �0��/�" �,% �1)��(1� 

 �" ��)� �)!*1�" � � � �T,...,1 xx  �" * !�1"  ,% �0��/� /�� ��),+,0�" , �0��/�w S �1)��(1�  �" 

��)� �)!*1�" � � � �T,...,1 ss . �' 1  , +,� ��, ICA +�,)10 �� 1/&)�* 10 +1  � *(�*�: 

 

ASX �                             (3.38) 

 

�.)�,  , (),��/' &�� )#)�*+�  ,% X  �� �* ,�(10 +1 �,������*��*+'  ,% X ��'  � $12�# +1 ��� 

�0��/�, �* � M . �, &�� )#)�*+�  ,% �0��/� X  ��),%*�#31 �� ��'  �� *(�*� �,% �/,�,%�10: 

 

,, ��� ASASMXMX                (3.39) 

 

��'  � *(�*� (3.40) �0�1 �� �� ���� ' ' �  , +,� ��, ICA ��)�+��1� ��/%), /�� * ��1)'. 

 

 

3.6 0 ������,��� FastICA 

 

	 �" �),��,-+1�1" 1�' � 1", ��),%*�#* �/�� $��&,)1 �/# /)� !)�� +� )�*�"  �" non-Gaussianity, 

$���$! �� �/1�+1��/�" *%��) !*1�" ���  ,� %�,�,��*+'  �" ICA. 	 �� �)#2�, ()1�#31 �� 1�0*�" /�� 

/#�,�," ���')��+," �,% �� +1��* ,�,�10  �� �� ���)�����'+1�� *%�#) �*� (contrast function), '��" 

��� ��)#$1��+�  �� �),*����*�  �" *(�*�" (3.26). 	 � 1�' � � �% ! ��),%*�#31 �� +0� �,�- 

��,$, �/! +��,$," +1��* ,�,0�*�"  �" contrast *%�#) �*�". ��0*�" �1�)10 �� ' �  � $1$,+��� �(,%� 

�),1�121)��* 10 +1 centering /�� whitening, '��" *%3� !��/1 * �� �),��,-+1�� 1�' � �. 

 

 

3.6.1 "������
 � ��� ���6������ ������ 

 

;1/��.� �", �� ��),%*��* 10 � 1/$,(!  ,% ���')��+,% FastICA ��� +0� +,�#$�, $���$! +0� 

��12#) � � *%��* .*�. � ')," “+,�#$�” (unit) ���&�)1 �� *1 +0� %�,�,��* �/! +,�#$�, /��  1��/# 

*1 ��� �1%).��, , ,�,0," �(1� ��� * ��+�/' $�#�%*+� w ,  � ,�, .* 1 � �),�,�! xwT  +1��* ,�,�10 

 � non-Gaussianity. 

� non-Gaussianity +1 )# �� (1$.) ��' +0� �),*����*�  �" negentropy � �xwTJ , �,% $0�1 �� ��'  � 

*(�*� (4.25). �1��%+031 �� ' � � $��/-+��*�  �" xwT  �)��1� �� 10��� �1)�,)�*+��� * � +,�#$�. 

��� whitened $1$,+���, �% ' 10��� �� 0* ,�(, +1  ,� �1)�,)�*+'  �" �')+�" (norm)  ,% w  �� 10��� 

+,�#$�. 

� FastICA ��*031 �� *1 ��� ���0*�, ��#� %2�" * ��1).� *�+10�� (fixed-point), ���  �� 1-)1*� 1�'" 

+���* ,%  �" non-Gaussianity  �" xwT , '��" +1 )!��/1 ��'  � *(�*� (3.26). ��0*�", +�,)10 �� 

12�(�10 /�� �" +0� �),*1���* �/! 1���#��4� Newton. ���.�,� �" +1 g   �� ��)#���,  �" +� 
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 1 )�����/!" *%�#) �*�" G  �,% ()�*�+,�,�10 �� * �� (3.26),  ' 1  � ��)#����  �� *%��) !*1�� 

 �" *(�*�" (3.27) �0�,� ��: 

 

� � � �u,atanhug 11 � ,   � � � �2
2

2
uexpuug ��                (3.40) 

 

,'�,% 21 1 $$ a , 1a  +0� /� #����� * ��1)#, +1 *%(�# ()�*�+,�,�,-+1��  �+!  �� 11 �a . 

� ��*�/! +,)&!  ,% ���,)0�+,% FastICA ��� +0� ��12#) � � *%��* .*� 10��� � �/'�,%��: 

1. ����,�! 1�'" �)(�/,- (�.(.  %(�0,%) * ��+�/,- $���-*+� ," w . 

2. 6* � � �� � � �� �wxwxwxw TT gEgE %��� . 

3. 6* � �

�
�

w
ww  

4. �#� $1� %�#)21� *-�/��*�  ' 1 1��* ),&! * , �!+� 2. 

 

�� *�+1���10 ' �, � *-�/��*� *�+�0�1� ' � ,� �����"  �+�" /�� ,� ��1"  �+�"  ,% w  $10(�,%� �),"  �� 

0$�� /� 1-�%�*�, $���$!  , 1*� 1)�/'  ,%" ���'+1�, 10��� (*(1$'�) 0*, +1 1. �1� 10��� ���)�0 � ,  , 

$�#�%*+� �� *%�/�0�1� *1 ��� +,��$�/' *�+10,, �&,-  � w  /�� w-  ,)03,%�  �� 0$�� /� 1-�%�*�. 

�% ' *%+��0�1� 1�1�$! ,� ��12#) � 1" *%��* .*1" +�,)10 �� ,)�* ,-� +�()� /�� *1 multiplicative 

sign. �� *�+1���10 ' � /�� 1$.  � $1$,+��� �(,%� !$� “�1%/���10”. 

� ��)����!  ,% FastICA �0�1 �� �" �/,�,-��": �)(�/# �� *�+1���10 ' �  � +���* �  �" 

�),*����*�"  �" negentropy  �" �),�,�!" xwT  12�*&��03,� �� *1 ��� *%�/1/)�+��, optima  ,% 

� �� �xwTGE . 	-+&��� +1  �" *%��!/1"  �� Kuhn-Tucker ,  � optima  ,% � �� �xwTGE  /# � ��'  ,� 

�1)�,)�*+' � �� � 1
22 �� wxwTE , ��+�#�,� �� *1 *�+10� ���  � ,�,0� �*(-1� � �/'�,%�� *(�*�: 

 

� �� � 02 �� wxw 
xgE T                 (3.41) 

 

6* �  .)� ' � �0�1 �� 1�0�%*�  �" 120*�*�" (3.41) +1 ()!*�  �" +1�'$,%  ,% Newton. ���.�,� �" 

 � *%�#) �*�  ��'  � +1)�#  ,% �)�* 1),- (1)�,-  �" *(�*�" (3.42) +1 F , ��)#�1 �� � ��/�����! 

+! )� � �wJF  �" 12!": 

� � � �� � Ixwxxw 
gEJF TT �%�                (3.42) 

 

���  �� ���,�,0�*�  �" �� �* ),&!" �% ,-  ,% �0��/�, ��,&�*031 �� � �),*����*�  ,% �). ,% 

�� �/1�+��,%  �" 120*�*�" (3.42). �0�" /��  � $1$,+��� 10��� *&��)�/#, +0� �,��/! �),*����*� 

+�,)10 �� 10��� � �/'�,%��: 

� �� � � � � �� � � �� �Ixwxwxxxwxx TTTTT gEgEEgE %�%+%             (3.43) 
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6 *� , ��/�����'" �0��/�" �0�1 �� $���.��," /�� +�,)10 �� �� �* )�&10 +1 1%/,�0�. �1 �#*�  � 

��)��#��, +�,)10 �� ��)�(�10 � �),*1���* �/! 1���#��4�  ,% Newton �" �/,�,-��": 

 

� �� �� � � �� �� �
gE
gE TT �%���� xwwxwxww              (3.44) 

 

� ���')��+," +�,)10 �� ���,�,���10 �1)�� �)�, +1 �,������*��*+' /��  �� $-, ��1%).�  �" (3.44) 

+1 � �� �xwTgE
 %� . �% ' $0�1�, -* 1)� ��' ���1�)�/�" ���,�,�!*1�",  �� 1���#��4� FastICA. 

	 �� �)#2�, ,� �),���41�" * ,� FastICA �)��1� �� �� �/� �* ��,-� ��'  �" 1/ �+!*1�"  ,%". �� 

&%*�/�" 1/ �+!*1�" 10��� ,� �� 0* ,�(,� sample means. �$���/# +��.� �", �� ��)1�1 '��  � $����*�+� 

$1$,+��� �� ()�*�+,�,�,-� ��, ���# �% ' $1� 10��� *%(�# /��! �$��, $�' � ,� %�,�,��*+,0 +�,)10 �� 

�0�,%� %�1)�,��/# ���� � �/,0. �' 1 ,� +�*,� '),� +�,),-� �� 1/ �+��,-� +1 ()!*� +�/)' 1),% 

$10�+� ,",  ,% ,�,0,%  , +��1�," �� �(1� ��� *,��)' ��, ��1*+� * �� �/)0�1��  ��  1��/.� 

1/ �+!*1��. �� *�+10�  ,% $10�+� ," �)��1� �� 1�����,� �� 21(�)�* # ��� /#�1 1���#��4�. �#� � 

*-�/��*� $1� 10��� �/��,�,�� �/!,  ' 1 +�,)10 �� �0�1� �-2�*� * , +!/,"  ,% $10�+� ,". 

 

3.6.2 "������
 � ���������� ��
,�� ���6������� ������� 

 

	 �� �),��,-+1�� 1�' � �, �)��+� ,�,�,- �� 1/ 0+�*� +'��" ��� +0� ��'  �" ��12#) � 1" 

*%��* .*1", ! ��� +0� $�1-�%�*� projection pursuit. ��� �� +�,)�*,%� �� %�,�,��* ,-� $�#&,)1" 

��12#) � 1" *%��* .*1", �)��1� �� 1/ 1�1* 10 , ���')��+," FastICA ��� +0� ��12#) � � *%��* .*�, 

+1 ()!*� $��&,)1 �/.� +,�#$�� (��12#) � �� *%��* �*.�) (�.(. �1%).�1") +1 * ��+�/# 

$���-*+� � n,...,ww1 . 

��� �� ��,&1%(�10 � *-�/��*� $��&,)1 �/.� $���%*+# �� * � 0$�� +���* �, �)��1� �� ��,-

*%*(1 �* ,-� ,� �2,$,� xwxw T
n

T ,...1 , -* 1)� ��' /#�1 1���#��4�. �$. ��),%*�#3,� �� 3 

$��&,)1 �/�" +��,$,� ���  �� 1�0 1%2�  �" ��,-*%*(� �*�". �� *�+1���10 ' � ���  , whitened x  ���" 

 � ,�," ��,-*%*(1 �*+'" 10��� �*,$-��+," +1 ,)�,����,�,0�*�. 

6��" ���'"  )'�," ���  �� 1�0 1%2�  ,% +� *%*(1 �*+,- 10��� ��� *(!+� �,% ��*031 �� * , +� 

*%*(1 �*+'  �� Gram-Schmidt. �% ' *�+�0�1� ' �,  ,� ��12#) � 1" *%��* .*1" %�,�,�03,� �� +0� 

�)," +0�. : �� �(,%� %�,�,��* 10 p  ��12#) � 1" *%��* .*1", ! p  $���-*+� � p,...,ww1 , 

1/ 1�10 �� , fixed-point ���')��+," ��� +0� *%��* .*�, ���  , $�#�%*+� 1�pw , /�� -* 1)� ��' /#�1 

�!+�  �" 1���#��4�", �&��),-� �� ��'  , 1�pw  ,� �),�,��" jj
T
p www 1� , p,...,j 1�   �� p  

$���%*+# �� �,% 10(�� %�,�,��* 10 �),��,%+���" /��  ��," �0�1 �� 1����/��,��/,�,0�*�  ,% 

1�pw . � $��$�/�*0� *%�,4031 �� * � �/'�,%�� �!+� �: 

 

1. 6* � �
�

��� ��
p

j
ij

T
ppp

1
111 wwwww                   (4.45) 
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2. 6* � 1111 ����
%� p

T
ppp wwww  

 

��)'�� �% #, *1 ,)�*+��1" 1&�)+,��", +�,)10 �� 1���%+10 �� � ()!*� *%++1 )�/,- +� *%*(1 �*+,-, 

* ,� ,�,0, /����� $�#�%*+� $1� 10��� “�),�,+�,-(,” ���� � /#�,�,% #��,%. �% ' +�,)10 �� 

�)��+� ,�,���10 +1 ()!*�  �" /��*�/!" +1�'$,% �,% �1)���+�#�1�  �"  1 )�����/�" )031"  �� 

���#/��. 

6* � ' � �*(-1�: 

� � WWWW 2
1�

� T                            (3.46) 

 

,'�,% W , , �0��/�" � �Tn,...,ww1   �� $���%*+# �� /�� � �� 0* ),&�  1 )�����/! )03� � � 2
1�TWW  

��)#�1 �� ��'  �� ��#�%*�  �� (�)�/ �)�* �/.� )�3.�  �� TT �FFWW �  �" 12!": 

� � TT � FFWW 2
1

2
1 ��
� . 

 

�0� ��, ���! 1�����/ �/! ��, 1�10 , �/'�,%�," 1������� �/'" ���')��+," (Hyvärinen 1999) : 

1. 6* � ' � TWWWW �                    (3.47) 

����#��4�  ,% �!+� ," 2 +�()� �� 1�� 1%(�10 *-�/��*�: 

2. 6* � ' � WWWWW T

2

1

2

3
��  

 

� �')+� * , �!+� 1 +�,)10 �� 10��� � �')+� 1�'" *(1$'� ,�,�,%*$!�, 1 /,��,- �0��/�, ��� 

��)#$1��+� � 2� �')+� !  , +1���- 1), ��'�% , #�),�*+� �)�++!" (!  *1�)#"). 

 

 

3.6.3 0 ������,��� FastICA 	�� � ������ ��,��������� 

 

	 �� 1�' � � �% !, $0�1 �� +0� 1/$,(!  ,% FastICA �,% $10(�1� *�&."  � *-�$1*� +1  ,� ���')��+, 

Infomax !  ,� ���')��+,  �" +���* �" �����' � �" (maximum likelihood algorithm). �#� , FastICA 

1/&)�* 10 +1 ()!*�  �" 1�$�#+1*�" $�� -��*�"  �" *(�*�" (3.45) /�� �)�&10 *1 +,)&! �0��/�, 

��)� �)10 �� ' � , ���')��+," FastICA ��0)�1�  �� �/'�,%�� +,)&!: 

 

� � � � � �� �� �WyyWW T
ii gE
diagadiag ����              (3.48) 

 

,'�,% Wxy � , � �� �iii ygyE
 ��  /�� � �� �� �iii ygE
a %��� 1 . � �0��/�" W  �)��1� �� 

,)�,����,�,�10 �� -* 1)� ��' /#�1 �!+�. 	1 �% !  �� 1/$,(!  ,% �0��/�, 10��� &%*�/' �� 

,)�,����,�,�10 �� , �0��/�" W  *%++1 )�/#. 
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� �),��,-+1�� 1/$,(!  ,% FastICA  �" *(�*�" (3.48) +�,)10 �� *%�/)��10 +1  � * ,(�* �/! 

���+� ! +��,$, ��� +1��* ,�,0�*�  �" �����' � �" � ,�,0� $0�1 �� ��'  ,�  -�,: 

 

� �� �WyyIWW Tg� ����                (3.49) 

 

,'�,% + 10��� , ���+'" 1/+#��*�", '(� ���)�0 � � * ��1)'" * , ()'�,. �$.,  , g , 10��� +0� 

*%�#) �*�  ,% pdf  �� ��12#) � �� *%��* �*.�: ii ffg %� , '�,% if  10���  , pdf +0�" ��12#) � �" 

*%��* .*�". 

	%�/)0�,� �"  �" 12�*.*1�"  �� *(�*1�� (3.48) /�� (3.49), &�0�1 �� /���)# ' � , FastICA +�,)10 �� 

�1�)��10 �" ���" fixed-point (* ��1).� *�+10��) ��� 1/ 0+�*�  �" +���* �" �����' � �" (MLE) ��� 

ICA +,� ��� $1$,+����. 	 ,� FastICA, �  �(- � � *-�/��*�" �1� �* ,�,�10 �� +1  �� 1���,�!  �� 

���#/�� � �iadiag  /�� � �i
diag . 

6�� �/'+� ��1,��/ �+�  ,% ���,)0�+,% FastICA 10��� ' � +�,)10 �� %�,�,�0*1�  '*, sub-Gaussian 

'*, /�� super-Gaussian ��12#) � 1" *%��* .*1", *1 �� 0�1*� +1  ,%" *%����*+��,%" ML 

���')��+,%", ,� ,�,0,� +�,),-� �� $,%��4,%� +'�, ��� +0� $1$,+��� /�#*� /� ��,+.�. 

 

3.6.4 $�������� 

 

� ���')��+," FastICA /�� ,� %�,/10+1�1" contrast *%��) !*1�" ��),%*�#3,%� ,)�*+��1" 1���%+� �" 

�$�' � 1", ' �� *%�/)0�,� �� +1 #��1" +1�'$,%" ��� ICA. 

1. � *-�/��*� 10��� /%��/! (!  ,%�#(�* ,�  1 )�����/!), /# � ��'  �� %�'�1*�  ,% +,� ��,% 

$1$,+���� ICA. �� ��� �", * ,%" *%����*+��,%" ICA ���')��+,%" �,% ��*03,� �� *1 

(* ,(�* �/�") ���+� �" +1�'$,%", � *-�/��*� 10��� +'�, �)�++�/!. 

2. 	1 �� 0�1*� +1  ,%" ���+� ,-" ���')��+,%", $1� %�#)(,%� ��)#+1 ),� +1���,%" *1 /#�1 �!+� 

 ,% ���,)0�+,% FastICA, �,% *�+�0�1� ' � , FastICA 10��� 1-/,�," * � ()!*�  ,%. 

3. � ���')��+," �)0*/1� �+�*�"  �" ��12#) � 1" *%��* .*1" *(1$'� ,�,��*$!�, 1 non-Gaussian 

/� ��,+!" +1 ()!*� ,�,��*$!�, 1 +� �)�++�/' � �" g . �� ��� �" �,��,0 ���')��+,� 

()1�#3,� �� �� 10��� $����*�+� /#�,�� 1/ 0+�*�  �" /� ��,+!"  �" *%�#) �*�" �����' � �" 

(pdf) /�� � +� �)�++�/' � � �)��1� �� 1�����1 �� +1 �#*� �% !�  �� 1/ 0+�*�. 

4. � ��'$,*�  �" +1�'$,% +�,)10 �� �1� ���10 +1 ()!*� +0�" /� #�����" +� �)�++�/' � �" g . 

��, *%�/1/)�+���, +�,),-� �� ��)�(�,-� ���')��+,� ,� ,�,0,� 10��� “$%�� ,0” /��/! �� �(,%� 

1�#(�* � $��/-+��*�. 

5. �� ��12#) � 1" *%��* .*1" +�,),-� �� %�,�,��* ,-� +0� �)," +0�, �)#�+�  , ,�,0, 10��� 

�1)0�,% �� 0* ,�(, +1  �� 1&�)+,�!  �" projection pursuit +1�'$,%. �% ' 10��� ()!*�+, *1 

��#�%*� 121)1%�� �/.� $1$,+����, /�� +1�.�1�  , %�,�,��* �/' &,) 0,  �" +1�'$,%, *1 

�1)�� .*1�" '�,% ()1�#3,� �� �� %�,�,��* ,-� /#�,�1" ��'  �" ��12#) � 1" *%��* .*1" /�� '(� 

'�1". 
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6. � ���')��+," FastICA �(1� '��  � ��1,�1/ !+� �  �� �1%)���/.� ���,)0�+��: 10��� 

��)#����,", /� ��1+�+��,", ���'" %�,�,��* �/# /�� ���� 10 �0�� +�!+�. �� * ,(�* �/�" 

���+� �" +��,$,� &�0�1 �� ' � �), �+,-� �� +'�, 1#� ���� 10 �� �)!�,)� �),*�)+,* �/' � � *1 

��� +1 �����'+1�, �1)��#��,�. 

 

 

3.7 -������� ��� ������,��� FastICA  

 

3.7.1 "�����
 

 

��� 1&�)+,��" �)��+� �/,- ()'�,% '��" 1+��,% �*+'" �(� �/.� *�+# ��, , ���')��+," FastICA 

+�,)10 �� %�,�,���10 *1 ��� �),�)�++� �3'+1�, �1)��#��,� (FPGA, field programmable gate array), 

�),/1�+��,% �� 1�� �(%��10 � �1� ,%)�0�  ,%. � %�,�,0�*� +1 VLSI �),*&�)1� �,��# 

(�)�/ �)�* �/# '��" %4���"  �(- � �" 1�121)��*0�", �,% 10��� 12��)1 �/# 1���%+� # ��� 

%�,�,0�*�" FastICA. 6�� ��'  � 1+�'$��  �" %�,�,0�*�"  ,% hardware, ��, 1�10 � �,�%��,/' � � 

 ,% %�,�,��*+,-  ,% ICA. ��� �% '  , �'�,, $�#&,)1"  1(��/�" �1)�)(01" /�� *%��)+,�,��*�+' � �" 

 ,% *(1$��*+,- VLSI 10��� �,�- *�+�� �/�". � �1)�)(0� �1)���+�#�1�  � $��0)1*� +0�" $�1)��*0�" 

ICA *1 +�/)' 1)1" 1�121)��* �/�" %�,+,�#$1" , +�()�" ' ,% � �,�%��,/' � �  �� %�,+,�#$��  ,% 

(�+��' 1),% 1����$,% �� �0�,%� $��(1�)0*�+1". �% �" ,� %�,+,�#$1" ���� -**,� �� 21(�)�* # /�� 

* � *%��(1�� 1�,�,�,-� �� +�30. 

 

 

3.7.2 -������� ��� �������� ��� ���� ���
� ��� ���������� 

 

� $��$�/�*0�  ,% centering �&,)#  �� 12����!  �� mean  �� *%�$%�*+���� *�+# ��, +1 /�� +2 

��'  � x1 /�� x2 �� 0* ,�(�. 

�). ,�,  � * ,�(10�  �� *%�$%�*+���� *�+# �� *%**�)1-,� �� ��� �)," ���. �1 #  � �!4�  �" 

#�),�*�"  �� x,  , + ��)#�1 �� ��'  � $��0)1*�  �" #�),�*�" +1  , +!/,"  ,% $10�+� ," (sample 

length). ��� �� 1�� �(%��10 � 1�121)��*0�, ()�*�+,�,�10 �� � $��$�/�*0� �,������*��*+,- (multiply 

by 1/sample length), �� 0 �� �)��+� ,�,���10 � $��0)1*�. 

�1- 1),�, , mean 12#�1 �� ��'  � $1$,+���  �� *%�$%�*+���� *�+# �� ���  �� 1�0 1%2�  ,% 

centering. � $��$�/�*0� $�� %�.�1 �� �" �/,�,-��": 

 

� � � � � � � �thsamplelengixixix
thsampleleng

j

1
1

���
�

�
��
�

�
�� �

�

              (3.50) 

 

,'�,% ,.....,i 21�   , $10�+�  �� $1$,+����. 	 , *(!+� �,% �/,�,%�10 ��),%*�#31 ��  , $�#�)�++� 

 �" %�,�,0�*�"  ,% centering. 
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 �
�� 3.9 	(�+� �/' $�#�)�++� %�,�,0�*�"  ,% centering 

 

 

3.7.3 -������� ��� ‘���	����’ ���������� 

 

�, �). , �!+�  �" $��$�/�*0�"  ,% whitening 10��� � 1-)1*�  ,% whitening �0��/� P. � P $0�1 �� 

��'  ,�  -�,: 

TED �� � 21P                 (3.51) 

 

,'�,% � �21diagD ,���  , $���.��," �0��/�"  �� (�)�/ �)�* �/.� )�3.�  ,% covariance �0��/� xC , 

� �21 e,eE �   � (�)�/ �)�* �/# $���-*+� �  ,% xC  /�� � �T
x XXEC �  10��� ���" 2*2 �0��/�". 

�)1�#3,� �� 3 �,������*��* �" ���  �� %�,�,0�*�  ,% %�,�,��*+,-  ,% TXX . � �,�����*��* !"-1 

()�*�+,�,�10 �� ���  , 11 xx � . � �,������*��* !"-2 ()�*�+,�,�10 �� ���  , 21 xx � . � 

�,������*�* !"-3 ()�*�+,�,�10 �� ���  , 22 xx � , '�,% 

 

� � � � � �
� � � � � ��

�
�

�
��
�

�
���

�

�
��
�

�
�

thsamplelengx,...,x,x

ghsamplelentx,...,x,x

x

x
X

222

111

2

1

21

21
 

 

��1�$!  , 21 xx �  �*,$%��+10 +1  , 12 xx � , ()1�#31 �� +'�, �� %�,�,���10  , ��� ��' �% #. ��� 

�% '  , �'�,,  , xC  +�,)10 �� ��)�(�10 ��'  �� #�),�*�  ,% thsampleleng1 . �% ! � $��$�/�*0� 

+�,)10 �� $�� %���10 �" 12!": 

 

�
�

�
�
�

�
�

11x10x

01x00x
x

__

__

cc

cc
C , '�,% ���  � .._cx  �*(-,%� ,�  -�,�: 

 

� � � � � �thsamplelengjxjxc
thsampleleng

j
_ 1

1
1100x ���

�

�
��
�

�
�� �

�

            (3.52) 

� � � � � �thsamplelengjxjxcc
thsampleleng

j
__ 1

1
2110x01x ���

�

�
��
�

�
��� �

�

           (3.53) 
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� � � � � �thsamplelengjxjxc
thsampleleng

j
_ 1

1
2211x ���

�

�
��
�

�
�� �

�

             (3.54) 

 

�'��" %�,�,��* 10 , covariance �0��/�",  , 1�'+1�, �!+� 10��� , /��,)�*+'"  ,% ,)�,�.��,% �0��/� 

 �� (�)�/ �)�* �/.� $���%*+# ��  ,% � �ECx  /�� , /��,)�*+'"  ,% $���.��,% �0��/�  �� 

(�)�/ �)�* �/.� $���%*+# ��  ,% � �DCx . 

 

12

1122

2 x_

x_x_

c

cc
�

�

�
�                 (3.55) 

� �
� � � ����abs

�sign
T

���
�

1
               (3.56) 

 

� �TT
C

��
�

1

1
               (3.57) 

 

CTS ��                  (3.58) 

 

�
�

�
�
�

�

�
�

CS

SC
E                 (3.59) 

 

� �ECx ��� TED                 (3.60) 

 

�#� �
�

�
�
�

�
�

2

1

0

0
D

�

�
,  ' 1 �*(-1� ' � �

�

�
�
�

�
�

�

�
�

21
2

21
121

0

0
D

�

�
             (3.61) 

 

�1 ()!*� '���  �� �),��,-+1��� *(�*1�� +�,)10 �� ��)�(�10 , whitening �0��/�" P +1 

�,������*��*+'  ,% 21D�  +1  , TE , '��" &�0�1 �� /�� * �� �/'�,%�� *(�*�: 

 

T21 EDP �� �                 (3.62) 

 

�1��/#,  � �1%/# (white) $1$,+��� Z ��)#�,� �� +1  ,� �,������*��*+'  ,% P +1  , X. 

 

PXZ �                  (3.63) 

 

�, $�#�)�++�  �" %�,�,0�*�"  ,% whitening ��),%*�#31 �� * , *(!+� �,% �/,�,%�10. 
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 �
�� 3.10 	(�+� �/' $�#�)�++� %�,�,0�*�"  ,% whitening 

 

 

3.7.4 -��������� ��� ������ 

 

6* � , �)(�/'"  %(�0," �0��/�" �
�

�
�
�

�
�

2

1

w

w
w , /�� � �')+�  ,% w , �,% ,)031 �� *-+&��� +1  ,� 

�/'�,%�,  -�,: 

� � � �2211 wwwww_norm ����               (3.64) 

 

����).� �"  � 1w  /�� 2w  +1  � �')+�  ,% w , ��+�#�1 �� � �/'�,%�� *(�*�: 

�
�

�
�
�

�
�

w_normw

w_normw

2

1w                (3.65) 

 

	 , *(!+� �,% �/,�,%�10 �����)0* � ��  , $�#�)�++� ���  ,� %�,�,��*+'  �" �')+�"  ,%  %(�0,% 

�0��/� w . 
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 �
�� 3.11 	(�+� �/' $�#�)�++�  ,% %�,�,��*+,-  �" �')+�" 1�'"  %(�0,% �0��/� w  

 

 

3.7.5 -������� ��� 	������ 

 

� 120*�*� ���  ,� %�,�,��*+'  ,% $��(�)�*+,-  ,% $���-*+� ," w  1/&)#31 �� ��'  �� �/'�,%�� 

*(�*�: 

� � � �� �� � � �131
3

������ kwkwZZEkw T              (3.66) 

 

�). � %�,�,�10 �� , %�,�,��*+'" � �� �31�� kwZZ T  /�� � %�,�,0�*� ��),%*�#31 �� * , �/'�,%�, 

*(!+�. 

 

 

 �
�� 3.12 	(�+� �/' $�#�)�++�  �" %�,�,0�*�"  ,% � �kw_pre  

 

� ��)��#�� $��$�/�*0� +�,)10 �� +,� 1�,�,���10 +���+� �/# *-+&��� +1  �� �/'�,%�� *(�*�: 

 

� � � � � � � �� �� ��
�

����
thsampleleng

j

kwjzjzkw_pre
1

31               (3.67) 

,'�,%  , w_pre  10���  , ��, ��1*+� %�,�,��*+,-  �" *(�*�" � �� �31�� kwZZ T . 
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�,  +!+� %�,�,0�*�"   ,% � � � �� �� � � �131
3

������ kwkwZZEkw T , ��),%*�#31 �� * , *(!+� 

(3.13), '�,%  , � �� � � � � � � �� �kw_pre,kw_prekw_prekwZZ T
21

3
1 ���� . 

 

 

 �
�� 3.13 	(�+� �/' $�#�)�++�  �" %�,�,0�*�"  ,% � �kw  

 

� /��,��/,�,��+���  �+! w_new *%�/)0�1 �� +1  �� ����#  �+! w_old /�� �� ,�  �+�" $1� 

 ��)�#3,%�,  ' 1  , w_new ��� ),&,$, 10 �� * �� 10*,$,  ,%  +!+� ," /�� ��,��/1-1 �� 1�0*�" 

�" w_old *1 ���� /� �(�)� !, .* 1 �� 2����0�1� *-�/)�*� +1  �� ���  �+! w_new. : �� �*(-1� 

' � w_oldw_new� ,  ' 1 �% ! �  �+! $0�1 �� * �� �2,$, �"  , *%�/�0�,� $�#�%*+� w ,  , ,�,0, 

$0�1� +0� ��12#) � � *%��* .*�. ���  �� 1-)1*�  �" #���" ��12#) � �" *%��* .*�", �1�)10 �� ��� 

��,  %(�0, $�#�%*+� w  /�� ��,*%*(1 031 �� +1  , �),��,-+1�, w , /�� 1�*#�1 �� * �� 

1������� �/! $��$�/�*0� .* 1 �� ��&�10 +0� *%�/�0�,%*�  �+!. 

��� i=1 /�� 2 (��� $-, *%�$%�*+��� *!+� �) �)��+� ,�,�,-� ��  � �/'�,%�� �!+� �: 


 �
�

�
�
�

�
�

0

0
B

2

1
1 w

w
 ���  �� 1�  ��12#) � � *%��* .*� 


 �
�

�
�
�

�
�

new_

new_

ww

ww

22

11
2B  ���  �� 2� ��12#) � � *%��* .*� 

,'�,% �
�

�
�
�

�

new_

new_

w

w

2

1
 10���  � ���  %(�0� $���-*+� � ���  � 2� ��12#) � � *%��* .*�. �/,�,%�,-� ,� 

*(�*1�": 

wBB i ��                 (3.68) 

Bww ��                 (3.69) 

 

,*-+&��� +1  �" ,�,01" � �')+� w  /��,)031 �� 2��#. 
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)������� 4 
&  - *&�$)& �"50�0  *0- PEARSON 

 

4.1 "�����
 

 

	 , ��).� /1&#���, �0�1 �� ��),%*0�*�  �" *%* �+�/!" +1�'$,% Pearson ���  ,�  %&�' $��(�)�*+' 

���.�. � +��,$," �% ! +�,)10 �� 1&�)+,* 10 *1 +0� 1%)10�  #2� ��' /� ��,+�" ���.�, ,� ,�,01" 

+�,)10 �� 10��� �*-++1 )1" ! +�,)10 �� �(,%� /�� +�$1��/! kurtosis. �� ,�� ����" *%��� .� �� ��� 

��)#$1��+� *1 �0,-�� )�/# *!+� � /�� * �"  ��1��/,����01". �� /� ��,+�"  �� ���.� 

+,� 1�,�,�,-� �� +1 ()!*�  ,% *%* !+� ," Pearson (*(�*� 4.10). 

6* �  , /��*�/' +,� ��, ICA +1 �/�)��,%" *%�$%�*+,-"  �� ����0�� *�+# ��: 

 

Asx �        (4.1) 

 

,'�,% ,� ����" � �Tm,...,s,ss 21�s  10��� �+,���0� ��12#) � 1"  %(�01" +1 ���� �" /�� mm�A  10��� ���" 

#���* ," �� �* )�4�+," �0��/�" *%�$%�*+.� (mixing matrix). 	 '(," 10��� � 1-)1*�, +1 ()!*� +'�, 

 �� ��)� �)!*1�� (observations) x , 1�'" �0��/� W , � *� .* 1 � �2,$,"  

 

Wxy �       (4.2) 

 

�� ��, 1�10 +0� 1/ 0+�*�  ,% ����0,% $���-*+� ," s ( ,% ,�,0,% �����'� �� �(1� ���#21� � 

/�0+�/�). 

�$. � �), 1��'+1�� +��,$,", *%�$%#31� $-, �,�- ���* �"  1(��/�" ���  �� ��#�%*� ��12#) � �� 

*%��* �*.�:  �" �+1 #��� 1" (fixed) +� �)�++�/�" * ��1)�" *%��) !*1�" /��  � �),*����*�  �" 

+1��* ,�,0�*�"  �" �����' � �" (maximum likelihood). 	 � �),*����*�  �" +1��* ,�,0�*�" 

�����' � �" �0�1 �� ()!*�  ,% *%* !+� ," Pearson ���  � +,� 1�,�,0�*�  �� /� ��,+.�  �� 

���.�. �, *-* �+� Pearson /��-� 1� ��� +1�#�, 1-)," ��' $��&,)1 �/�"  �+�" kurtosis  /�� 

�*%++1 )0�" /�� �1)���+�#�1� �,���" /� ��,+�" +1 �)�/ �/! *�+�*0�. � �,��/!  ,% *%* !+� ," 

Pearson * �� BSS 10��� ' �  , +,� ��, 10��� �)/1 # “1-/�+� ,” .* 1 �� +�,)10 �� �),*�)+'31 �� *1 

$��&,)1 �/�" /� ��,+�"  �� ���.�, ,� ,�,01" 1�$�(1 �� �� 10��� /�� �*-++1 )1". �� �+1 #��� 1" 

* ��1)�" *%��) !*1�" �1� �.�,%�  ��  �(- � � /��  � * ��1)' � �  �" *%* �+�/!" +1�'$,% 

Pearson, ��� �1)�� .*1�" '�,% ,� ����" +�,),-� �� $��(�)�* ,-� 1-/,��. 

	 �� 1�' � � �,% �/,�,%�10 �0�1 �� ���*/'��*�  ,% *%* !+� ," Pearson /�� �),*����*�  �� 

��)�+� )��  ,%. �/,�,%�10 * �� 1�' � � 3, +0� +��,$," BSS * �� ,�,0� �(1� 1&�)+,* 10  , 

*-* �+� Pearson (��)����!  �" ���" �� �/1�+1��/!" *%�#) �*�" /��  �� ���,)0�+�� �,%  � 

�1� �* ,�,�,-�). ���,", * �� 4� 1�' � �, $0�,� �� ,)�*+��� ��)�$10�+� � �),*,+,0�*�"  ,% 

*%* !+� ," Pearson ���  , $��(�)�*+' ����0�� *�+# ��. 
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4.2 *�  ����� Pearson 

 

�, *-* �+� Pearson ��, 1�10 +0� ��)�+1 )�/! ,�/,���1�� ��' /� ��,+�", ,� ,�,01" +�,),-� �� 

()�*�+,�,���,-� ���  � +,� 1�,�,0�*� +0�" 1%)10�"  #2�" ��' /� ��,+�" ���.�. �, *-* �+� 

Pearson �(1� �,�- +1�#�� *�+�*0� * � * � �* �/! /�� �(1� +1�1 ��10 1/ 1 �+���. �, *-* �+� 

Pearson ,)031 �� ��'  � $��&,)�/! 120*�*�, *-+&��� +1  � *(�*� �,% �/,�,%�10: 

 

� � � � � �
2

210 xbxbb

xfax
xf

��
�

�%      (4.3) 

 

,'�,% a , 0b , 1b  /�� 2b  10��� ,� ��)#+1 ),�  �" /� ��,+!". 	 � �),*����*�  �" +1��* ,�,0�*�"  �" 

�����' � �" * �� ICA, � score *%�#) �*�  �" %�, ���+1��" /� ��,+!"  �" ���!", ()�*�+,�,�10 �� 

�" +0� * ��1)#. � score *%�#) �*�  ,% *%* !+� ," Pearson +�,)10 1-/,�� �� %�,�,��* 10 ��'  �� 

120*�*�  �" *(�*�" (3) �" �/,�,-��": 

 

� � � �
� �

� �
2

210 xbxbb

ax

xf

xf
x�

��
�

��
%

��     (4.4) 

 

� ���' � �  �" score *%�#) �*�", /���* #  , *-* �+� Pearson �)/1 # “$1�1�* �/'” ���  �� ICA. 

�, ��)#���,  �" score *%�#) �*�"  �" *(�*�" (5.4) $0�1 �� ��'  �� �/'�,%�� *(�*�: 

 

� �
� �22

210

2
2

210 2

xbxbb

bxaxbabb
x�

��

���
��%     (4.5) 

 

�� ��)#+1 ),� a , 0b , 1b  /�� 2b  +�,),-� �� 1/ �+��,-� ��'  � +��,$,  �� * ��+�' %��� (method 

of moments). � �� �* ,�(0� +1 �2-  �� ��)�+� )�� a , 0b , 1b  /�� 2b  , /��  ,% 2,% 2� , 3,% 3�  /�� 4,% 

4�  /1� )�/,- * ��+�' %�,%  �" /� ��,+!" 10��� � �/'�,%��: 

 

� �
C

���
ab

2
243

1

3�
���      (4.6) 

� �
C

����
b

2
3422

0

34 �
��      (4.7) 

� �
C

����
b

3
2

2
342

2

632 ��
��      (4.8) 

 



 67 

,'�,% 3
2

2
324 181210 ����C ��� . 

	 � +��,$,  �� * ��+�' %���,  � �1�)� �/# * ��+�' %�� 1/ �+.� �� ��'  � * ��+�' %��  ,% 

$10�+� ," �,% �(,%� %�,�,��* 10 ��'  � $1$,+��� +1  ,� 12!"  )'�,: 

 

�
�

��
n

i
i nxxa

1
1

�
      (4.9) 

� ��
�

���
n

i
i nxx�a

1

22
2

��
               (4.10) 

� � � ��
�

��
n

i
i �nxxa

1

33
3

��
               (4.11) 

� � � ��
�

��
n

i
i �nxxa

1

44
4

��
               (4.12) 

 

: �� , +�*," (mean) 10��� +�$�� /�� � $��/-+��*� 10��� +0� ��'  �" �/'�,%�1"  $�� %�.*1�" �,% 

��+�#�,� �� ��'  �" 1/ �+!*1�"  �� ��)�+� )��  ,% *%* !+� ," Pearson: 

 

� �
C

aa
ab �

��
�� 343

1

�
���                 (4.13) 

� �
C

aa
b �

��� 2
34

0

34 �
��                 (4.14) 

� �
C

aa
b �

��� 632 2
34

2

��
��                (4.15) 

 

,'�,% 181210 2
34 ��� aaC
���

. 6(1� ��)� �)��10 ' � ab �1  /�� � *� , �)��+'"  �� ��)�+� )�� 

+1�.�1 �� * �"  )1�". 

: �� , ��),�,+�* !"  �" *(�*�" (4.4) �(1� $-, �)��+� �/�" )031",  ' 1  , *-* �+� Pearson 

�����)�* # +0� �1��/1%+��� �! � /� ��,+! (beta distribution). �0�" /�� � /� ��,+! �! � ,)031 �� 

+�*� *1 ��� �1�1)�*+��, $�#* �+�, � +��,$," 1/ 0+�*�"  �� * ��+�' %��� +�,)10 �� ,$��!*1� *1 

��� +,� ��, * , ,�,0, /#�,�1" ��'  �" ��)� �)!*1�" �)0*/,� �� �2� ��'  , $�#* �+� �,% �(1� 

,)�* 10. �0� “��.*�+�” �-*�  ,% �),��!+� ," �% ,-, 10��� �� �0�1� 1/+1 #��1%*�  ,% 1�#(�* ,% /�� 

 ,% +���* ,%  ,% $10�+� ,", * �� 1/ 0+�*�. 

�,���" /� ��,+�", '��" ,� normal Students t, gamma /�� beta /� ��,+! ��!/,%� * �� ,�/,���1�� 

 �� /� ��,+.�  ,% *%* !+� ," Pearson. � ��)� !)�*� �% !, �����)0* � �� /�� �)�&�/# * , *(!+� 

4.1 �,% �/,�,%�10. 
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 �
�� 4.1 �����)#* �*�  ,% *%* !+� ," Pearson * , 1�0�1$,  �� � �4
2
3 aa , . �, ')�, ��� '�1"  �" /� ��,+�" 

��, 1�10 � �)�++! 12
34 �� aa . �� �� ���/,0 �)��+,0 ���&�),� �� * � ��)�$,*��/! 

/� ��,)�,�,0�*�  �� /� ��,+.� Pearson. ��  -�,� I /�� II ��, 1�,-� �! � /� ��,+�"  ,% �). ,% 
10$,%". � *�+1�,�)�&0� I(J,U) ���&�)1 �� *1 J- /�� U- *(�+� �*+��1" /� ��,+�" /��  , I(M) 
���&�)1 �� * �� /� ��,+! +1 +0� +'�, /,)%&! (+1 ��� +'�, +���* ,). �, ')�, +1 �2-  �� I(J,U) 

/�� I(M) 10��� � /�+�-�� � �� � � � � �12983965344 2
34

2
4

2
3

22
34

2
34 ������� aaaaaaaa . � 

 -�," III 10��� � /� ��,+! Gamma ���  �� ,�,0� �*(-1� ' � 3
2

3 2
34 �� aa . �  -�," IV 10��� � 

/� ��,+! �! �  ,% $1- 1),% 10$,%". �  -�," V (�)�/ �)031 �� ��'  �� /�+�-�� 

� � � �� �6323443 2
34

2
34

2
4

2
3 ����� aaaaaa . �  -�," VI ��, 1�10  �� �1)0� �*� '�,%  , 

02
210 ��� xbbb  �(1� *-��1 1" )031". �  -�," VII 10��� � Student t /� ��,+!. 

 

 

4.3 ��� ��
����� Pearson 

 

6(1� ��,$1�(�10 ' � 1#� ,� score /� ��,+�" 10��� ���* �",  ' 1 ,� score *%��) !*1�" 10��� � 

/� �����' 1)� 1���,�! ���  �� �� ���)�����'+1�� (contrast) *%�#) �*�. 	 � �),*����*�  �" 

+1��* ,�,0�*�"  �" �����' � �", ,� ����01" /� ��,+�" %�,�,�03,� �� ��' ��� ��)�+1 )�/' +,� ��,. 

	 � +��,$, '�,% ()�*�+,�,�10 ��  , *-* �+� Pearson, ,� ����01" /� ��,+�" %�,�,�03,� �� $��+�*,% 

 �� ,)��/.� (marginal) /� ��,+.� �),*�)+'3,� #"  1" * , +,� ��, Pearson +1 ()!*�  �" +1�'$,% 

 �� * ��+�' %��� '��" �1)��)#&�/1 �),��,%+���". � �),*�)+,�! * , *-* �+� Pearson �0�1 �� 

1������� �/# +�()�" ' ,% �� *%�/�0�1� , ���')��+," �1� �* ,�,0�*�". 

� ���')��+," �1� �* ,�,0�*�"  ,% /)� �)0,% �% ,-, +�,)10 �� 10��� ,�,�,*$!�, 1 ICA ���')��+,", 

* ,� ,�,0, 1&�)+'3,� �� ,� $��&,)�"  �" +1��* ,�,0�*�"  �" �����' � �", '��" 10��� , ���')��+," 

&%*�/!" ���+� !" +1 ��,�!" ! *(1 �/!" ���+� !" +1 ��,�!": 

 

� �� � k
T

kk �I WyyWW ����1                (4.16) 

 

,'�,%  10��� , ���+'" 1/+#��*�". ��0*�" ���" #��," ���')��+," �,% +�,)10 �� ()�*�+,�,���10 

10��� , (fixed point) ���')��+," �+1 #��� �� *�+10�� �,% �(1�  � +,)&!: 
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� �� � � �� �� �� � kii
T

kk yy�E�E WyyDWW diag����1              (4.17) 

 

,'�,% � �� � � �� �� �� �iii y�Eyy�ED %�� 1diag . 

 

�0�" /��  , *-* �+� Pearson %�1) 1)10 *1 +,� 1�,�,��+��1" /� ��,+�" �,% 10��� /,� # * �� 

/��,��/! /� ��,+!, ���# $1� �),*&�)1� /#�,�� �2�,*�+10� � ��1,�1/ !+� � /� #  � 

+,� 1�,�,0�*� /� ��,+.� �,% ���(,%� �)/1 # ��'  �� /��,��/! /� ��,+!, ()�*�+,�,�,-� �� 

�+1 #��� 1" +� �)�++�/' � 1" �"  � �� ���)�����'+1�� *%�#) �*�, ' �� � kurtosis $��&�)1� *1 

�,�- +1�#�, ���+' ��'  �� kurtosis  �" /��,��/!" /� ��,+!". �1 �% !  � �),*����*�, 

1�� �(-�,� �� ,� %�,�,��*+,0 /�� ��,&1-�,� ��  � �),��!+� � 1/ 0+�*�" �,% +�,)10 �� �),/-4,%�, 

' �� +0� /� ��,+! �(1� “��)�#” /,)%&!  ! +,)&! J- ! U- *(�+� �*+��� /� ��,+! *1 ��� 

�1�1)�*+��, $�#* �+�. �� �+1 #��� 1" +� �)�++�/' � 1" +�,)10 �� 10��� ,�,�1*$!�, 1 /� #����� 

1���1�+��1" +� �)�++�/' � 1". ��� ��)#$1��+� +�,)10 �� ()�*�+,�,���10 � /%��/! 

�� ���)�����'+1�� *%�#) �*� ' �� � /� ��,+! 10��� 21/#��)� sub-Gaussian,  , *-* �+� Pearson 

' �� � /� ��,+! 10��� �1)0�,% Gaussian /�� � �� ���)�����'+1�� *%�#) �*�  �" %�1)�,��/!" 

1&�� ,+���" ' �� � /� ��,+! 10��� 21/#��)� super-Gaussian. �, ��1,��/ �+�  �" ()!*�"  ,% 

*%* !+� ," Pearson 10��� ' � � +��,$," +�,)10 �� $��(�)0*1�  �" ����" �,% �(,%� �*-++1 )� 

/� ��,+! /��  �� 0$�� kurtosis +1  �� Gaussian /� ��,+!. 

	 � �1�)#+� � �,% ������, ����1 ()!*�  ,% ���')��+,% �+1 #��� �� *�+10�� (fixed point) /��  �" 

�� ���)�����'+1��" %�1)�,��/!" 1&�� ,+���" � � � �yy� 2tanh�   '*, ��� 21/#��)� sub-Gaussian 

'*, /�� 21/#��)� super-Gaussian ����". �� ')�� +1 �2-  �� �� ���)�����'+1��� *%��) !*1�� 

��),%*�#3,� �� * , *(!+� 4.2. 

 

 
 �
�� 4.2 �� �� ���)�����'+1�1" *%��) !*1�" �,% ()�*�+,�,�,-� �� * ,� ���')��+, Pearson-ICA, 

�����)0* �� �� * , 1�0�1$, � �4
2
3 aa , . �, ')�, ��� '�1"  �" /� ��,+�" ��, 1�10 � �)�++! 

12
34 �� aa . �� sub-Gaussian ����" ,)031 �� �� �(,%� kurtosis ���' 1)� ��' 2.6 /�� � *� 

�2�,�,�10 �� � �� ���)�����'+1�� %�1)�,��/! 1&�� ,+���. �� super-Gaussian ����" ,)031 �� �� 

�(,%� 42
34 �� aa  /�� � *� ()�*�+,�,�10 �� /�� �#�� � %�1)�,��/! 1&�� ,+���. 	 �� �1)�,(! �,% 

�)0*/1 �� +1 �2- �% .�  �� ,)0��, ()�*�+,�,�10 ��  , *-* �+� Pearson. � 1���,�!  �� ,)0�� 
��*031 �� * � �)�/ �/! 12#*/�*�. 
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� $��$�/�*0� ���  ,� ���')��+, Pearson-ICA $0�1 �� �" �/,�,-��": 

����#��4�  �� ��)�/# � ��+# �� +�()� �� 1�� 1%(�10 *-�/��*� 

1. �,�,��*+'"  ,% 3,% /�� 4,% * ��+�' %�,%  ,% $10�+� ," 3a  /�� 4a  ���  �  )�(,� � $1$,+��� 

xWy kk �  /�� 1���,�!  ,% *%* !+� ," Pearson !  �" �+1 #��� �" �� ���)�����'+1��" 

*%�#) �*�" (tanh) *-+&��� +1  , *(!+� 4.2. 

2. �#� �(1� 1���1�10  , *-* �+� Pearson, �� �0�1� 1/ 0+�*�-%�,�,��*+'"  �� ��)�+� )��  �" 

/� ��,+!" ��'  � +��,$,  �� * ��+�' %���. 

3. �,�,��*+'"  �� score *%��) !*1�� � �k� y  ���  , *-* �+� Pearson !  �� �� ���)�����'+1�� 

*%�#) �*�. 

4. �,�,��*+'"  ,% �0��/� $��(�)�*+,- (demixing matrix) 1�kW  /#�,� �" ()!*�  ,% ���')��+,% 

 �" *(�*�" (4.16) !  �" *(�*�" (4.17). 

�0�" /��  '*, ,� 1/ �+� �"  �� * ��+�' %��� ���  �" ��)�+� ),%" '*, /�� � score *%�#) �*� 10��� 

����" �,��/�" *%��) !*1�", , ���')��+," Pearson-ICA 10��� %�,�,��* �/# �)!�,),". 	 �� �1)0� �*� 

'�,% ,� ����" 10��� �1)0�,% Gaussian, &�0�1 �� ' � , ���')��+," 10��� ��, �)!�,)," ��'  �" 

�+1 #��� 1" +� �)�++�/' � 1", �����'� 1�1�$! � *%�#) �*�  �" +1��* ,�,0�*�"  �" �����' � �" 

��)�(1� ��, �)!�,)� *-�/��*�. 

��0*�" +�,)10 �� �0�1� /�� *%�$%�*+'"  �� 1/ �+!*1��  �� ��)�+� )�� (*(�*� 4.13) /��  ,% 

%�,�,��*+,-  �" score *%�#) �*�" (*(�*� 4.4) ��� �� ��&�10 � score #+1*� �" *%�#) �*�  �� 

* ��+�' %���  ,% $10�+� ,". <* 1)� ��' ,)�*+��,%" (1�)�*+,-" ��+�#�,� �� ,� 12!" *(�*1�" ���  �� 

score *%�#) �*� /��  �� ��)#���,  �" score *%�#) �*�": 

 

� � � � � �� � Baaxaax� 185123 4
2
343 �����               (4.18) 
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             (4.19) 

 

,'�,% � � � �4
2
3

2
434

2
3 236343 aaxaxaaaB ������� . 

 

 

4.4 !����������� ������������� ������ 

 

��� �� �0�1� �� ���� ! � ��'$,*�  ,% ���')��+,% Pearson-ICA, �* � ��� ��)#$1��+� +1 ��� 

*%�$%�*+'  )�.� *�+# ��: +0� �+� ,�,1�$!" /%+� ,+,)&! (sub-Gaussian ���!), ��� *%++1 )�/' 
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*!+� EEG (super-Gaussian ���!) /�� +0�  %(�0� Gaussian �/,�,%�0� +1 +�$1��/' mean /�� 

+,��$��0� $��/-+��*�. �)'/1� �� ��� +0� ���! �1)0� �*�, * �� ,�,0� '�1" ,� +��,$,� ICA 

���+��1 �� �� $,%��4,%� �)/1 # /��#. 

� ���')��+," Pearson-ICA *%�/)0�1 �� +1  )1�" $��&,)1 �/�" +� �)�++�/' � 1"  ,% ��/� ,% 

FastICA /��  ,% ���')��+,% JADE. 	 , ��)#$1��+� ()�*�+,�,�,-� ��  )0� +!/� ���  � *!+� �, 

2000, 5000 /�� 10000 /�� �0�1 �� �),*�#�1�� ��)����!" 1000 realizations ���  , /#�1 ��� ��'  � 

+!/� �% #. 

�, *(!+� 4.3 �����)�* #  � �)(�/# ����0� *!+� � (4.3a),  � *%�$%�*+��� *!+� � (4.3b) /��  , 

��, ��1*+�  ,% $��(�)�*+,-  �� *%�$%�*+���� *�+# �� (4.3c) ��'  ,� ���')��+, Pearson-ICA. 

:��" &�0�1 �� /�� ��'  , *(!+� 4.3c, ,� ����" �(,%� $��(�)�* 10 /��#, +1  � +'�� ��* �*� ' �  � 

����0� *!+� � +1 #  , $��(�)�*+' �)0*/,� �� *1 $��&,)1 �/�" ��*1�" *1 *(�*� +1  � ��*�  �� 

�)(�/.� ����0�� *�+# ��. 

 

 
 �
�� 4.3 ���(�)�*+'" +0�" �+� ,�,1�$,-" /%+� ,+,)&!", 1�'" *!+� ," EEG /�� 1�'" *!+� ," Gaussian 

�,)-�,% +1 ()!*�  ,% ���')��+,% Pearson-ICA. 

 

 

� *-�/)�*�  �� +1�'$�� �)��+� ,�,�10 �� +1  ,� %�,�,��*+'  �� SIR (Signal to Interference 

Ratios) � � � �MSE10logdBSIR 10�� , +1 �2-  ,% zero mean /��  �" +,��$��0�" $��/-+��*�"  �� 

/��,��/,�,��+���� *�+# ��. �� ����" /��  � �),*�)+,3'+1�� *!+� �  ��)�#3,� ��, �1�).� �"  , 

*!+� +1  �� 1�#(�* �  �+! SIR �"  �� 1/ 0+�*�  ,% $��(�)�*+,-  �� *%�$%�*+���� *�+# ��. �� 

+�*1" SIR  �+�" ���  � $��&,)1 �/# +!/� *!+� ," ��),%*�#3,� �� * ,� �0��/� 4.1 �,% �/,�,%�10. 
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!���	�� 4.1 

 � ��'$,*�  ,% *&#�+� ," SIR ���  ,� ���')��+, Pearson-ICA,  ,� ���')��+, JADE /�� $�#&,)1" 
�� ���)�����'+1�1" *%��) !*1�"  ,% ���,)0�+,% FastICA (*%++1 )�/! �),*����*�). �� ����" /��  � 
$��(�)�*+��� *!+� � /��,��/,�,�!��/�� �� �(,%� zero mean /�� +,��$��0� $��/-+��*�. ��  �+�" SIR 10��� ,� 
+�*1"  �+�" ��' �1)�**' 1)1" ��' 1000 �)��+� ,�,�!*1�". 

 
 

 

 

�� ��, 1��*+� �  �" *-�/)�*�" $10(�,%� ' � $1� %�#)(,%� *�+�� �/�" $��&,)�"  �" ��'$,*�" /� # 

 , $��(�)�*+', +1 �2-  ,% ���')��+,% Pearson-ICA /��  �� #����  1**#)�� ���')��+�� �,% 

()�*�+,�,�!��/�� ���  , *%�/)� �/'. 
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)������� 5 
�"50�0  PARRA TEMPORAL PREDICTABILITY  

 

 

5.1 "�����
 

 

	(1$'� ,�,�,$!�, 1 *!+� �,% +1 )# �� ��' ��� &%*�/' *-* �+� 10��� * �� �)��+� �/' � � ���" 

*%�$%�*+'" ��' * � �* �/# ��12#) � � ����0� *!+� �. ��)'�� �% #, 1�1�$!  � ����0� *!+� � 

��)#�,� �� *%�!��" ��'  �� /0��*� +0�" +#3�" (�.(. ����'+1�1" +1+�)#�1"), � +,)&!  �� ����0�� 

*�+# �� 12�) # �� ��'  ,%" �'+,%" �,% 1���(,%�  , �." ,� +#31" /��,-� �� *1 /#�1 (),��/' 

$�#* �+�. �% ! � ��)� !)�*� %�,�,10 ' � �/'+� /�� � ��, &1�$��! 12!��*� ���  �� �,�%��,/' � � 

1�'" ��)� �),-+1�,% *!+� ," 10��� ' � ��, 1�10 �� ��' ��� *%�$%�*+' ��' ���,-* 1)� ����0� 

*!+� �, /#�1 ��� ��' $��&,)1 �/! &%*�/! ���!. �$., � ��)� !)�*� �% ! ($���$!  � observed 

signals) ()�*�+,�,�10 �� �" � �#*� ���  �� ��#/ �*�  �� ����0�� *�+# �� ��'  ,%" *%�$%�*+,-" 

 �� *�+# �� �% .�. 

6* � $-, #��)��,� �,% +��#�1  �% '(),��, +1 /#�1 # ,+, �� �)0*/1 �� *1 $��&,)1 �/! ��'* �*� 

��' $-, +�/)'&���. �#�1 +�/)'&��, /� ��)#&1� ��� �)�++�/' *%�$%�*+'  �� $-, &��.� ( �� 

�(� �/.� *�+# �� �,% �),�)(,� �� ��'  ,%" ,+��� �"). �� $-, �(� �/,0 *%�$%�*+,0 �,% 

�),/-� ,%�, (�)�/ �)03,� �� ��'  )1�" �1��/�" �$�' � 1"  �� �)�++�/.� *%�$%�*+.� ��' 

* � �* �/# ��12#) � � ����0� *!+� �: 

1. �),��/! �),��14�+, � � (1�/�*0�) : � (),��/! �),��14�+' � � ,�,�,%$!�, 1 *%�$%�*+,- 

*�+# �� 10��� +�/)' 1)� (! 0*� +1) ��'  � (),��/! �),��14�+' � � ��' ,�,��$!�, 1 ��'  � 

�)(�/# ����0� *!+� �, �,% *%��� ,%�  ,� *%�$%�*+'. 

2. Gaussian *%�#) �*� �%/�' � �" �����' � �": �, �1.)�+�  ,% /1� )�/,- ,)0,% (central limit 

theorem) 12�*&��031� ' � , ���+'" *-+&��� +1  ,� ,�,0, � *%�#) �*� �%/�' � �" �����' � �" 

(pdf) ,�,�,%$!�, 1 *%�$%�*+,- �),*1��031�  �� Gaussian /� ��,+! 10��� +1���- 1)," (! 0*," 

+1) ��' ,�,�,$!�, 1 ��'  � �)(�/# ����0� *!+� �, �,% *%��� ,%�  , *%�$%�*+��, *!+�. 

3. 	 � �* �/! ��12�) �*0� : � ���+'"  �" * � �* �/!" ��12�) �*0�" ��#+1*� *1 $-, ,�,��$!�, 1 

*%�$%�*+,-" *�+# �� 10��� +�/)' 1)," (! 0*," +1) ��'  , ���+' ��12�) �*0�" ��#+1*� *1 $-, 

����0� *!+� �. 

� 2� �$�' � � *(�+� 031�  � �#*�  �" “projection pursuit” (Friedman 1987) /�� ,� �$�' � 1" 1 /�� 2 

��, 1�,-� /)0*�+1" /�� �1+1��.$1�" %�,��*1�"  �" ��12#) � �" ��#�%*�" *%��* �*.� (ICA). ��� ,� 

 )1�" �$�' � 1" ��, 1�,-� �1��/# (�)�/ �)�* �/#  �� *%�$%�*+���� *�+# ��. 	1 �� 0�1*� +1  �" 

�$�' � 1" 2 /�� 3, � �$�' � � 1 ((),��/! �),��14�+' � �) $1� ()�*�+,�,�10 �� �,�- �" �#*� ���  , 

$��(�)�*+' ���.�. 

��)'�� �% #, � (),��/! �),��14�+' � � �(1� ()�*�+,�,���10 �" �),*�!/� – �),*�-2�*� * �" 

 %��/�" +1�'$,%" $��(�)�*+,- ���.�, '��" � ICA. �% �" ,� *%+�� �/�" +��,$,� $��(�)�*+,- 

���.�, ,)03,� �� +1 '),%" +,� 1�,�,0�*�"  �� pdf /��  �� �� 0* ,�(�� *%**�)1% �/.� 
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*%��) !*1�� �%/�' � �" (cdf)  �� ����0�� *�+# ��. �� ,�1" +��,$,� 10��� * ��1)�" ���&,)�/# +1 

 �" (),��/�" �� �+1 ���*1�"  �� *�+# ��. 

	 , /1&#���, �% ', ��),%*�#31 �� +0� +��,$," �,% ��*031 �� )� #, *1 ��� ���' /)� !)�,  �" 

(),��/!" �),��14�+' � �". � ��*�/'" */,�'", 10��� �� ��,$1�(�10 ' � +1��* ,�,�.� �"  �� (),��/! 

�),��14�+' � � /�� +'�, �% ', +�,)10 �� 10��� �)/1 ' ��� �� 1�� 1%(�10 , $��(�)�*+'" 

*%�$%�*+���� *�+# �� * � �)(�/# ����0� *!+� �. ��)#  , �1�,�'" ' �, +�,),-� �,�- 1-/,�� �� 

$�+�,%)���,-� �,��# ��)�$10�+� � �,% $10(�,%� ' � �% ! � 1�/�*0� $1� & #�1� ���  , $��(�)�*+' 

*%�$%�*+���� *�+# �� * � �)(�/# ����0� *!+� �, ���" ��, 1�0*�+," ,)�*+'"  �" 1�/�*0�" �% !" 

(�,% ��),%*�#31 �� * �� 1�' � � 1.4) 10��� �)/1 # $%��+�/'", /�� +�,)10 �� �� �+1 ��0*1� '��  � 

��)�$10�+� � �,% �),*���,-� �� /� �))04,%�  �� 1�/�*0�  �" (),��/!" �),��14�+' � �". 

����),*�� �", ��, 1��*+� � $��(�)�*+,- ��' $�#&,)� ����0� *!+� �, $10(�,%� ' � � 1�/�*0�  �" 

(),��/!" �),��14�+' � �" 10��� ������! ��� +1�#�, 1-)," )1���* �/.� &%*�/.� *�+# ��, '��" 

�(� �/# *!+� �, +,%*�/# *!+� � /��. 

 

 

5.1.1 0����� ��� �����
����� 	�� �����	
 ������(������� 

 

6* � +0� ,+#$� ��' K * � �* �/# ��12#) � � ����0� *!+� � � �t
K21 s||s|s ��s , '�,% � i-,* ! 

�)�++!  ,% s 10��� ��� *!+� is  �,% �(1� +1 )��10 *1 n (),��/# *�+10� ( , �)#++� t $��.�1�  ,� 

 1�1* ! transpose). 	1 '�,  , /1&#���,, �1�)10 �� ' �  � ����0� *!+� � 10��� * � �* �/# 

��12#) � �, 1/ '" /�� �� $��.�,� �� $��&,)1 �/#. �0� ,+#$� ��' KM (  �)�++�/.� *%�$%�*+.� 

 �" +,)&!" � �t
Mxxx ||| �21�x   �� *�+# ��  ,% s +�,)10 �� $�+�,%)���10 +1  � ()!*� 1�'" 

KM �  �0��/� *%�$%�*+.� (mixing matrix) A, �" 12!": 

sx A�  

�#� ,� �)�++�" * ,� �0��/� A 10��� �)�++�/# ��12#) � 1" (�% ' +�,)10 �� 1�� 1%(�10 1#� ��� 

��)#$1��+�  ,�,�1 ��10 , /#�1 ���" ��'  ,%" K ,+��� �" *1 $��&,)1 �/! ��'* �*� ��' /#�1 ��� 

��'  � M +�/)'&��� /� ��)�&!"  �� �(� �/.� *�+# ��),  ' 1 /#�1 ����0, *!+� is  +�,)10 �� 

���/ ��10 ��'  ,� x +1 ��� M�1  �0��/� iW  *-+&��� +1  �� �/'�,%�� *(�*�: 

xii Ws �  

�, �)'���+� �,% 1+&��031 ��, 10��� � 1-)1*� 1�'"  � ,�,% �0��/� $��(�)�*+,- (unmixing matrix) 

� �t
K|W||WWW �21� ,   � ,�,% .* 1 /#�1 $�#�%*+� �)�++! iW  �� ���/ # ��� $��&,)1 �/' *!+� iy , 

'�,% iy  10��� +0� /��+�/�+��� (scaled) 1/$,(!  ,% ����0,% *!+� ," is , ��� MK �  *!+� �. 
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5.1.2 ��� �������	
 ������� 

 

� +��,$," ���  �� ��#/ �*�  �� ����0�� *�+# �� ��*031 �� * �� �/'�,%�� 1�/�*0�: � (),��/! 

�),��14�+' � � 1�'" *%�$%�*+��,% *!+� ," ix  10��� *%�!��" +�/)' 1)� ��' ,�,��$!�, 1 (),��/! 

�),��14�+' � �  ,% /��1�'" ��'  � ����0� *!+� � �,% *%�1�*&�),%� * , ix . ��� ��)#$1��+�, � 

/%+� ,+,)&! �,% ��+�#�1 �� ��'  � *-��1*� $-, �+� ,�,1�$.� /%+# �� +1 $��&,)1 �/�" 

*%(�' � 1", 10��� ��, �,�-��,/� ��'  , /#�1 ��� ��'  � �)(�/# �+� ,�,1�$! *!+� �. 

� �),��,-+1�� ��)� !)�*� ()�*�+,�,�10 �� ���  ,� ,)�*+' 1�'" /)� �)0,% � �x,WF i  ���  � (),��/! 

�),��14�+' � �,  , ,�,0, ()�*�+,�,�10 �� * � *%��(1�� ���  �� 1/ 0+�*�  �" *(1 �/!" 

�),��14�+' � �" 1�'" *!+� ," iy , �,% �(1� ���/ ��10 ��' ���� $1$,+��, �0��/� iW , '�,% 

xii Wy � . �#�  � ����0� *!+� � 10��� �1)�**' 1), �),���4�+� – ���+1�'+1�� ��' ,�,�,�$!�, 1 

�)�++�/' *%�$%�*+' iy  �% .�  �� ����0�� *�+# ��,  ' 1 �  �+!  ,% iW , � ,�,0� +1��* ,�,�10  �� 

�),��14�+' � � 1�'" 12��'+1�,% *!+� ," iy , �� �)��1� �� “��,&�)1�” ��� ����0, *!+� (��� 

��)#$1��+� ii csy � , '�,% c 10��� +0� * ��1)#). 

�0� �1�)� �/'-���),&,)�/! ��#�%*�  �" *%�#) �*�" F ��,$1�/�-1� ' � � +1��* ,�,0�*�  �" 

(),��/!" �),��14�+' � �" 1�'" *!+� ," �*,$%��+10 +1  � $��&,)�/! +1��* ,�,0�*�  �" $-��+�"  �� 

*%��* �*.�  ,% Fourier, �,% �(,%�  �" (�+��' 1)1" ('(� +�$1��/�") *%(�' � 1". � *%�#) �*� F 10��� 

* ��1)! ���&,)�/# +1  � $-��+�  �� (�+��'*%(��� *%��* �*.�  �� *%�$%�*+���� *�+# �� /�� 

��� �% '  , �'�,  10�1� �� 1��*(-1� $��&,)�/# �/'+� /�� �,�- +�/)!" $-��+�" *%��* .*1", ,� ,�,01" 

�(,%�  �� (�+��' 1)� ('(� +�$1��/!) (),��/! *%(�' � �, 

 

 

5.1.3 -��������� ��� �����	
� ������(�������� 

 

� ,)�*+'"  �" �),��14�+' � �" *!+� ," F �,% ()�*�+,�,�10 �� 1$. �(1�  �� 12!" +,)&!: 

 

� � � �
� �

� �
� ��

�
�

�

�

�
���

n

��

n

��

i

i

i

i
i

yy

yy

U

V

,WU

,WV
,WF

1

2

1

2

�

�

~
logloglog

x
x

x               (5.1) 

 

,'�,% �i� Wy x�  10��� �  �+!  ,% *!+� ," y  � (),��/! * ��+! � /�� �x  10��� $�#�%*+� �,% 

��, 1�10 �� ��' K  �+�"  ,% *%�$%�*+��,% *!+� ,"  � (),��/! * ��+! �. � ')," iU  ��1�/,�031�  , 

���+' * ,� ,�,0,  , �y  �(1� �),��1&�10 ��' ��� +�/)!" $�#)/1��" (short term) /��,-+1�, +�*, �y~  

 ��  �+.� * , y. 	1 �� 0�1*�, , ')," iV  ��, 1�10 +0� +� )�*�  �" *%�,��/!" $��/-+��*�" * , y, 

/��." +1 )# �� ��'  , ���+' * ,� ,�,0,  , �y  �(1� �),��1&�10 ��' ��� +�/)#" $�#)/1��" (long 

term) +�*, �y   ��  �+.� * , y. �� �),��1&�10"  �+�" �y~  /�� �y   ,% �y  ��, 1�,-� (/�� ,� $-,) 
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1/�1 �/# * ��+�/# ��),0*+� �  ��  �+.�  �� *�+# �� �,% �(,%� +1 )��10 +�()�  , (),��/' 

$�#* �+� � �1�� , .* 1 ,� �)'*&� 1"  �+�" �� �(,%� +1���- 1)� ��)- � � ��' �),��,-+1�1"  �+�": 

 

� � � � � �

� � � � � �
 

:

:

101

101

11

11

$$���

$$���

��

��

L�L�L�

S�S�S�

�    y�y�y

�    y�y�y ~~
   (5.2) 

 

� +�*!-3�! (half life) Lh   ,% L�  $��)/10 �,�- �1)�**' 1), ( %��/# 100 &,)�" +�/)- 1)�), *1 *(�*� 

+1  �� �� 0* ,�(� +�*!-3�! Sh   ,% S� . � *(�*� ��#+1*� * � +�*!-3�! h /�� * �� ��)#+1 ), � 

,)031 �� �" h�
1

2
�

� . �� *�+1���10 ' � +1��* ,�,�.� �" +'�,  ,� '), iV , �� 10(1 �" ��, ��1*+� 

��� *!+� %4��!" $��/-+��*�" (�)0" �1)�,)�*+,-" * � (),��/!  ,% $,+!. �� 0�1 �, +1�.�,� �" +'�, 

 ,� '), iU  �� 10(1 �" ��, ��1*+� ��� *!+� DC. ��� * �" $-, �1)�� .*1�", +�,),-� �� ��&�,-� 

*%����*+��1" �-*1�" ���  , iW , 1�1�$!  , iV  +�,)10 �� +1��* ,�,���10 �� ,� �"  �� �')+�  ,% iW  

�� 10��� +1�#�� /��  , iU  +�,)10 �� 1��(�* ,�,���10 �� ,� �" 0�iW . �� ��� �" , �'�," ii UV  

+�,)10 �� +1��* ,�,���10 +'�, ' �� �/��,�,�,-� �� /�� ,� $-, �1)�,)�*+,0  �% ,()'��": (1)  , y �(1� 

��� +� +�$1��/' 1-)," (�.(. %4��! $��/-+��*�) /�� (2) ,�  �+�" * , y �� +1 ��#��,� �� �)�# * , 

()'�,. �� *�+1���10 1�0*�", ' � �  �+!  ,% F 10��� ��12#) � �  �" �')+�"  ,% iW , � *� .* 1 +'�, 

������" * � $�1-�%�*�  ,% iW  �� 1��)1#3,%�  ��  �+!  ,% F. 

 

 

5.1.4 0��7����� 6��� ��� ������(������� 
����� 

 

6�� �� �-��)#$1��+� * �� 1�/�*0�  �" (),��/!" �),��14�+' � �" 10���  , �/'�,%�,. 6* � $-, 

�+� ,�,1�$! ����0� *!+� � 1s  /�� 2s  +1  �� 0$�� �1)0,$,, .* 1 	ss �� 12 . �, *%�$%�*+��, *!+� 

21 sss ��  10��� +�$�� *1 '��  � (),��/# *�+10� /�� ��� �% '  , �'�, 10��� �)/1 # �),���4�+,. 

��.  , s 10��� $���*�� �/# �),���4�+,, , �1� ,%)��/'" ,)�*+'"  �" �),��14�+' � �" F �,% 

()�*�+,�,�10 �� 1$. 10��� $%�� ! (robust) ���&,)�/# +1  � ,�,% 10$,%" �� �-��)�$10�+� �. ��, 

*%�/1/)�+���, �  �+!  �" *%�#) �*�" F $1� ,)031 �� ���  , s , �&,- 1#�  , s=0 ��� ,-,  ' 1 �� �*(-1� 

' � ii UV �  /�� 00log�F . �� �* )'&�", 1#� ,� *%(�' � 1"  �� 1s  /�� 2s  $1� 10��� �/)��." ,� 

0$�1",  ' 1 �  �+!  ,% F +�,)10 ���,� �� ,)�* 10. 

� ��1�0*�+� 1�/�*0�  �" (),��/!" �),��14�+' � �", +�,)10  .)� �� $�� %���10 2��# 1�0*�+�, *1 

*(�*� +1  � *%�#) �*� F �" �/,�,-��": "�� � ���
 ��� F ��� ����7���� �� ��� ��������� 


�� ix  ������ �� ������, ���� � ���
 ��� F ��� ��� 	�,� ������� ����� ���������� ��� (
 

�� ��) ��� ���
 ��� F ��� 	�,���� ��� �� ������ 
���� ��� ���������� �� ��������� 


�� ix . 
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5.2 ����������� ��� ������(�������� 
����� 

 

5.2.1 "������
 � ���� 
�� 

 

6* � ��� ���+� ' *%�$%�*+��, *!+� iy   , ,�,0, �(1� *(�+� �* 10 +1 �#*�  �� 1&�)+,�! 1�'" 

M�1  �0��/� iW  *1 +0� ,+#$� ��' MK �  *!+� � x. �,��� ," ' �  , iy  �*,- �� +1 xii Wy � , � 

120*�*� (6.1) +�,)10 �� �)�& 10 2��# �" �/,�,-��": 

 

t
ii

t
ii

WCW

WCW
F ~log�      (5.3) 

 

,'�,% C  10��� ���" MM �  �0��/�" ��' +�/)#" $�#)/1��" covariance (���'+1�� ��'/��*�" 2 

 %(�0�� ��' +�*,) +1 �2-  �� *%�$%�*+���� *�+# �� /�� C
~

 10��� , �� 0* ,�(," �0��/�"  �� 

+�/)!" $�#)/1��" covariance. �, +�/),*/1��" covariance ijC  /��  , +�/),*/1��" covariance ijC
~

 

+1 �2-  �� i-,* .� /�� j-,* .� *%�$%�*+.�, ,)03,� �� �" �/,�,-��": 

 

� �� �

� �� �j�j�

n

�

i�i�ij

j�j�

n

�

i�i�ij

xxxxC

xxxxC

���

���

�

� ~~~

    (5.4) 

 

�� *�+1���10 ' � ,� �0��/1" C
~

/�� C  ()1�#31 �� �� %�,�,��* ,-� +'�, +0� &,)# ��� +0� $1$,+��� 

,+#$� *%�$%�*+.� *!+� ," /�� ,� '),� � �i�i� xx �  /�� � �i�i� xx ~�  +�,),-� �� �),8�,�,��* ,-� +1 

()!*� �)!�,)�� $��$�/�*�.� �1)����2�". 

� ���+� ! +1 ��,�!  �" /�0*�" * �� F *(1 �/# +1  , iW  �� +�,),-*1 �� ()�*�+,�,���10 ���  � 

+1��* ,�,0�*�  �" F, /�� � *� �� +1��* ,�,���10 /�� � �),��14�+' � �  ,% iy . �, ��)#���,  �" F 

*%��) !*1�  ,% iW  $0�1 �� ��'  ,�  -�,: 

 

C
U

W
C

V

W
FW

i

i

i

i
i

~22
��-      (5.5) 

 

�0� $��$�/�*0� �1� �* ,�,0�*�" ($1� ()�*�+,�,�10 �� 1$.) �� ��, 1�,- �� ��' 1������+���'+1�1" 

1��+1).*1�  ,% iW  +�()� �� 1� ,��* 10 +0� +1��* ,�,0�*�  ,% F : FWWW iii -�� � , '�,%  10��� 

+0� +�/)! * ��1)# ( %��/#, 0010.�� ). 
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�� *�+1���10 ' � � *%�#) �*� F 10��� , �'�,"  1 )�����/.� +,)&,�,�!*1��. ��� �% '  , �'�,, � F 

�(1� �/)��." ��� global +���* , /�� �/)��." ��� global 1�#(�* ,, +1 '��  � %�'�,��� /)� �/# *�+10� 

�� 10��� )�(��0� *�+10�. �% ' *%�1�#�1 �� ' � � ���+� ! +1 ��,�!  �" /�0*�" 10��� 1��%�+��, ' � 

�� �)1�  , global +���* , * �� F.  �%* %(.", � 1������+���'+1�� 1&�)+,�!  �" ��)��#�� 

$��$�/�*0�" *1 ��� ���' *1  ��' *%�$%�*+,-", 12#�1�  , 0$�, ($���$!  , ��, �),���4�+,) ����0, 

*!+�. ��)#  , �1�,�'" ' � +�,)10 �� ��,&1%(�10 � 12����!  ,% 0$�,% ����0,% *!+� ," +1 ()!*� 

$��$�/�*�.� '��" � ,)�,/��,��/,�,0�*�  �� Gram-Schmidt, %�#)(1� /�� +0� ��, /,+4! +��,$," ��� 

 ��  �% '(),�� 12����! '���  �� ����0�� *�+# ��, � ,�,0� /�� ��),%*�#31 �� * � *%��(1��. 

 

 

5.2.2 *���������� ���������� ����� 

 

� ���+� ! +1 ��,�!  ,% F 10��� +�$�� *1 +0� �-*� '�,%, ��'  �� *(�*� (5.5) �),/-� 1� ' � 

 

CW
U

V
CW i

i

i
i

~
�       (5.6) 

 

�� �/)' � � * �� F �� �* ,�(,-� * �"  �+�"  ,% iW  �,% �/��,�,�,-�  �� *(�*� (6.6), � ,�,0� �(1�  � 

+,)&! 1�'" �1��/1%+��,% �),��!+� ," +1 (�)�/ �)�* �/! *%�#) �*�. ��� �% '  , �'�,, ,� �-*1�" 

���  , iW  +�,),-� �� ��+�#�,� �� �" (�)�/ �)�* �/# $���-*+� �  ,% �0��/� � �CC 1�~
, +1 

�� 0* ,�(1" (�)�/ �)�* �/�" )031" �,% �(,%�  � +,)&! iii UV� � . :��" *�+1�.��/1 /�� ��)��#��, 

 , �). ,  � ,�, (�)�/ �)�* �/' $�#�%*+� ,)031� ��� +���* , * �� F /��  � %�'�,��� ��'  � 

1���,+10��� � (�)�/ �)�* �/# $���-*+� � ,)03,%�  � “)�(��0�” *�+10� * �� F. 

�� *�+1���10 ' � �),��!+� � +1 (�)�/ �)�* �/! *%�#) �*� �(,%� /��+�/�+��� (�)�/ �)�* �/# 

� �3NO , '�,% N 10���  , ��!�,"  �� *%�$%�*+���� *�+# ��. � �0��/�" W +�,)10 �� ��&�10 +1 

()!*� +0�" �1��/1%+��1" ),% 0��" +1 (�)�/ �)�* �/�" )031". �� ��, 1��*+� � �,% ��),%*�#3,� �� 

*1 1�'+1�� 1�' � �, 12�*&��0* �/�� +1 ()!*�  �" *%�#) �*�" (�)�/ �)�* �/.� )�3.�  ,% Matlab : 

� �C,CeigW
~

� . :��  � K *!+� � ���/ !��/�� *-+&��� +1  � *(�*� : xWy � , '�,% /#�1 �)�++! 

 ,% y �� �* ,�(10 *1 �/)��." ��� 12��'+1�, *!+� iy . 

 

 

5.2.3 /��	
 �������� 

 

�� �-*1�" �,% �)���/�� ��'  � ��)��#�� +��,$,, 10���  � (�)�/ �)�* �/# $���-*+� � 

 � �M,W,,WW �21   ,% �0��/� � �CC 1�~
. �% #  � (�)�/ �)�* �/# $���-*+� � 10��� ,)�,�.��� 

* ,%" �0��/1" C  /�� C
~

: 
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0

0

�

�
t
ji

t
ji

WCW

WCW
~

      (5.7) 

,'�,% 

� �� �
� �� ��

�
���

���

�

j�j�i�i�
t
ji

�

j�j�i�i�
t
ji

yyyyWCW

yyyyWCW ~~~

     (5.8) 

 

�1 $1$,+��1"  �" 12�*.*1�"  �" *(�*�" (5.5) +�,)10 �� �1)��)�&10 +0� ��, ���! /�� &%*�/! – 

)1���* �/! 1)+��10�  �" +1�'$,%. 6* � ,� short term /�� long term half life ��)#+1 ),� Sh  /�� Lh  

+1 ')�� � �0.Sh  /�� � �.Lh . 

�). ,� * , ')�, � �0.Sh , , +�*,"  ,% short term 10��� 1�+ �� yy~  /�� ��� �% '  , �'�, �� �*(-1� ' � 

� � ���� yd�dyyy %�+� ~ . 

�1- 1),�, 1#�  , y �(1� +�$1��/' +�*,,  ' 1 * , ')�, � �.Lh , , +�*,"  ,% long term 0+y  /�� 

��� �% '  , �'�, �� �*(-1� ' � � � ��� yyy +� . 	1 �% �"  �" �1)�,)�* �/�" �1)�� .*1�", ,� *(�*1�" (5.7) 

/�� (5.8) *%�1�#�,� �� ' �: 

 

� �
� � 0

0

�

�%%

ji

ji

yyE

yyE
      (5.9) 

 

, '�,%  , � �E  $��.�1� +0� ���+1�'+1�� – �),��1�'+1��  �+!. ��� �% '  , �'�,, +0� 1)+��10�  �" 

+1�'$,%  �" (),��/!" �),��14�+' � �" 10��� ' �  , /#�1 *!+� xii Wy �  $1 *%*(1 031 �� +1 /����� 

#��, *!+� xjj Wy �  /��  , (),��/' ��)#���, x%�% ii Wy   ,% /#�1 12��'+1�,% *!+� ," $1 

*%*(1 031 �� +1  , (),��/' ��)#���, x%�% jj Wy  ,�,�,%$!�, 1 #��,% 12��'+1�,% *!+� ,", '�,% x%  

10��� ��� +1 �����'+1�, $�#�%*+�, �,% ��, 1�10  , (),��/' ��)#���,  �� *%�$%�*+.� x. �#� $-, 

*!+� � iy  /�� jy  10��� * � �* �/# ��12#) � �,  ' 1 �/��,�,�,-� �� ,� *%��!/1" �,% �(,%� ,)�* 10 

* � *(�*� (5.7). 6 *�, ,� *%�$%�*+,0 ��' ��12#) � � *!+� �, 10��� 1��%�+��, ' � +�,),-� �� 

$��*��* ,-� – $��(�)�* ,-� ��'  � +��,$,  �" (),��/!" �),��14�+' � �",  ,%�#(�* ,� ���  �" 

,)�,�1 �+��1" �1)�� .*1�" �,% ���&�)��/�� �),��,%+���". 

 

 

5.3  !��������	� +���������� 

 

��#&,)� �1�)#+� � (�),*,+,�.*1�") �(,%� �)��+� ,�,���10 +1 ()!*�  �" +1�'$,%  �" (),��/!" 

�),��14�+' � �",  � ,�,0� �(,%� %�,�,���10 +1 ()!*�  ,% Matlab. 	1 /#�1 �10)�+�, 

()�*�+,�,�!��/�� K ����0� *!+� � ���  � $�+�,%)�0� KM �  *%�$%�*+,-"  �� *�+# �� �% .�, 

+1 ()!*� 1�'" KK �  �0��/� *%�$%�*+.� (mixing matrix) /�� �% ,0 ,� M *%�$%�*+,0 
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()�*�+,�,�!��/�� �" 10*,$," ���  � +��,$,. �#�1 *%�$%�*+��, *!+� �(1� /��,��/,�,���10 �� �(1� 

+�$1��/' +�*, (zero mean) /�� +,��$��0� $��/-+��*� (unit variance). �#�1 *%�$%�*+��," �0��/�" 

��)#(��/1 +1 ()!*�  �" *%�#) �*�" randn  ,% Matlab. �� short term /�� long term half lives  �" 

*(�*�" (1.2) ������  �"  �+�" 1�Sh  /�� 9000�Lh . �� *%*(1 �*+,0 +1 �2-  �� ����0�� *�+# �� 

/��  �� ���/ �+���� *�+# �� /� ��)#&,� �� �" ��'�% 1"  �+�". �� ��, 1��*+� � �,% �� 

��),%*��* ,-�, �!&��/�� *1 ���' 1), ��' 60sec *1 %�,�,��* ! Macintosh (cpu G3 233MHz), +1 

()!*� /.$�/� �,% �)#&�/1 * , Matlab. 	1 /#�1 �1)0� �*�, �!&��/1 ���" �0��/�" $��(�)�*+,- 

(unmixing matrix), �" � 1�0�%*� ���  , �1��/1%+��, �)'���+� (�)�/ �)�* �/.� )�3.�, +1 ()!*�  �" 

*%�#) �*�" +1 (�)�/ �)�* �/�" )031" � �C,CeigW
~

� ,  ,% Matlab. 

�� ��)�$10�+� � �,% �� ��),%*��* ,-� �&,),-�  ,� $��(�)�*+' *%�$%�*+.� *�+# �� +1 

$��&,)1 �/�" *%��) !*1�" �%/�' � �" �����' � �" (pdf) /��  ,� $��(�)�*+' *%�$%�*+���� 

�(� �/.� *�+# ��. 

 

 

5.3.1 ���������� �������� ������ �� ���������	�� 	�������� 

 

	 , *(!+� 5.1, ��),%*�#3,� �� 3 ����0� *!+� � � �t
321 s||s|s�s  : (1) 6�� super  Gaussian *!+� (, 

!(," ��' ��� gong), (2) ��� sub Gaussian *!+� (��� �+� ,�,1�$�" /-+�) /�� (3) Gaussian �')%�,". �, 

3, *!+� (, Gaussian �')%�,") $�+�,%)�!��/1 +1 ()!*�  �" *%�#) �*�" randn /�� � (),��/! $,+! 

1����!��/1 * , *!+� +1  �2��'+�*�  ��  �+.�  ,% /� # �-2,%*� *1�)#. �% #  � 3 *!+� � 

*%�$%#* �/�� +1 ()!*� 1�'"  %(�0,% �0��/� A (mixing matrix), �,% �$�*1 +0� ,+#$� ��'  )1�" 

*%�$%�*+,-" *�+# �� *-+&��� +1  � *(�*�: sx A� . �#�1 *!+� ��, 1�10 , ��' 3000 $10�+� �, 

��'  � ,�,0� +'�,  � �). � 1000 ��),%*�#3,� �� * �" 1�/'�1" �,% �/,�,%�,-� (*(!+� 1 /�� *(!+� 

2). �� *%*(1 �*+,0 +1 �2-  �� ����0�� *�+# �� /��  �� �� 0* ,�(�� ���/ �+���� *�+# �� 

$0�,� �� * ,� �0��/� 5.1. ��  )0� ���/ �+��� *!+� � 10(�� ���+' *%*(1 �*+,- 990.r � , +1 +'�, 

��� ��'  � ����0� *!+� � /�� #��,%" *%*(1 �*+,-" �� 10��� /,� # * , +�$��. �� *�+1���10 ' � ,� 

*%�$%�*+,0  �� *�+# �� �,% ()�*�+,�,�!��/�� $1� �1)��(,%� (),��/�" /��%* 1)!*1�" ! #��,% 

10$,%" *&#�+� � (�.(. �� !(�*�) �,% �� 1��)1#3,%�  � $��$�/�*0� $��(�)�*+,-. 

 

!���	�� 5.1 

�, +��1�,"  ,% *%*(1 �*+,- +1 �2-  �� ����0�� *�+# �� /��  �� *�+# �� �,% ���/ !��/�� ��'  ,%" 
*%�$%�*+,-"  �� ����0�� *�+# �� +1 $��&,)1 �/# pdf. �� *�+1���10 ' �  , /#�1 ����0, *!+� �(1� %4��' 
���+' *%*(1 �*+,- +1 +'�, ��� ���/ �+��, *!+�. 
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 �
�� 6.1: �)0� *!+� � +1 $��&,)1 �/# pdf. �� ����0� *!+� � ��' �#�� �),"  � /# � 10���: 6�� super 
Gaussian �(� �/' *!+� (��' gong), ��� sub Gaussian �+� ,�,1�$�" *!+� /��  �2��,+�+��," 
Gaussian �')%�,". �� *!+� � �,% 10��� +1  � * ��1)! �)�++! ��, 1�,-�  � �)(�/# ����0� 
*!+� �, �,% ()�*�+,�,�!��/�� ���  � *-��1*�  �� *%�$%�*+���� *�+# �� (*(!+� 2) 1�.  � 
*!+� � �,% 10��� +1 $��/1/,++��� �)�++!, ��, 1�,-�  � *!+� � �,% ���/ !��/�� -* 1)� ��'  , 
$��(�)�*+'  �� *%�$%�*+���� *�+# �� (*(!+� 2). �#�1 ����0, *!+� /��  , �� 0* ,�(, 
���/ �+��, *!+� �(,%� +1 � ,��* 10 /#�1 � ��� �'�,%" 1%/)0�1��". �� *%*(1 �*+,0 +1 �2-  �� 
����0�� /��  �� ���/ �+���� *�+# �� 10��� +1���- 1),� ��' 990.r �  (�0��/�" 1). �'�,  � 
�). � 1000$10�+� � ��),%*�#3,� �� 1$.. � ordinal #2,��" �����)�* #  , ��# ,"  ,% *!+� ,". 

 

 

 

 
 �
�� 6.2: �� *%�$%�*+��� *!+� �, '��" �),/-� ,%� ��'  � *-��1*�  �� �)(�/.� ����0�� *�+# �� (+1  � 

* ��1)! �)�++!)  ,% *(!+� ," 1. �� 3 �% # *%�$%�*+��� *!+� � ()�*�+,�,�!��/�� �" 10*,$," 
* � +��,$,  �" (),��/!" �),��14�+' � �". �'�,  � �). � 1000 ��'  � *%�,��/# 9000 $10�+� � 
�,% ()�*�+,�,�!��/�� ��),%*�#3,� �� 1$.. � ordinal #2,��" �����)�* #  , ��# ,"  ,% *!+� ,". 
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5.3.2 �������7����� ��������� ��� �����	� 
���� 

 

��� /#�1 �10)�+� �,% �)��+� ,�,�!��/1, �" $10�+� � ()�*�+,�,�!��/�� 50000 *�+10� $1$,+���� 

+1 *%(�' � � $1��+� ,��40�" 44100Hz, +1 ()!*� 1�'" +�/),&.�,% ���  �� /� ��)�&!  �� 

$��&,)1 �/.� &��.� ��' ��� )�$�'&��,. �� ��)#&�/�� $-, *1  ��' 8 �(� �/# *!+� � : ��$)�/�" 

/�� �%���/101" ,+��01", /�� /��**�/! +,%*�/!, +1 ! (�)0"  )��,-$�. 

 

 

5.3.2.1 �������7����� �����	� 
���� ��������� 

 

� +��,$,"  �" (),��/!" �),��14�+' � �" $,/�+#* �/1 *1 *%�$%�*+,-" ��' *!+� � �,% 

�),�)(,� �� ��' /��,��/! ,+��0�. 	 ,%" �0��/1" 5.2 /�� 5.3 ��),%*�#3,� �� ,� *%*(1 �*+,0 +1 �2- 

 �� ����0�� *�+# �� /��  ,% /��1�'" ��'  � ���/ �+��� *!+� � ��� 4 /�� 8 �(� �/# *!+� � 

�� 0* ,�(�. �� �)�&�/�" �����)�* #*1�" ���  �� �1)0� �*�  �� 4 �(� �/.� *�+# �� ��),%*�#3,� �� 

* , *(!+� 5.3 (�� *�+1���10 ' � $1� ��),%*�#31 �� /�� �� 0* ,�(, *(!+� ���  ,%" *%�$%�*+,-" 

*�+# �� ��'  � 4 �)(�/# ����0� �(� �/# *!+� �). �/,�,%�10  , *(!+� 3 * �� ,�,0� 

��),%*�#3,� ��  � 4 �)(�/# ����0� �(� �/# *!+� � +1  � * ��1)! �)�++! /��  � �� 0* ,�(� 

���/ �+��� *!+� � +1  � $��/1/,++��� �)�++!. 	 � *%��(1�� ��),%*�#3,� �� ,� �0��/1" 2 /�� 3 

�,% $10(�,%�  ,%" *%*(1 �*+,-" +1 �2-  ,% /��1�'" ��'  � ����0� /�� ���/ �+��� *!+� � ���  �� 

�1)0� �*�  �� 4 ����0�� *�+# �� /��  �� 8 ����0�� *�+# ��. 

 

 
 �
�� 6.3 : ��**1)� �(� �/# *!+� � ($-, ��' #�$)1" /�� $-, ��' �%��0/1"). �#�1 ��� ��'  � �)�&!+� � +1 

 � * ��1)! �)�++!, ��, 1�10 ��� ��'  � 4 �)(�/# ����0� *!+� �,  � ,�,0� ()�*�+,�,�!��/�� ��� 
 � *-��1*�  �� *%�$%�*+���� *�+# ��, /��  � �)�&!+� � +1  � $��/1/,++��� �)�++! ��, 1�,-� 
 � �� 0* ,�(� ���/ �+��� *!+� �. �#�1 ��� ��'  � ����0� *!+� � /��  , �� 0* ,�('  ,% 
���/ �+��, *!+� �(,%� +1 � ,��* 10 /#�1 � ��� �'�,%" 1%/)0�1��". �� *%*(1 �*+,0 +1 �2-  �� 
����0�� /��  �� ���/ �+���� *�+# �� 10��� +1���- 1)� ��' 990.r �  (�0��/�" 2). �'�,  � 
�). � 1000 ��'  � 50000 $10�+� � ��),%*�#3,� �� 1$.. � ordinal #2,��" �����)�* #  � ��# � 
 �� *�+# ��. 
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!���	�� 5.2  

�, +��1�,"  ,% *%*(1 �*+,- +1 �2-  �� 4 ����0�� *�+# �� /��  �� *�+# �� �,% ���/ !��/�� 41 ,y,y �  ��' 

 � +��,$,  �" (),��/!" �),��14�+' � �". �� *�+1���10 ' �  , /#�1 ����0, *!+� �(1� %4��' ���+' 
*%*(1 �*+,- +'�, +1 ��� ���/ �+��, *!+�. 

 
 

 

!���	�� 6.3  

�, +��1�,"  ,% *%*(1 �*+,- +1 �2-  �� 8 ����0�� *�+# �� /��  �� *�+# �� �,% ���/ !��/�� ��'  � +��,$, 
 �" (),��/!" �),��14�+' � �". �� *�+1���10 ' �  , /#�1 ����0, *!+� �(1� %4��' ���+' *%*(1 �*+,- +'�, +1 
��� ���/ �+��, *!+�. 

 
 

 

:��" &�0�1 �� /�� ��'  ,%" �0��/1" 5.2 /�� 5.3 '�,% ��),%*�#3,%�  , ���+'  ,% *%*(1 �*+,- 

+1 �2-  ,% /��1�'" 1/  �� ����0�� *�+# �� /�� ���/ �+���� *�+# ��, �% ' �,% ��)� �)10 �� 

10��� ' �  , /#�1 ����0, *!+� �(1� %4��' ���+' *%*(1 �*+,- ���� +1 ��� ��'  � ���/ �+��� 

*!+� �. ��0*�", ��)� �)10 �� ' � , ���+'" *%*(1 �*+,- +1 �2- ����0�� /�� ���/ �+���� *�+# �� 

�),*1��031�  , 990.r � . �1 ���+,-" *%*(1 �*+,-  '*, +1�#�,%", $1� 10��� $%�� ' �� �0�1� 

�� ���� ! � $��&,)# +1 �2-  �� �)(�/.� /��  �� ���/ �+���� �(� �/.� *�+# �� ,+��0�".  

	 �� �1)0� �*� '�,% %�#)(,%� 8 ����0� *!+� �, ��),%*�#* �/1 ���+'" *%*(1 �*+,- 9560.r �  

+1 �2-  ,% ����0,% *!+� ," 8 � �8s  /��  ,% �� 0* ,�(,% ���/ �+��,% *!+� ," 3 � �3y , �,% ��, 1�10 

 � (1�)' 1)� 1�0$,*�  �" +1�'$,% ��' '��  � *1  *�+# �� /�� �1�)�+# �� �,% /� ��)#&�/�� 1$.. 
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5.3.2.2 �������7����� �����	� 
���� ����	
� 

 

� +��,$,"  �" (),��/!" �),��14�+' � �" ()�*�+,�,�!��/1 1�0*�" /�� ��� *%�$%�*+,-" ��' 8 

 +!+� � +,%*�/!". �� *%*(1 �*+,0 +1 �2-  ,% /#�1 ����0,% *!+� ," /��  ,% /#�1 ���/ �+��,% 

*!+� ," ��),%*�#3,� �� * ,� �0��/� 5.4 �,% �/,�,%�10. 

 

!���	�� 5.4  

�, +��1�,"  ,% *%*(1 �*+,- +1 �2-  �� 8 ����0�� *�+# �� /��  �� *�+# �� �,% ���/ !��/�� ��'  � +��,$, 
 �" (),��/!" �),��14�+' � �". �� *�+1���10 ' �  , /#�1 ����0, *!+� �(1� %4��' ���+' *%*(1 �*+,- +'�, +1 
��� ���/ �+��, *!+� 

 
 

 

��� *1 �% !  �� �1)0� �*�, , ���+'" *%*(1 �*+,- +1 �2- ����0�� /�� ���/ �+���� *�+# �� 

�),*1��031�  , 990.r �  /�� $1� 10��� $%�� ' �� �0�1� �� ���� ! � $��&,)# +1 �2-  ,% ����0,% /�� 

 ,% �� 0* ,�(,% ���/ �+��,% +,%*�/,- *!+� ,". 

� +��,$," &#��/1 ' � 10��� �)/1 # * ��1)! ���  �"  �+�" �,% ()�*�+,�,�!��/�� ���  �" short term /�� 

long term half lives  �" *(�*�" (5.2), +1  �� �),8�'�1*� ' � �  �+!  ,% long term �� 10��� �,�- 

+1���- 1)� ��' �% !  ,% short term. 

 

 

5.3.3 !�� ������ �� �������� � ����������� ��� ������(�������� 

 

� +��,$,"  �" (),��/!" �),��14�+' � �" ��*031 �� * �� %�'�1*� ' � $��&,)1 �/# ����0� *!+� � 

*(1 03,� �� (+�*� ��'  , iW ) +1 21(�)�* # /)0*�+� *�+10�  �" F. ��)'�� �% #, 1#� ,�,��$!�, 1 

$-, ����0� *!+� � �(,%�  ,� 0$�, ���+' �),��14�+' � �",  ' 1 $-, (�)�/ �)�* �/# $���-*+� � iW  

/�� jW  �� �(,%�  �" 0$�1" (�)�/ �)�* �/�" )031" (/�� �� *(1 03,� �� +1  � 0$�� /)0*�+� *�+10� * �� 

F). 	%�1�.", ,�,�,$!�, 1 $�#�%*+� kW �,% $�+�,%)�10 �� * , 1�0�1$, �,% ,)031 �� ��'  � iW  /�� 

jW  1�0*�" �� +1��* ,�,�10  �� F, ���#  , kW  $1� +�,)10 (�1��/#) �� ()�*�+,�,���10 ���  �� 

12����! 1�'" ����0,% *!+� ,". �% ' �(1� ��,$1�(�10 +1  � $�+�,%)�0� $-, *%�$%�*+.�  �" +,)&!" 
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sx A�  ��' $-, *!+� � 1s  /�� 2s , '�,%  , *!+� 1s  10��� +0� ��1* )�++��� (�" �),"  ,� ()'�,) 

1/$,(!  ,% *!+� ," 2s . �� /��  � *!+� � 1s  /�� 2s  �(,%� $��&,)1 �/# (),��/# +,�,�# ��, 

+,�)#3,� �� �/)��."  ,� 0$�, ���+' �),��14�+' � �" F /�� ��� +�,),-� �� 12�(�,-� ��'  ,%" 

*%�$%�*+,-" x +1 ()!*�  �" +1�'$,%  �" (),��/!" �),��14�+' � �". 

	 �� �)#2�, *!+� � �,% �),�)(,� �� ��' $��&,)1 �/�" ����" (�.(. *!+� � &��!") +�,),-�  %��/# 

�� $��(�)03,� ��, 1�1�$! /#�1 ����0, *!+� �(1� ��� +,��$�/' ���+' �),��14�+' � �" ($���$!  �+! 

 �" F). �)#�+� �, /#�1 ,+#$� *�+# ��, * �� ,�,0�  , /#�1 *!+� �),�)(1 �� ��' +0� 21(�)�* ! 

���! (�.(. *!+� � &��!") +�,)10 �� $��(�)�* 10 1�� %(." /�� �� ��&�,-�  � �� 0* ,�(� ���/ �+��� 

*!+� �, ��'  ,%" *%�$%�*+,-"  �� ����0�� *�+# ��. 
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)������� 6 
-!0%03$ *$)"  !#0 0�0$2 "$  
 

6.1  ������	� ������� ���	���� �������� ������� 

 

�� ��*&��),�  )��10" ��, 1�,-� ����'*��* , * ,�(10,  �� +�(��,�,��/.� /� �*/1%.� �'��  �� 

%4��.� ��,$'*1�� �,% 1��$1�/�-,%� /��  ,% *(1 �/# +�/),- /'* ,%"  ,%". 6��" ��*&��),"  )����" 

��, 1�10 +0� ���! $,�!*1�� /� #  � �1� ,%)�0�  ,%. �� /)�$�*+,0 ��)#�,� �� ��'  �" /),-*1�"  �� 

* ,�(10�� /-��*�" * � &��)+��� +1 ����/! 1��&#�1��  �� *%�1)��3'+1��� $�/ %�0��  ,% 

��*&��),%  )����. ��, ��1*+� �% ,-  ,% &���,+��,% 10��� � $���1)*� �$�,*%(�, ! ��  �" 

/� �*/1%!" !  ,% ��*&��),%  )����.  

� ��1�,�' � �  �� $,�!*1�� �,% 1/��+�,� �� ��'  , *-�,�,  �� * ,�(10��  ,% * )1&'+1�,% 

+�(��,�,��/,- 12,���*+,-, '��" ,$,� � ,0  ),(,0, �1�),-� �� �1)�,$�/�" +1 &�*+� �/�" 

*%��* .*1" �,% 1+&��03,%� �����/! *%+&��0� (phase-locked) +1  ��  �(- � � �1)�* ),&!"  ,% 

#2,��, * ,�  ,�,0, 1$)#3,� ��. :+�", ,� /)�$�*+,0 �,% ��)#�,� �� ��' 1��  �+� �/,-" ��*&��),%" 

 )��10", *%*(1 03,� �� +1� +1  ��  �(- � � �1)�* ),&!", ���# $1� 1+&��03,%� �*(%)! *%+&��0� 

&#*�" +1 �% !, �1�,�'" �,% ���#31� ��'  �� ��),%*0�  �" ,�0*��*�", � ,�,0� +1 ��#��1 �� /� # 

 %(�0,  )'�, +1 �2-  �� *%�1)��3'+1��� $,+�/.� * ,�(10��  ,% ��*&��),%  )����. 

�� #  � $�#)/1��  �" �1� ,%)�0�"  ,% ��*&��),%  )����, , �'�," �2,��/,--�/ ���/,- &,) 0,% /#�1 

* ,�(10,% /-��*�" +1 ��#��1 �� *1 *(�*� +1  � ��*� �,% /� �(1� * �� �1)�&�)1��  ,% ��*&��),% 

 )���� /#�1 (),��/! * ��+!. �, &���'+1�, �% ' %�,()1.�1�  � * ,�(10� /-��*�" �� /����,-� +1 

$��&,)1 �/�"  �(- � 1" +1 �2-  ,%". � /���'", '+�", , ,�,0," *%�/)� 10  � * ,�(10� /-��*�", 

�),*���10 �� $�� �)!*1� +0� ,+,�'+,)&� /�� * ��1)! +�*� ��'* �*� +1 �2-  ,%", +1 ��, ��1*+� 

�� �),/��10 ��  , +� �)�++�/' &���'+1�,  �" ,�0*��*� ��#+1*� * � *%�1)��3'+1�� +1 ����/# 

$,+�/# * ,�(10�  ,% ��*&��),%  )����.  

��0*�", � ��#� %2�  �" ,�0*��*�" /� #  � $�#)/1��  �" /0��*�"  �� * ,�(10�� /-��*�" +1 ��#��1� 

��1�),* # /��  ,��/#  �� ���0� 1��&!"  ,% ��*&��),%  )���� 1��)1#3,� �"  �� +�*� �/ 0�� 

/-��*�".  

6 *�,  � (),��/# *!+� �, �,% (�)�/ �)03,� �� ��' $��$�/�*01"  � ,��" &-*�",   $1� 1+&��03,%� 

�*(%)�" �1)�,$�/' � 1", /�� �%�1� �/,-" �����/,-" $1*+,-" +1  ��  �(- � � �1)�* ),&!". �� 0�1 � 

1+&��03,%� /%/�,* #*�+1" �$�' � 1", $���$! �1)�,$�/' � �  �� ��. 1)�� * � �* �/.� +1�1�.� 

 ,%". 

��,+���", ��*�/'" */,�'" 10��� � ��#� %2� 1�'" * ,(�* �/,- +,� ��,% �),*,+,0�*�" /)�$�*+.� 

�,% ��)#�,� �� ��' &��)+��,%" ��*&��),%"  )��10" /�� (�)�/ �)03,� �� ��' �� ,�� +� �)�++�/# 

&���'+1��, '��" � ,�0*��*�. �,  %(�0, *!+� �,% �),*,+,�.�1 �� $��+�*,%  ,% �), 1��'+1�,% 

+,� ��,% *%�0* � �� ��' $-, +�)�: ��� * #*�+, /�� � 1 1)+���* �/', /�� ��� +� * #*�+, /�� 

* ,(�* �/'. 

�#�1 &,)# �,%  � * ,�(10� /-��*�" 1�'" ��*&��),%  )���� �)(,� �� *1 1��&! +1 *�+1��/�" &�,)�" ! 

1��  .+� � ��)#�1 �� +0� $'��*�. � $'��*� �% ! +�,)10 �� �),*,+,���10 +1 ���� /),%* �/' 
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���+', , ,�,0," +���+� �/# 1/&)#31 �� ��'  �� /),%* �/! *%�#) �*� $(t). � ���+'" ��)- � �"  �" 

��#��" $��.�1 �� +1  , ���'+1�,  �" /),%* �/!" *%�#) �*�" $(t) +1 +�� * ��1)# d0. �% '" , 

/),%* �/'" ���+'" ��)�* #�1�  �� 12� 1)�/! $���1)*�, $���$!  � $-��+� �,% 1&�)+'31 �� �" 

10*,$," * ,� ��*&��),  )���� /�� �1��/' 1)� * �� /� �*/1%!. �#�1  � ,�� $���1)*� �),/��10 +0� 

��'/)�*� ��'  ,� ��*&��),  )���� /��  �� /� �*/1%!, � ,�,0� ��+�#�1 �� %�'4�� ���  �� ��#� %2� 

 ,% +,� ��,% * � *%��(1��. � /),%* �/'" ���+'", 12�� 0�"  �" �1)�* ),&!"  ,% ��*&��),%  )����, 

1/$��.�1 �� �1)�,$�/# +1 +0� *%(�' � � �,% 12�) # �� ��'  ,�  -�,  �" ��#��". �� 

(�)�/ �)�* �/�" *%(�' � 1", * �" ,�,01" 1/$��.�,� �� ,� ��#�1" 1�'" ��*&��),%  )���� 

%�,�,�03,� �� +1 �#*�  ��  �(- � � �1)�* ),&!"  ,% #2,�� /��  � �1�+1 )�/# (�)�/ �)�* �/#  ,% 

��*&��),%  )����. 

	1 ���� ��*&��),  )���� �,% ��),%*�#31� ��#�� * ,� 1*� 1)�/' ! 12� 1)�/' $�/ -��,, ,� 

/),%* �/,0 ���+,0 ��)#�,� �� /#�1 &,)# �,% � &��)+��� 1��&#�1�� �)(1 �� *1 1��&! +1  � * ,�(10� 

/-��*�"  ,% ��*&��),%  )���� * � 3.�� &') �*�". � )%�+'" +1  ,� ,�,0, 1������+�#�,� �� ,� 

/),-*1�" ,�,+#31 �� *%(�' � � $���1%*�"  �� * ,�(10�� /-��*�" ��'  ,� 1*� 1)�/' ! 12� 1)�/' 

$�/ -��, (Ball Pass Frequency inner/outer race).  

	 �� �1)0� �*� �,% , 12� 1)�/'" $�/ -��," �1�)10 �� �/0�� ," /�� , 1*� 1)�/'" �1)�* )�&1 ��, ,� 

�),���&1)�10*1" (�)�/ �)�* �/�" *%(�' � 1" �*,-� �� +1: 

 

�
�

�
�
�

� /�//� 0cos1
2 PD

BD
f

N
BPFI shaft     (6.1) 

 

�
�

�
�
�

� /�//� 0cos1
2 PD

BD
f

N
BPFO shaft     (6.2) 

 

'�,%: fshaft 10��� � *%(�' � � �1)�* ),&!"  ,% #2,�� �#�� * ,� ,�,0, 1$)#31 �� , ��*&��),"  )����", 

� 10���  , ��!�,"  �� * ,�(10�� /-��*�", BD 10��� � $�#+1 ),"  �� * ,�(10�� /-��*�", PD 10��� � 

��'* �*�  �� /�� )�� $-, �� �$��+1 )�/.� * ,�(10�� /-��*�" /�� � 10��� � ���0� 1��&!". 

�)(�/#, �1�)10 �� +,��$��0� �/ ���/! &') �*�, � ,�,0� ���� -**1 �� ,+,�'+,)&� ,�'�%)�  �" 

�1)�&�)1��"  ,% ��*&��),%  )����. 6 *�, , /)�$�*+'", �,% ��)#�1 �� �'��  ,% �),��!+� ," �,% 

121 #31 ��, 10��� $%�� '� �� �),*,+,���10 +1 +0� *1�)# #�1�)�� /),%* �/.� ���+.� 0*,% ��# ,%". 

� �1)0,$," Td  �� 1������+���'+1��� /),%* �/.� ���+.� �*,- �� +1  �� �� 0* ),&�  �+!  �" 

(�)�/ �)�* �/!" *%(�' � �" ��#��" (BPFO ! BPFI). � �),���&1)�10*� *1�)# /),%* �/.� ���+.� 

+�,)10 +���+� �/# �� 1/&)�* 10 +1  � *(�*�: 

 

� � � ��
�

/�/�
N

k
dTktdtd

0
0 1     (6.3) 

 

	 , *(!+� 6.1 � (),��/! �/,�,%�0� d(t) �����)�* # �� �)�&�/# �" +�� *1�)# /),%* �/.� ���+.� +1 

0*, ��# ," d0. 
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�, ��# ,"  �� /),%* �/.� ���+.� 1/&)#31�  �� �� �*�  �" *-�/),%*�"  �� * ,�(10�� /-��*�" +1 

 � &��)+��� 1��&#�1��  ,% ��*&��),%  )����. 	-+&��� +1  �� ��1�,�' � �  �� +1�1 .� �,% 

�&,),-�  � $%��+�/!  �� ��*&��)��  )�����,  , ��# ,"  �� /),-*1�� 1��)1#31 �� ��'  � ��*� 

* �� �1)0+1 ),  ,% ��*&��),%  )���� �,% *%+��0�1� � *-�/),%*� *1 *%�#) �*� +1  , /�� ),  �" 

3.��" &') �*�". � �1)0� �*� �% ! �� *(,���*�10 /�� �� ���� %(�10 * � *%��(1�� �% !"  �" 

1�' � �".  
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 �
�� 6.1  ��1�/'��*�  �� /),%* �/.� ���+.� �,% 1/&)#3,� �� ��'  � *(�*� 6.3 

 
 

�, ��# ,"  �� /),%* �/.� ���+.� $��+,)&.�1 ��, 1/ '" ��'  �� �),��,-+1�� �1)0� �*�, /� # 

 %(�0,  )'�, ��': (�)  �" $��/%+#�*1�"  �" �/�+40�" �,% 1+&��031� � $,+!  ,% ��*&��),%  )����, (�) 

 ��  /%+� �$��/! ��,+,�,+,)&0�  �� 1��&��1�.�  �� $,+�/.� * ,�(10��, (�)  �� ��,+,�,+,)&0�  ,% 

+1���,%"  �� * ,�(10�� /-��*�", ($)  �� /�/! 1%�%�)#++�*�  �� $��$)'+�� /-��*�" /�� (1)  �� 

1//1� )' � �  �� $��$)'+�� /-��*�". 

6 *�, ��� '�,%"  ,%" ��)��#�� �'�,%",  , ��# ,"  �� /),%* �/.� ���+.� 1+&��031� +0�  %(�0� 

$��/-+��*� �1)0 +0�" +�*�"  �+!" d0 (*(!+� 6.2). �  %(�0� $��/-+��*�  �� /),-*1�� �1�)10 �� ' � 

�/,�,%�10 /��,��/! /� ��,+!.  

 

� � � ��
�

/�/�
N

k
dk TktAtd

0

1     (6.4) 

 

'�,% Ak=d0±ak 10���  , ��# ,"  ,% k-,* ,- /),%* �/,- ���+,- /�� ak 10��� �  %(�0� ��'/��*�  ,% 

��# ,%"  �" /),-*�" ��'  �� +�*�  �+! d0. 
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 �
�� 6.2  ��1�/'��*�  �� /),%* �/.� ���+.� �,% 1/&)#3,� �� ��'  � *(�*� 6.4 
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� /� ��,+!  ,% &,) 0,% (*(!+� 6.3) �1)�&1)1��/#  ,% ��*&��),%  )���� ' �� �% '" �)0*/1 �� 

%�'  �� 1�0$)�*� �/ ���/!" &') �*�" ,)031 �� /� # �),*����*� ��'  � *%�#) �*�  ,% Stribeck. 

 

 

 �
�� 6.3 �� ��,+! �/ ���/,- &,) 0,% �1)�&1)1��/#  ,% ��*&��),%  )���� 

 

� *%�#) �*�  ,% Stribeck $1� ��+�#�1� %�'4�  �" +1 ��,��" * �� /� ��,+!  ,% &,) 0,%, ,� ,�,01" 

,&10�,� �� * , ��!�," /��  � ��*�  �� * ,�(10�� /-��*�" 1� '"  �" 3.��" &') �*�" /#�1 (),��/! 

* ��+!. 6(1� ��,$1�(�10, '+�", ' � ,� $��/%+#�*1�"  �" �/�+40�" (stiffness), ,� ,�,01" ,&10�,� �� 

* �� +1 ��,�!  ,% ��!�,%"  �� * ,�(10�� /-��*�" /��  �" ��*�" �% .� 1� '"  �" 3.��" &') �*�", 

$1� %�1)��0�,%�  , 0,5%  �" *%�,��/!"  �+!"  ,%" ��� +0� $1$,+��� &') �*�. 6 *�, � 1/$!��*� 

�% .�  �� +1 ��,�.� ���,10 �� /� #  �� ��#� %2�  ,% +,� ��,%.  

��,+���", � /� ��,+!  ,% &,) 0,% 10��� $%�� '� �� 1/&)�*�10 ��'  � *(�*�: 

 

                 � �
n

q ��

�
��

� �/
/

�/ 2
3

cos1
2

1
10  ,��� |�|<�max 

� ��tq    (6.5) 

                  0                                      ,,�,%$!�, 1 ���,- 

                              

 

'�,% q0 ,)031�  , +���* , &,) 0,, 1 10��� , *%� 1�1* !"  �" /� ��,+!"  ,% &,) 0,%, , ')," �max 

��)�* #�1�  � +���* � �����/! �/ �*�  �" 3.��" &') �*�", /�� n=3/2 ���  )���� +1 *&��)�/# 

* ,�(10� /-��*�" /�� n=10/9 ���  )���� +1 /%���$)�/# * ,�(10� /-��*�". � *%�#) �*� q(t) 10��� 

�1)�,$�/! $�' � � &��)+��� 1��&#�1��  ,% 1*� 1)�/,- $�/ %�0,%  ,% ��*&��),%  )���� $��*(031�  � 

3.�� &') �*�" +0� &,)# *1 /#�1 �1)�* ),&!  ,% #2,��. 

FR 

 Fc 

 B 

Qo 

 fshaft 
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	 , *(!+� 6.4 �����)0* � �� �)�&�/# � *%�#) �*� q(t). 	%�0* � �� ��' +0� *1�)# �,�.�, '�,% � 

��'* �*�  �� /�� )��  ,%" �*,- �� +1  �� �1)0,$, �1)�* ),&!"  ,% #2,�� Tshaft.  
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 �
�� 6.4 ��+�-�� /� ��,+!" �/ ���/,- &,) 0,% �1)�&1)1��/#  ,% ��*&��),%  )���� 

 

	 �� �1)0� �*� �,% 121 #31 �� &�,)# * ,� 1*� 1)�/' $�/ -��,  ,% ��*&��),%  )����, ,� /),%* �/,0 

���+,0 $��+,)&.�,� �� /� # ��# ," $�' � � *�+1��/! &�,)# * ,� 1*� 1)�/' $�/ -��, $��)(1 �� 

�1)�,$�/# ��'  � 3.�� &') �*�". 6 *�,  , ��# ,"  �� /),-*1�� $-�� �� �� ,)�*�10 ��'  � *(�*�: 

 

� � � � � ��
�

/�//�
N

k
dk TktAtqtd

0

$     (6.6) 

 

:��" ���&�)��/1 *1 �),��,-+1�1" ��)��)#&,%", * ,%" ��*&��),%"  )��10" ���� -**1 �� ,�0*��*� 

* �� /0��*�  �� * ,�(10�� /-��*�"  ,%". ��, ��1*+� �% ,-  ,% +� �)�++�/,- &���,+��,% 10��� ,� 

/),-*1�"  �� *%�1)��3'+1��� $,+�/.� * ,�(10��  ,% ��*&��),%  )���� �� +�� 1������+�#�,� �� 

*1 0*1" (),��/�" �1)�'$,%". 6 *�, 1+&��031 �� +0� (),��/! %* �)�*�  k +1 �2-  �� $��$,(�/.� 

/),-*1��. � (),��/! %* �)�*�  k �1�)10 �� �" +0�  %(�0� +1 ���� ! �,% �/,�,%�10 /��,��/! 

/� ��,+! (Gauss distribution). 6 *�, 1�*#�1 �� � * ,(�* �/! �$�� * , �), 1��'+1�, �)' %�, 

�),*,+,0�*�". ��,+���", � �/,�,%�0�  �� (),��/.� /),%* �/.� $,�!*1�� +�,)10 �� 1/&)�* 10 

��'  �� �/'�,%�� *(�*�: 
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kdk TktAtq
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41  ,��� &�,)# 1*� 1)�/,- $�/ %�0,% 

� ��td    (6.7) 
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41  ,��� &�,)# 12� 1)�/,- $�/ %�0,% 

 

 

   :��" ���&�)��/1 �),��,%+���", /#�1 &,)# �,% � *�+1��/! &�,)# �)(1 �� *1 1��&! +1 

/#�,�� *%�1)��3'+1�� 1��&#�1��  ,% ��*&��),%  )���� ��)#�1 �� /#�,�," /),%* �/'" ���+'", , 

,�,0," �),/��10  � $���1)*� �1�1)�*+��,% ��!�,%" �$�,*%(�, ! ��  �" /� �*/1%!". �% ! � 
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$��$�/�*0� +�,)10 �� �),*,+,���10 +1  �� ��'/)�*� 1�'" �)�++�/,- +�(���/,- *%* !+� ," 1�'" 

���+,- 1�1%�1)0�" (*(!+� 6.5), � ,�,0� 1/&)#31 �� +���+� �/# �" 12!": 

 

� � � �tfeBts mt /////� �
0�2cos       (6.8) 

+1     

nf

Q
m

/
�

�
, 2

0 411 Qff n /�/�  /��  21�Q     (6.9)  

 

'�,%, m 10��� , ()'�," #+��%�*�" (relaxation time), f0 10��� � *%(�' � � 1�1-�1)�"  ��#� �*�" (free 

oscillation frequency), fn 10��� � �$�,*%(�' � �  �" /� �*/1%!" (phase resonance frequency) /�� Q 

10��� , *%� 1�1* !" �,�' � �" (quality factor), , ,�,0," *(1 031 �� +1  , +�*, $�#$,*�".  

	-+&��� +1  � $�1��! �����,�)�&0�, � ��1�,�' � �  �� �), 1��'+1��� +,� ���� �),*,+,0�*�" 

�1�)10 ' � ,� /),%* �/,0 ���+,0 $�1�10),%� +0� +'�, �$�,*%(�' � � /�� +1 �&�),� �� * , ��*�� !)�, 

/� ��)�&!" $1$,+���� �/,�,%�.� �"  �� 0$�� $��$),+! +�*� ��'  , 0$�, *.+�  ,% +�(���/,- 

*%* !+� ,". �� ��)��#�� %�,��*1�" �1)��)#&,%� ��� �$���/' +�(���/' *-* �+� /�� *�&." ���(,%� 

�,�- ��'  �" �)��+� �/�" *%��!/1". �1 �#*�  �" ��)��#�� %�,��*1�" ���,10 �� ��!)�"  , 

1�$1('+1�, �� $�1�10),� �� $��&,)1 �/�" �$�,*%(�' � 1" ��� /#�1 $��&,)1 �/! ��*� �,% *%+��0�1� � 

*-�/),%*�  �� *%�1)��3'+1��� $,+�/.� * ,�(10��  ,% ��*&��),%  )����. ��)#�����, $1� 

��+�#�1 �� %�'4�  , �����' �1�,�'" /� #  , ,�,0, ,� /)�$�*+,0 +1 �&�),� �� * , 

1�� �(%�*�'+1 ), +�*� $��&,)1 �/.� $��$),+.� /�� +�*�� +1 #$,*�" ��#�,�� +1  � ��*� 1��&!" 

 �" *�+1��/!" &�,)#" /��  �� *%�1)��3'+1��� +1 ����/.� 1��&��1�.�  ,% ��*&��),%  )����.   

 

 

 �
�� 6.5: ��'/)�*�  ,% �)�++�/,- +�(���/,- *%* !+� ," 1�'" ���+,- 1�1%�1)0�". 
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	 , �), 1��'+1�, * ,(�* �/' +,� ��, �,% ���� -**1 �� *1 �% '  , /1&#���,, %�,�1 10 ��  , 

1�$1('+1�, ,� /),%* �/,0 ���+,0 �� $�1�10),%� ��� $��&,)1 �/' �1�1)�*+��, ��!�," �$�,*%(�, ! �� 

 �" /� �*/1%!" ��#�,�� +1  � ��*�  �" *-�/),%*�". � %�'�1*� �% ! %�,�,�10 �� +�*� +��"  %(�0�" 

$��$�/�*0�", � ,�,0� ��+�#�1� %�'4�  � ��*�  �" *�+1��/!" &�,)#" �" �),"  , /�� ),  �" 3.��" 

&') �*�"  � * ��+!  �" *-�/),%*�". ������,�,  , * ,(�* �/' +,� ��, $-�� �� �� %�,��*1�  � 

$�#$,*�  �� $,�!*1�� $��+�*,% $��&,)1 �/.� %��/.� /�� +,�,�� �.� ��#�,�� +1  , *�+10, �,% 

�)��+� ,�,�10 �� � 1��&!  �� +1 ����/.� 1��&��1�.�  ,% ��*&��),%  )����.  � 1�0 1%2� �% !"  �" 

$��$�/�*0�" $�1�1)�10 �� +1  �� +1 ��,�!  ,% *%� 1�1* ! �,�' � �" Q *%��) !*1�  �" ��*�"  �" 

*-�/),%*�" /��  �� �$�,*%(�, ! �� �,% $�1�10),� ��. 6 *�, ,� *(�*1�" 6.8 /�� 6.9 +�,),-� �� 

 ),�,�,���,-� .* 1 �� �2�,�,���,-� ��'  , �), 1��'+1�, +,� ��,: 

 

� � � ��
�

� /////�
M

i
i

mt
i tfeBts i

1
0�2cos               (6.10) 

+1  

ni

i
i f

Q
m

/
�

�
, 2

0 411 inii Qff /�/�  /�� 21�iQ                    (6.11) 

 

'�,% mi 10��� , ()'�," #+��%�*�"  ,% i-* ,% /),%* �/,- ���+,-, f0i 10��� � i-,* ! *%(�' � � 

1�1-�1)�"  ��#� �*�", fni 10��� � i-,* ! �$�,*%(�' � �  �" /� �*/1%!" �,% $�1�10)1 ��, Qi 10��� , i-

,* '" *%� 1�1* !" �,�' � �"  ,% +�*,% $�#$,*�"  �� /)�$�*+.� /�� , ')," � ,)031�  , 

�1�1)�*+��, ��!�," �$�,*%(�, ! ��  �" /� �*/1%!" �,% $�1�10),� �� ��'  �� i-,* ! /),-*�.  

 �1��/#, +1 �#*�  � ��)��#��,  , �),*,+,��+��, *!+� d(t) �,% �),/-� 1� ��'  , 

�), 1��'+1�, +,� ��, 1/&)#31 �� +���+� �/# ��'  � *(�*�: 

 

               � � � � � � � �� �
� �

� ��
�

�
�
�

�
/////5�/�//

N

k

M

i
oi

mt
ikdk tntfeBTktAtq i

0 1

2cos 641            (6.12�) 

�)(td  

               � � � � � �� �
� �

� ��
�

�
�
�

�
/////5�/�/

N

k

M

i
oi

mt
ikdk tntfeBTktA i

0 1

2cos 641                  (6.12
) 

 

'�,% , +���+� �/'"  1�1* !" 5  *%+�,�031�  � *%����2�  �" ��'/)�*�"  �" /� �*/1%!" /��  �" 

/),%* �/!" $-��+�", /�� n(t) 10��� , �1)��#��,� �" �')%�," �,% �),* 0�1 �� * � (),��/! �/,�,%�0�. 

� *(�*� 6.12� ���&�)1 �� *1 &�,)# 1*� 1)�/,- $�/ %�0,% /�� � *(�*� 6.12� ���&�)1 �� *1 &�,)# 

12� 1)�/,- $�/ %�0,%.  

� �����)#* �*�  �� *(�*1�� 6.12� /�� 6.12� ��1�/,�031 �� * , *(!+� 6.6, * , ,�,0, 

$��/)0�1 ��  , �,*,* '  �" ,�0*��*�" /�� � $���1)*� $��&,)1 �/!" �$�,*%(�' � �"  �" /� �*/1%!" 

��#�,�� +1  � ��*� �,% �)��+� ,�,�10 �� � *-�/),%*� +1 �2-  �" *�+1��/!" &�,)#" /��  �� 

*%�1)��3'+1��� 1��&��1�.�  ,% ��*&��),%  )����. 
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 �
�� 6.6 ��'/)�*� ��*&��),%  )����, � ,�,0� (�)�/ �)031 �� ��'  �� ��),%*0�  �" ,�0*��*�" /��  � 
$���1)*� $��&,)1 �/.� �$�,*%(�, ! �� ��#�,�� +1  , *�+10, *-�/),%*�"  �" &��)+���" 
1��&#�1��" /��  �� *%�1)��3'+1��� $,+�/.� * ,�(10��  ,% ��*&��),%  )����. 

 

�1 �#*�  , * ,(�* �/' �)' %�,  �" ��'/)�*�"  �� ��*&��)��  )����� /�� +1 ()!*�  ,% 

%�,�,��* �/,- �1)��#��,� ," Matlab, ���  �" %�,�,��* �/�" �),*,+,�.*1�", $�+�,%)�!��/��  � 

�),*,+,��+��� *!+� �, '��" ��),%*�#3,� �� * ,� �0��/� 6.1 '�,% �0�1 �� 1�12!��*�  �� *�+# �� 

�,% $�+�,%)�!��/�� /��  �� *%+�'��� �,% ()�*�+,�,�!��/�� * �" %�,�,��* �/�" �),*,+,�.*1�". 

 

!���	�� 6.1 

��12!��*� *%+�'��� /�� *�+# �� �,% $�+�,%)�!��/�� ���  �" %�,�,��* �/�" �),*,+,�.*1�" 

���;���	� 	�
���� 
�1�1 � ��������7� ��	 BPFO �� Fn=1100Hz 
H1A2 � ��������7� ��	 BPFO �� Fn=2000Hz  

H1A1SNR10 � �1�1 +1 Signal to Noise Ratio SNR=10 
H1A2SNR20 � �1�2 +1 Signal to Noise Ratio SNR=20 
H1A2SNR5 � �1�2 +1 Signal to Noise Ratio SNR=5 
H1A2Md01 � H1A2 +1 signal amplitude Md=0.1 
H1A2Md3 � H1A2 +1 signal amplitude Md=3 

H1A2Md01SNR5 � H1A2 +1 signal amplitude Md=0.1 /�� SNR=5 
H1A1SLIP1 � �1�1 +1 ,�0*��*� 1.7% 
H1A1SLIP5 � �1�2 +1 ,�0*��*� 5% 
H1A2SLIP1 � �1�2 +1 ,�0*��*� 1.7% 
H1A2SLIP5 � H1A2 +1 ,�0*��*� 5% 

H2B1 � ��������7� ��	 BPFI �� Fn=1500Hz 
H2B2 � ��������7� ��	 BPFI �� Fn=2500Hz  

H2B2Md01SNR5 � H2B2 +1 signal amplitude Md=0.1 /�� SNR=5 
H2B1SLIP1 � H2B1 +1 ,�0*��*� 1.7% 
H2B1SLIP5 � H2B1 +1 ,�0*��*� 5% 
H2B2SLIP1 � H2B2 +1 ,�0*��*� 1.7% 
H2B2SLIP5 � H2B2 +1 ,�0*��*� 5% 

XC 
MIXTURED SIGNAL 	�� ����� ������� � 	�����	��	 
��	 
��
�	 �� ������� �� ����=���� 	�� ��	� A 

XD 
MIXTURED SIGNAL 	�� ����� ������� � 	�����	��	 
��	 
��
�	 �� ������� �� ����=���� 	�� ��	� B 

XE 
MIXTURED SIGNAL 	�� ����� ������� � 	�����	��	 
��	 
��
�	 �� ������� �� ����=���� 	�� ��	� F 

U1 �� 1� UNMIXED SIGNAL 
U2 �� 2� UNMIXED SIGNAL 
U3 �� 3� UNMIXED SIGNAL 

0.085 0.09 0.095 0.1 0.105 0.11 0.115
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0,00785 sec -> 2,04 % slip 0,00775 sec -> 0,77 % slip 0,00760 sec -> 1,17 % slip 

Td=0,00769 sec -> 0 % slip 
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�� *!+� � �,% $�+�,%)�!��/��, ��),%*�#3,� �� * ,%" �0��/1" �,% �/,�,%�,-�, * ,%" ,�,0,%", 

��),%*�#3,� ��  � (�)�/ �)�* �/# �,% &�)1�  , 1/#* , 1 $�+�,%)�,-+1�, �),*,+,��+��, *!+�. 

��, ����% �/#, ,� �0��/1" 6.2 /�� 6.3, ��),%*�#3,%�  � (�)�/ �)�* �/#  �� �),*,+,��+���� 

*�+# �� ���  �" �1)�� .*1�" '�,% %�#)(,%� 2 ! 3 ����" ��#��" ($���$! 2 ! 3 ��*&��),�  )��10" �,% 

��),%*�#3,%� &�,)#), ��'  �" ,�,01" $�1�10)1 �� +'�, ��' +0� “ ,��/!” (local) �$�,*%(�' � �. � 

�0��/�" 6.4 �,% �/,�,%�10, 1�12��10  � *-+�,��  �� ���#/�� 6.2 /�� 6.3. 

�/,�,%�10 , �0��/�" 6.4, * ,� ,�,0, ��),%*�#3,� ��  � (�)�/ �)�* �/#  �� �),*,+,��+���� 

*�+# �� ���  �" �1)�� .*1�" '�,% %�#)(,%� 2 ! 3 ����" ��#��", ��'  �" ,�,01" $�1�10)1 �� ��)� ��' 

+0� local �$�,*%(�' � �, /�� +0� global �$�,*%(�' � � �,% $�1�10)1 �� ��' '�1"  �" ����" ��#��". 

 

!���	�� 6.2  

�),*,+,��+��� *!+� � ��� 2 /�� 3 local modes 

Model 
setup 

H1A1 H1A2 H1A1SNR10 H1A2SNR20 H1A2SNR5 H1A2Md3 H1A2Md01SNR5 H1A1SLIP1 H1A1SLIP5 

sampling 
rate (Hz) 

10000 10000 10000 10000 10000 10000 10000 10000 10000 

#samples 8192 8192 8192 8192 8192 8192 8192 8192 8192 
fshaft 17 17 17 17 17 17 17 17 17 

A 5 5 5 5 5 5 5 - - 
Fb - - - - - - - 85.5 85.5 
Md 1 1 1 1 1 3 0.1 1 1 

Amplitude - - - - - - - - - 
Fn (Hz) 1100 2000 1100 2000 2000 2000 2000 1100 1100 

Q 10 12 10 12 12 12 12 10 10 
Noisecoef 0 0 SNR=10 SNR=20 SNR=5 0 SNR=5 0 0 

Thmax - - - - - - - - 0 
Input 

factor e 
- - - - - - - - - 

Max load 
q0 

- - - - - - - - - 

VM - - - - - - - 0.015 0.015 
g - - - - - - - 0.6667 2.000 
          

Resulted 
Kurtosis 

2.9820 6.1605 3.8260 6.1626 4.2134 6.912 3.3796 3.0525 3.2251 

 

!���	�� 6.3  

�),*,+,��+��� *!+� � ��� 2 /�� 3 local modes 

Model 
setup 

H1A2SLIP1 H1A2SLIP5 H2B1 H2B2 H2B2Md01SNR5 H2B1SLIP1 H2B1SLIP5 H2B2SLIP1 H2B2SLIP5 

sampling 
rate (Hz) 

10000 10000 10000 10000 10000 10000 10000 10000 10000 

#samples 8192 8192 8192 8192 8192 8192 8192 8192 8192 
fshaft 17 17 17 17 17 17 17 17 17 

A - - 11 11 11 - - - - 
Fb 85.5 85.5 - - - 188.67 188.67 188.67 188.67 
Md 1 1 1 1 1 1 1 1 1 

Amplitude - - 1 1 1 1 1 1 1 
Fn (Hz) 2000 2000 1500 2500 2500 1500 1500 2500 2500 

Q 12 12 10 14 14 10 10 14 14 
Noisecoef 0 0 0 0 SNR=5 0 0 0 0 

Thmax - - 80 80 80 80 80 80 80 
Input 

factor e 
- - 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Max load 
q0 

- - 1 1 1 0.4 0.4 0.4 0.4 

VM 0.015 0.015 - - - 0.015 0.015 0,015 0.015 
g 0.6667 2.000 - - - 0.3333 1.000 0.3333 1.000 
          

Resulted 
Kurtosis 

6.048 6.1281 10.4659 20.9998 10.4718 10.3036 10.9920 21.5614 21.6096 
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!���	�� 6.4  

��12!��*�  �� *%+�'���  �� ���#/�� 6.2 /�� 6.3 

	-+�,�, �)+��10� 

A fb=A*fshaft -> A=fb/fshaft, fb=bearing defective frequency 

Md Signal Amplitude 
Q Quality factor 

Amplitude amplitude of impulsive responses (BPFI only) 
Tmax max angle of bearing load zone (BPFI only) 

Max load q0 BPFI only 
VM variation of the amplitude of the impacts 
g slid factor variation 
Fb defective frequency 

 
 

!���	�� 6.5   

�),*,+,��+��� *!+� � ��� 2 /�� 3 local modes & 1 global �$*�,*%(�' � � 

2 local modes & 1 global frequency 3 local modes & 1 global frequency Model setup 
BPFO & Global BPFI & Global BPFO_I & Global BPFO_II & Global BPFI_I & Global 

sampling rate (Hz) 10000 10000 10000 10000 10000 
#samples 8192 8192 8192 8192 8192 

fshaft 17 17 17 17 17 
Fb 45 165 45 45 165 
Md 1 3 1 1 3 

Amplitude 1 1 1 1 1 
Fn1 (Hz) 1550 2500 800 1400 3100 
Fn2 (Hz) 800 800 2000 2000 2000 

Q1 12 14 10 12 16 
Q2 10 10 14 14 14 

Noisecoef 0.02 0.008 0.02 0.02 0.008 
Thmax - 80 - - 80 

Input factor e - 0.5 - - 0.5 
Max load q0 - 0.5 - - 0.5 

VM 0.015 0.015 0.015 0.015 0.015 
      

Resulted Kurtosis 11.7517 10.0233 11.1905 18.0942 29.9545 

 

 

!���	�� 6.6 ��12!��*� *%+�'���  ,% �0��/� 6.5 

	-+�,�, �)+��10� 

Fb defective frequency (BPFO or BPFI) 

Md Signal Amplitude 
fn1 local $�1�1�)'+1�� �$�,*%(�' � � 
fn2 global $�1�1�)'+1�� �$�,*%(�' � � 
Q1 Quality factor for fn1 
Q2 Quality factor for fn2 

Amplitude amplitude of impulsive responses 
Tmax max angle of bearing load zone (BPFI only) 

Max load q0 BPFI only 
VM variation of the amplitude of the impacts 

 

 

�/,�,%�10 � 1�' � � 6.2 +1  �" mode Shape 	%��) !*1�", ��� 2 /�� 3 local modes /�� 2 /�� 3 local 

modes �,% $�1�10),%� +0� global �$�,*%(�' � �. 
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6.2 ������������ ���	����� 

 

6.2.1 ���	�� ����� 

 

�, $�#�%*+� � �x t
�

  �� ���.* �� 
��+.� ��1%�1)0�" ($���$!  �" ��'/)�*�")  ,% 121 �3,+��,% 

$%��+�/,- *%* !+� ," 10��� $%�� '� �� �)�&10 �" �)�++�/'" *%�$%�*+'"  �� �$�,��%*+# �� i7
�

, 

+1 *%� 1�1* �" �)�++�/,- *%�$%�*+,-  �" �,*' � 1" � �iq t . �� �,*' � 1" � �iq t  ��,/��,-� �� 

‘������������ ������ ����������’ /�� �1)��)#&,%�  �� ��'/)�*�  ,% *%* !+� ," �" 1#� �% ' ! �� 

+,�,�#�+�, /��  ���� ��' �� +1 *%(�' � � i8 . 6 *�, � ��'/)�*�  �" +�(��!" �)#&1 �� �" 12!": 

� � � � � � � � � �1 1 2 2
1

...
N

i i N N
i

x t q t q t q t q t
�

� 7 � 7 �7 � �7�
� � � ��

                             (6.13) 

�1 #��� �'���, 10��� $%�� '� �� �1�)!*,%+1  � �$�,��-*+� � i7
�

 �" +0� �#*�  ,% N � $�#* � ,% 

�)�++�/,- (.),%, * �� ,�,0� +�,),-+1 �� �),�#�,%+1  , $�#�%*+� � �x t
�

  �� ���.* �� 
��+.� 

��1%�1)0�". ��, $1, *%� 1�1* �" �),�,�!" 10��� ,� �1��/1%+��,� 
��+,0 ��1%�1)0�" � �iq t . 	 , 

�/'�,%�, *(!+� 6.7 ��1�/,�031 �� � 120*�*� (6.13) * , $�$�#* � , (.), ($���$! ��� 2N � ). 

 

� �x t
�

117
�

217
�

1q

2q

 

 �
�� 6.7 	(�+� �/! �����)#* �*� $%��+�/!" ��'/)�*�" � �x t
�

 * , $�$�#* � , (.), 

 
��0*�", � 120*�*� (6. ) 10��� $%�� '� �� �)�&10 +1  ,� �/'�,%�, *%�,� �/'  )'�,: 

� � � �x t q t� 7
� �

                                                                         (6.14) 

'�,% 7  10��� , ������� �	� 
�
�������	�, $���$! � �1 2 ... N7 � 7 7 7
� � � �

, /�� 

� � � � � � � �1 2 ...
T

Nq t q t q t q t� �� � �
�

. 	%�1�.", � 120*�*� (6.2) �1)��)#&1� ���� �)�++�/' 

+1 �*(�+� �*+', * ,� ,�,0, � �#*�  ,% +1 �*(�+� �*+,- 10���  , *-�,�,  �� �$�,��%*+# �� (12 ,% 

/�� � ,�,+�*0� ‘��������������� ��������������’)  ,% 121 �3'+1�,% $%��+�/,- *%* !+� ,". 

�1��/1-,� �", �* � ��� $%��+�/' *-* �+� N  
��+.� ��1%�1)0�", * , ,�,0, �+1�,-+1  �� 

��'*�1*� (*%� �)� �/! �),*����*�). �1 #��� �'���, �1�),-+1 ��� �,�-���+�, *-* �+� m k�  /�� 
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�* � ' � *1 �% ' �*/10 �� 12� 1)�/! $-��+� $���1)*�" F
�

. �� #  � ���* #, � 120*�*� �*,)),�0�" 

 ,% *%* !+� ," 10���: 

M x K x F� � ���
�� �

                                                                   (6.15) 

�,������*�#3,� �" ��' �)�* 1)#  �� 120*�*� (6.15) +1  ,� �0��/� T7 , ��+�#�,� �" %�'4�  �" 

�$�' � 1" ,)�,/��,��/' � �"  �� �$�,��%*+# �� /�� 1�*#�,� �"  �� 120*�*� (6.14), �),/-� 1�: 

� � � � � �q q tT T TM q t K q t F �7 7 �7 7 � 7 999.��
� �� �

 

1 1 1 1 1

2 2 2 2 2
1 2 1 2 1 2... ... ...

... ... ... ... ...
T T T T T T T T T

N N N

N N N N N

q q F

q q F
M K

q q F

# : # :7 7� � � � � � � � �
    � � � � � � � �7 7    � � � � � � � �� � � � � �& 7 7 7 � 7 7 7 � 7 7 7" ; " ;� � � � � �� � � � � � � �    � � � � � � � �    7 7� � � � � � � � �! < ! <

��
� � �

��
� � �

� � � � � � � � �

��
� � �

�
� �
� � &
� �
� �

�

11 22 11 22

1 1

2 2
1 1 2 2 1 1 2 2

1 1 2 2

... ...
... ...

NN NN

T T T T T T
N N N N

m m k km k

N N

T T

q q

q q
M M M K K K

q q

F F

# : # :
    # : # :        

& 7 7 �7 7 � �7 7 � 7 7 �7 7 � �7 7 �" ;" ; " ;" ;
        ! < ! <

    ! < ! <

� 7 �7 �

��

��

����	 ����	 ����	 ����	����	 ����	� � � � � � � � � � � �

��

� � � �
� �

� �2

...

ii

T
T T ii i
N N ii i ii i i i i

ii ii

g t

k F
F m q k q F q q

m m

8

� � � �7
�7 & � � 7 & � � &� � � �

� � � �
�� �� � �

� � � �
��	 ����	

 

� � � � � �2 , 1,2,...,i i i iq t q t g t i N8& � � ���                                             (6.16) 

 

��,+���", � ��'/)�*�  �" +�(��!" +1 &�,)# ),%�1+#� *1 +�� ��*� +� )�*�" A, � ,�,0� $�1�10)1� 

+�� *%(�' � � �� 10��� $%�� '� �� �1)��)�&10 ��'  ,� ‘����������� 
���� ����������’ q1A= 71� x h1A 

/��  , �$�,#�%*+� 71� * � ��*� +� )�*�" A.   

 6 *�, � ��'/)�*�  ,% *%* !+� ," (+�(��!") * � ��*� +� )�*�" A �" 1#� �% ' ! �� +,�,�#�+�, /�� 

 ���� ��' �� +1 *%(�' � � �� �)#&1 �� �" 12!": 

 

AAAAAAA hhq 1
2
111111A  X /7�/7/7�/7�                (6.17) 

 

 

6.2.2 ������������ ��� ����� ��� ���������� ��� ‘����	��’ ������������ 

 

� 1� �1)0� �*� �&,)#  �� -��)2� $-, ��*&��)��  )����� – ),%�1+#�  � ,�,0� 1�$�(1 �� �� 

��),%*�#3,%� ��#�� * ,� 12� 1)�/' ! 1*� 1)�/' $�/ -��,, ! �1� ,%)�,-� (�)0" ��#�� ($-, ����" 

*�+# ��), �,% �)0*/,� �� * � *�+10� A /�� B. �#�1 +0� ��'  �" ����" �% �" $�1�10)1� +0�  ,��/! 

�$�,*%(�' � � (local mode) �,% $1� 10��� ,)� ! * �� #��� ���!.  �� *�+10� C /�� D ��, 1�,-� 

*�+10� ��)� !)�*�" (��*�� !)�� ')����), �,% ��)� �),-�  � *!+� � �,% �),�)(,� �� /�� ��'  �" 

$-, ����".  �� *�+10� C /�� D �(,%�  ,�,�1 ��10 *1  %(�01" ��*1�", ���# +1  � ,�,  )'�,, .* 1  , 
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/#�1 ��� ��'  � C /�� D �� �)0*/1 �� ��, /,� # *1 +0� ��'  �" $-, ����" �� 0* ,�(�. �% ' *%+��0�1� 

�),/1�+��,%, ' �� %�,�,��* ,-�  � *%�$%�*+��� *!+� � (observed signals XC XD), * , +1� XC �� 

“%�1)�(1�” �)��+� �/#  , *!+� �,% �),�)(1 �� ��'  �� ���!  �" ��*�" A /�� * , XD �� %�1)�(1�  , 

*!+�  �" ���!" B. �, *(!+� �,% �/,�,%�10, ��1�/,�031�  �" $-, shape functions �,% 

()�*�+,�,�,-� �� * �� �1)0� �*�  �� 2 ���.� ��#��", /��." /��  ��  ,�,�� �*�  �� *�+10�� A, 

B, C, /�� D. 

  

 
 �
�� 6.8 Shape Functions for 2 local modes (The Lagrange linear shape functions) 

 

 

�� shape functions �,% ()�*�+,�,�,-� �� * �� �1)0� �*�  �� 2 ���.� 10��� 11 x2Y ��  /�� 

1-xY 22 �  

�� F1A, F1B, F1C, F1D, F2A, F2B, F2C /�� F2D 10��� *%� 1�1* �"  �� XC /�� XD, �,% %�,�,�03,� �� ��'  �" 

��)��#�� shape functions. 

� %�,�,��*+'"  �� *�+# ��  �� *�+10�� ��)� !)�*�" XC /�� XD �)��+� ,�,�10 �� �" 12!": 

 

� � �
�

�
�
�

�
/

/
/

�
�
�
�

�

�

�
�
�
�

�

�

����
2B2B

1A1A

2D

2C

2B

1D

1C

1A

DC h7

h7

7

7

7

0

   

7

7

0

7

q7XXX  

 

,'�,% 7i ,� *%� 1�1* �" Fi, h1A  , *!+� (� /%+� ,+,)&!  ,% *!+� ,") �,% �),�)(1 �� ��'  �� ���! 

 �" ��*�" A /�� h2B  , *!+� �,% �),�)(1 �� ��'  �� ���!  �" ��*�" 
. 

	%�1�."  � *%�$%�*+��� *!+� � XC /�� XD $0�,� �� ��'  ,%"  -�,%" �,% �/,�,%�,-�: 
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2B2C2B1A1C1AC h77  h77X //�//� /�� 2B2D2B1A1D1AD h77  h77X //�//�  

 

 

6.2.3 ������������ ��� ����� ��� ���������� ��� ‘	���
’ 	�� ��� ‘����	��’ 

������������ 

 

� �1)0� �*� �% ! �&,)# /�� �#��  �� -��)2� $-, ���.� *�+# �� ($-, ��*&��),�  )��10" �,% 

1�$�(1 �� �� ��),%*�#3,%� ��#�� * ,� 12� 1)�/' ! * ,� 1*� 1)�/' $�/ -��,) �,% �)0*/,� �� * �" 

��*1�" A /�� B. �#�1 +0� ��'  �" ����", $�1�10)1� +0�  ,��/! (local) �$�,*%(�' � �. ��0*�" ��' /#�1 

���!, $�1�10)1 �� +0� global �$�,*%(�' � �. � global �$�,*%(�' � � �,% $�1�10)1 �� ��' /#�1 ���! 

(),%�1+#�), �(1�  �� 0$�� *%(�' � �, ���# $��&,)1 �/# (�)�/ �)�* �/#, �,% 12�) .� �� ��'  , 10$," 

 �" ��#��" �,% &�)1�  , /#�1 ),%�1+#�. ��� *1 �% !  �� �1)0� �*�  � *�+10� C /�� D ��, 1�,-� 

*�+10� ��)� !)�*�"  �� *�+# ��, /#�1 ��� ��'  � ,�,0� �)0*/1 �� ��, /,� # *1 +0� ��'  �" $-, 

����". � $��&,)# *1 *(�*� +1  �� �1)0� �*� �,% %�#)(,%� +'�,  ,��/�" �$�,*%(�' � 1", 10��� ' � 

* ,� %�,�,��*+'  �� *%�$%�*+���� *�+# �� XC /�� XD, �� 1+�1)��(1 �� /�� � global �$�,*%(�' � � 

�,% $�1�10)1 �� ��'  �� /#�1 ���!. � 1�/'�� �,% �/,�,%�10 ��),%*�#31�  �" shape functions ���  � 2 

local mode, /��." /��  � shape function  �" global �$�,*%(�' � �" �,% $�1�10)1 �� /�� ��'  �" $-, 

����"  �� *�+10�� A /�� B. 

 

 
 �
�� 6.9 Shape Functions for 2 local modes and 1 global frequency 
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�� shape functions ()�*�+,�,�,-� �� * �� �1)0� �*�  �� 2 ���.� /��  �" +0�" global �$�,*%(�' � �" 

10���: 11 x2Y �� , 1-xY 22 �  /�� 9  x12 - x4Y 3
2

33 �//� . 

�� F1A, F1B, F1C, F1D, F2A, F2B, F2C, F2D, F3A, F3B, F3C /�� F3D 10��� *%� 1�1* �"  �� XC /�� XD, �,% 

%�,�,�03,� �� ��'  �" ��)��#�� shape functions. �% ' �,% ��)� �)10 �� /�� 10��� ���+1�'+1�, 

�&,)#  ,%" *%� 1�1* �" F1A, F2B, F3A /�� F3B �,% ��+�#�,%� /�� ,�  �**1)�"  ��  �+! 1. �% ' 

,&10�1 �� * , ' � ,� F1A /�� F2B ��, 1�,-� *%� 1�1* �" �,% �),�)(,� �� ��' local �$�,*%(�' � 1", 

/�� ,� F3A, F3B ��, 1�,-� *%� 1�1* �"  �" global �$�,*%(�' � �" �,% $�1�10)1 �� /�� ��'  �" $-, 

����". 

 

� %�,�,��*+'"  �� *�+# ��  �� *�+10�� ��)� !)�*�" XC /�� XD �)��+� ,�,�10 �� �" 12!": 

 

� �
�
�
�
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�
�

�
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�

����

3B3B3A3A

2B2B

1A1A

3D

3C

3B

3A

2D

2C

2B

1D

1C

1A

DC

h7h7

h7

h7

7

7

7

7

  

7

7

7

0

  

7

7

0

7

q7XXX  

 

,'�,% 7i ,� *%� 1�1* �" Fi, /�� h1A  , *!+� (� /%+� ,+,)&!  ,% *!+� ,") �,% �),�)(1 �� ��'  �� 

���!  �" ��*�" A, h2b  , *!+� �,% �),�)(1 �� ��'  �� ���!  �" ��*�" 
, h3A  , *!+� +1  � global 

�$�,*%(�' � �, ���# (�)�/ �)�* �/# �,% 12�) .� �� ��'  , 10$,"  �" ��#��" �,% &�)1�  , ),%�1+#� 

�,% 1$)#31 �� * � ��*� A /�� h3B  , *!+� +1  � global �$�,*%(�' � �, ���# (�)�/ �)�* �/# �,% 

12�) .� �� ��'  , 10$,"  �" ��#��" �,% &�)1�  , ),%�1+#� �,% 1$)#31 �� * � ��*� B. 

	%�1�."  � *%�$%�*+��� *!+� � XC /�� XD $0�,� �� ��'  ,%"  -�,%" �,% �/,�,%�,-�: 

 

3B3C3B3A3C3A2B2C2B1A1C1AC h77  h77  h77  h77X //�//�//�//�  

3B3D3B3A3D3A2B2D2B1A1D1AD h77  h77  h77  h77X //�//�//�//�  

 

 

6.2.4 ������������ ����� ����� ��� ���������� ����� ‘����	��’ ������������ 

 

	1 �% !  �� �1)0� �*� %�#)(,%� 3 ��*&��),�  )��10" �,% 1�$�(1 �� �� ��),%*�#3,%� ��#�� * ,� 

12� 1)�/' ! 1*� 1)�/' $�/ -��, (3 ����" *�+# ��), �,% 1$)#3,� �� * �" ��*1�" A, B /�� F. �#�1 +0� 

��'  �" ����" *�+# �� $�1�10)1� +0�  ,��/! �$�,*%(�' � � (local mode). �� *�+10� C, D, /�� E 

��, 1�,-�  � *�+10� ��)� !)�*�" (1/10  ,�,�1 ,-� ��  � ��*�� !)�� ')����),  � ,�,0� �(,%� 

 ,�,�1 ��10 *1  %(�01" ��*1�", ���# /#�1 ��� ��' �% # �)0*/1 �� ��, /,� # *1 +0� ��'  �"  )1�" 

����". ��'  � *�+10� C, D /�� E +�,),-� �� ��)� �)��,-�  � *!+� � XC, XD /�� XE (observed 

signals), /#�1 ��� ��'  � ,�,0� ��, 1�10 *%�$%�*+'  �� *�+# �� �,% �),�)(,� �� ��'  �"  )1�" 

����". �  ,�,�� �*�  �� *�+10�� C, D /�� � ��, /,� # * �" ��*1�" A, B /�� F �� 0* ,�(�, *%+��0�1� 

.* 1 *1 /#�1 ��� ��'  � XC, XD, XE �� %�1)�(1� �)��+� �/#  , *!+� �,% �),�)(1 �� ��'  �� ���! �, 
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B /�� F �� 0* ,�(�. � 1�/'�� �,% �/,�,%�10, ��),%*�#31�  �"  )1�" shape functions �,% 

()�*�+,�,�,-� �� * �� �1)0� �*�  �� 3 ���.� ��#��", /��." /��  ��  ,�,�� �*�  �� *�+10�� A, 

B, C, D, E /�� F. 

 

 
 �
�� 6.10 Shape Functions for 3 local modes (The Lagrange quadratic shape functions) 

 

 

 

�� shape functions �,% ()�*�+,�,�,-� �� * �� �1)0� �*�  �� 3 ��*&��)��  )����� 10���: 

 

� �
2

6  x5 - xY 1
2

1
1

�/� , � �
2

2  x3 - xY 2
2

2
2

�/�  /�� 
� �

2
3  x4  xY 3

2
3

3
�/��� . 

�� Fi 10��� *%� 1�1* �"  �� XC, XD, XE /�� %�,�,�03,� �� ��'  �" ��)��#�� shape functions. 

� %�,�,��*+'"  �� *�+# �� XC, XD /�� XE  �� *�+10�� ��)� !)�*�" C, D /�� E �)��+� ,�,�10 �� 

�" �/,�,-��": 
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,'�,% 7i ,� *%� 1�1* �" Fi � h1A  , *!+� �,% �),�)(1 �� ��'  �� ���!  �" ��*�" A, h2B  , *!+� �,% 

�),�)(1 �� ��'  �� ���!  �" ��*�" B /�� h3F  , *!+� �,% �),�)(1 �� ��'  �� ���!  �" ��*�" F. 

	%�1�."  � *%�$%�*+��� *!+� � XC, XD /�� XE $0�,� �� ��'  ,%"  -�,%" �,% �/,�,%�,-�: 

 

3F3C3F2B2C2B1A1C1AC h77  h77  h77X //�//�//�  

3F3D3F2B2D2B1A1D1AD h77  h77  h77X //�//�//�  

3F3E3F 2B2E2B1A1E1AE h77 h77  h77X //�//�//�  

 

 

6.2.5 ������������ ����� ����� ��� ���������� ��� ‘	���
’ 	�� ����� ‘����	��’ 

������������ 

 

	1 �% !  �� �1)0� �*� %�#)(,%� /�� �#�� 3 ��*&��),�  )��10" (3 ����" *�+# ��) �,% 1�$�(1 �� �� 

��),%*�#3,%� ��#�� * ,� 12� 1)�/' !  ,� 1*� 1)�/' $�/ -��, ! �� +�� ��),%*�#3,%� ��#��. �� 

),%�1+#� 1$)#3,� �� * �" ��*1�" A, B /�� F. ��' /#�1 ���! *!+� ," $�1�10)1 �� +0�  ,��/! (local) 

�$�,*%(�' � �. ��0*�" 12�� 0�"  �� *�+# ��  ��  )�.� ���.� $�1�10)1 �� +0� global �$�,*%(�' � �, 

�,% �(1�  �� 0$�� *%(�' � � ���  �� /#�1 ���! * �� ,�,0� 1+&��031 ��, ���# $��&,)1 �/# 

(�)�/ �)�* �/# �,% 12�) .� �� ��'  ,�  -�,  �" ��#��" �,% &�)1�  , /#�1 ��� ��'  �  )0� 

),%�1+#�. �� *�+10� C, D /�� E ��, 1�,-� *�+10� ��)� !)�*�"  �� *�+# ��, /#�1 ��� ��'  � 

,�,0� �)0*/1 �� ��, /,� # *1 +0� ��'  �"  )1�" ����". � $��&,)# *1 �% !  �� �1)0� �*�, 10��� ' � 

* ,� %�,�,��*+'  �� *%�$%�*+���� *�+# �� XC, XD /�� XE, �� 1+�1)��(1 �� /�� � global 

�$�,*%(�' � � �,% $�1�10)1 �� ��'  �� /#�1 ���!. � 1�/'�� �,% �/,�,%�10 ��),%*�#31�  �" shape 

functions ���  � 3 local mode, /��." /��  � shape function  �" global �$�,*%(�' � �" �,% $�1�10)1 �� 

/�� ��'  �"  )1�" ����" *�+# �� * �" ��*1�" A, B /�� F. 
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 �
�� 6.11 Shape Functions for 3 local modes and 1 global frequency 

 

�� shape functions ()�*�+,�,�,-� �� * �� �1)0� �*�  �� 3 ���.� /��  �" +0�" global �$�,*%(�' � �" 

10���: 

� �
2

6  x5 - xY 1
2

1
1

�/� , � �
2

2  x3 - xY 2
2

2
2

�/� ,
� �

2
3  x4  xY 3

2
3

3
�/��� , � �44 xpi2cosY //� . 

 

�� Fi 10��� *%� 1�1* �"  �� XC, XD /�� XE /�� %�,�,�03,� �� ��'  �" ��)��#�� shape functions. 

� %�,�,��*+'"  �� *�+# �� XC, XD /�� XE  �� *�+10�� ��)� !)�*�" C, D /�� E �)��+� ,�,�10 �� 

�" �/,�,-��": 

 

� �
�
�
�
�

�

�

�
�
�
�

�

�

/�/�/

/

/

/

/

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�

�

�

����

4F4F4B4B4A4A

3F3F

2B2B

1A1A

4E3E2E1E

4D3D2D1D

4C3C2C1C

4F3F

4B2B

4A1A

EDC

h7h7h7

h7

h7

h7

7777

7777

7777

7700

7070

7007

q7XXXX  

 

,'�,% 7i ,� *%� 1�1* �" Fi ��h1A  , *!+� �,% �),�)(1 �� ��'  �� ���! * � ��*� A, h2B  , *!+� �,% 

�),�)(1 �� ��'  �� ���! * � ��*� B, h3F  , *!+� �,% �),�)(1 �� ��'  �� ���! * � ��*� A, h4A  , 

*!+� +1  � global �$�,*%(�' � �, ���# (�)�/ �)�* �/# �,% 12�) .� �� ��'  , 10$,"  �" ��#��" �,% 

&�)1�  , ),%�1+#� �,% 1$)#31 �� * � ��*� A, h4B  , *!+� +1  � global �$�,*%(�' � �, ���# 

(�)�/ �)�* �/# �,% 12�) .� �� ��'  , 10$,"  �" ��#��" �,% &�)1�  , ),%�1+#� �,% 1$)#31 �� * � 
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��*� B /�� h4F  , *!+� +1  � global �$�,*%(�' � �, ���# (�)�/ �)�* �/# �,% 12�) .� �� ��'  , 

10$,"  �" ��#��" �,% &�)1�  , ),%�1+#� �,% 1$)#31 �� * � ��*� F. 

	%�1�."  � *%�$%�*+��� *!+� � XC, XD /�� XE $0�,� �� ��'  ,%"  -�,%" �,% �/,�,%�,-�: 

 

4F4C4F4B4C4B4A4C4A3F3C3F2B2C2B1A1C1AC h77h77h77h77h77h77X //�//�//�//�//�//�

4F4D4F4B4D4B4A4D4A3F3D3F2B2D2B1A1D1AD h77h77h77h77h77h77X //�//�//�//�//�//�

4F4E4F4B4E4B4A4E4A3F3E3F2B2E2B1A1E1AE h77h77h77h77h77h77X //�//�//�//�//�//�
 

 

�), ,- 21/��!*1� � ��),%*0�*�  �� �),*,+,��+���� ��, 1�1*+# �� ��'  ,%" ���')��+,%" 

$��(�)�*+,- ��� 2 ! 3 local ����" +1 ! (�)0" $�1�1�)'+1�� global �$�,*%(�' � �, �)��1� �� 

*�+1���10, ' �  � Mode Shapes �,% ()�*�+,�,�,-� �� 1$., $1� 10��� +,��$�/#, +1  �� ���,�� ' � 

+�,)10 �� ()�*�+,�,���,-� /�� #��� mode shape, �)/10 ������ �� 10��� *(1$��*+��� +1 �#*�  , 

10$,"  �" 1)��*0�"  �� ,�,0� �)'/1� �� �� 1�� 1��*,%�. �� mode shape �,% ()�*�+,�,�!��/�� 1$., 

+�,),-� �� ���3� ��,-� * �� �/'�,%�� �* ,*1�0$� ��� �1)�� �)� ���),&,)01" 

http://infohost.nmt.edu/~es421/ansys/shapefnt.htm. 

����),*�� �", �� *�+1���10 ' � ,�  ,�,�1 !*1�"  �� ��*�� !)��� ,)�#��� * �" ��*1�" C, D /�� E, 

$1� 10��� +,��$�/�", /�� '��" ��),%*�#31 �� * � *%��(1��, �0�,� �� +1 )!*1�" ��� $��&,)1 �/�" 

 ,�,�1 !*1�"  �� ��*�� !)��, *1 *(�*� �#� � +1  �" ��*1�" * �" ,�,01" �)0*/,� �� ,� ����" ��#��" 

(��*1�" A, B /�� F, '�,% $���$! 1/10 1$)#3,� �� ,� ��*&��),�  )��10" �,% &�),%� ! '(� /#�,�� 

&�,)#). 

 

 

6.3 +���������� ��� ��� ����� ��� ���������� ��� ���������	�� ‘����	��’ 

������������� 

 

	1 �% !  �� 1�' � � ��),%*�#3,� ��  � ��, 1��*+� �  �� ���,)0�+�� $��(�)�*+,- ���  � 

%�,�,��* �/# �),*,+,��+��� *!+� �, * �� �1)0� �*� '�,% %�#)(,%� $-, ����" ��#��". 

��, *%�/1/)�+��� � 1�' � � 6.3 �(1� $��)�)��10 �" 12!": �)(�/# ��),%*�#3,� ��  � �,*, �/# 

��, 1��*+� �  �� ���')��+�� $��(�)�*+,-, ��� /#�,�1" 1�$1�/ �/�" �1)�� .*1�" ��#��", ��� 2 

$��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)�� ($���$!  �� *�+10�� C /�� D). 	 � *%��(1��, $0�,� �� 

�0��/1" +1  � ��, 1��*+� � $��(�)�*+,- '���  �� �),*,+,��+���� *�+# �� ��'  ,%"  �**1)�" 

���')��+,%" $��(�)�*+,-. ���," $0�,� �� ,)�*+��� *(!+� �, �,% ��),%*�#3,%�  � �,�, �/# 

��, 1��*+� � $��(�)�*+,- ��� /#�,�1" 1�$1�/ �/�" �1)�� .*1�" ��#��". :�1" ,� %�'�,��1" 

*(�+� �/�" �����)�* #*1�" (/%+� ,+,)&�", &#*+� �, /��), ,� ()�*�+,�,�,-+1�,� ���')��+,�,  � 

�),*,+,��+��� *!+� � /��, 10��� $����*�+� ��� �1)�� �)� 1�121)��*0�. 

 

 

	 �� �1)0� �*� '�,% $1� $�1�10)1 �� /#�,�� global �$�,*%(�' � � ��'  �" 2 ����", ,�,��$!�, 1 /�� 

�� 10��� �  ,�,�� �*�  �� *�+10�� C /�� D (�)/10 �� +�� 21�1)�#  , +�*,  ,% $���)#++� ,") �#�� 
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* �" shape functions ('�,% 1/10 1$)#3,� ��  � ��*�� !)�� ')����), ,� ���')��+,� �$�*�� 120*,% /��# 

��, 1��*+� � $��(�)�*+,-. 

��� �% '  , �'�,, �� 121 �* ,-�  , �." $��(�)03,� ��  � *!+� �, +'�, ��� $-, $��&,)1 �/�" 

 ,�,�1 !*1�"  �� *�+10�� C /�� D. 

���  � +1�� � �% !, ()�*�+,�,�,-� �� /#�,�� 31-�� ��'  � �),*,+,��+��� *!+� � �,% 

��),%*�#* �/�� * ,%" �0��/1" 6.1, 6.2, 6.3. 

	 �" ��*1�" A /�� B ('��" &�0�1 �� ��'  �" shape functions) 1$)#31 �� ��� ),%�1+#� �,% 1+&��031� 

/#�,�, ��'  � ��)��#�� �),*,+,��+��� *!+� � (�.(. ��#�� * ,� 1*� 1)�/'-12� 1)�/' $�/ -��, 

+1/(�)0" �)'*�1 , �')%�,, ! */� ," Gaussian �')%�," �,% *�+�0�1� ' �  , ),%�1+#� $1� 

��),%*�#31� &�,)#). 

 

�� �1)�� .*1�" ����.� �,% �� +1�1 ��,-� 10��� ,� 12!" (��#�� * � ��*� � – ��#�� * � ��*� B): 


 H1A1 – H2B1 


 H1A1 – H1A2 


 H1A2 – WHITENOISE 


 H1A1SNR10 – H1A2SNR5 


 H2B1 – H2B2 


 H1A2Md01SNR5 – H2B2Md01SNR5 

 

� +1�� � �,% �� �)��+� ,�,���10 �� �1)���+�#�1�  � �/'�,%�� * #$��: 


   �,�,�031 �� � /-) �*�  �� �/,�,-���: 


 Kurtosis_A -> �  �+!  �" /-) �*�"  �" ���!" A 


 Kurtosis_B -> �  �+!  �" /-) �*�"  �" ���!" B 


 ��  �+�"  �" /-) �*�"  �� �)(�/.� ����0�� *�+# ��  �� ),%�1+#� * �" ��*1�" A /�� B, �� 

*%�/)��,-� +1  �" �� 0* ,�(1"  �+�" /-) �*�"  �� $��(�)�*+���� *�+# �� '��" �),/-� ,%� 

��'  ,%" ���')��+,%" $��(�)�*+,-, �),/1�+��,% �� ��)� �)��10 /� # �'*, /��# $��(�)03,%� ! 

'(�  � *!+� �. 
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6.3.1 "�����
 ������ ������� C 	�� D 

 

 

 

 �
�� 6.12 1�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C /�� D (2 local modes) 

 

�� *%� 1�1* �" Fi ���  � *�+10� C /�� D, '��" �),/-� ,%� ��'  �� 1�  ,�,�� �*�  ,%" * �" shape 

functions 10��� ,� 12!": 

F1A=1, F1B=0, F1C=0.8, F1D=0.3 

F2A=0, F2B=1, F2C=0.2, F2D=0.7 

���  �� �1)0� �*� '�,%  , ��� ),%�1+#� $1� ��),%*�#31� ��#�� (�* � �% ' �,% 1$)#31 �� * � ��*� 

B),  ' 1 ,� *%� 1�1* �" %�,$1/����*�#3,� �� (�'��  ,% ' � 1+&��031 �� +'�, �1%/'" Gaussian 

�')%�,"): 

F2A=0, F2B=0.1, F2C=0.02, F2D=0.07 

 

 

�/,�,%�,-� ��� /#�1 +0� ��'  �" �1)�� .*1�" ����.� (31-�� ��#��"  �" ���!" A /�� ��#��"  �" 

���!" B), ,� �� 0* ,�(1"  �+�"  �" /-) �*�"  �� �)(�/.� ����0�� *�+# �� /��  �� $��(�)�*+���� 

*�+# �� �,% �),/-� ,%� ��'  ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% 

()�*�+,�,�!��/��. 
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!���	�� 6. 7  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 1�  ,�,�� �*�  �� ��*�� !)�� (2 local modes) 

Source 
Signals 

�),*,+,�.*1�" 

���.� 

Kurtosis 
of source 
signals  
S1 S2 

Unmixed 
Signals 

Infomax 
kurtosis 

of 
U1 U2 

ICA 
Fixed 
Point 

kurtosis 
of U1 U2 

PearsonICA 
kurtosis of 

U1 U2 

Parra 
Temporal 

Predictability 
kurtosis of 

U1 U2 
        

S1 H1A1 2.9820 U1 2.9580 10.0794 2.9544 9.9067 

S2 H2B1 10.0677 U2 10.0778 2.9471 10.0700 2.9825 

        

S1 H1A1 2.9820 U1 2.9906 6.1709 6.1679 6.1378 

S2 H1A2 6.1605 U2 6.1654 2.9871 2.9904 2.9831 

        

S1 H1A2 6.1605 U1 6.1609 6.1628 0.0458 6.1496 

S2 WHITENOISE 0.0440 U2 0.0418 0.0441 6.1644 0.0388 

        

S1 H1A1SNR10 3.8260 U1 3.8285 4.2154 3.8292 4.2074 

S2 H1A2SNR5 4.2134 U2 4.2131 3.8257 4.2120 3.8284 

        

S1 H2B1 10.4659 U1 10.4990 21.0117 21.0203 20.8983 

S2 H2B2 20.9998 U2 21.0046 10.4936 10.4980 10.4346 

        

S1 H1A2Md01SNR5 3.3796 U1 3.3748 10.4511 3.3753 10.2018 

S2 H2B2Md01SNR5 10.4718 U2 10.4704 3.3816 10.4802 3.4013 

        

S1 H1A2SLIP5 6.1281 U1 6.1299 21.6130 6.1298 21.5539 

S2 H2B2SLIP5 21.6096 U2 21.6095 6.1291 21.6048 6.1274 

 

 


 ��)� �)!��/1 ' � ��� /#�1 31-�," ����.�, 1/ 1�.� �"  ,� ���')��+, Infomax �1)�**' 1)1" 

��' +0� &,)�", +�')1*�� /�� �!&��/�� /��- 1)� ��, 1��*+� � ���  �"  �+�"  �" /-) �*�", �,% 

*1 ,)�*+��1" �1)�� .*1�" *%+�0� ,%� +1  �"  �+�" /-) �*�"  �� �)(�/.� ����0�� *�+# ��. �0� 

�/'+� �,�- *�+�� �/! ��)� !)�*� 10��� ' � , ���')��+," Infomax, $��(�)031� �#� �  � *!+� � 

*1 *%+&��0� +1  � *1�)# +1  �� ,�,0� &,) .��/�� /# � �,% *�+�0�1� ' � 10��� *1 ��*� �� 

1� ,�031�  �� ���! ��'  �� ,�,0� �),�)(1 ��  , 1/#* , 1 $��(�)�*+��, *!+�. 


 �� *�+1���10 ' � , ���')��+," ICA Fixed Point $���� 1�  )1�" 1���,��" �)��  ,� %�,�,��*+'  ,% 

demixing �0��/�. 

Select non-quadratic function G 

1:cosh, 2:exp, 3:power(kurt) 
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value=  ... 

�$. 1�����1 �� /#�1 &,)# �  �+! �,% $0�1�  � /��- 1)� ��, 1��*+� � * �"  �+�"  �" kurtosis  �� 

$��(�)�*+���� *�+# �� *1 *(�*� +1  � �)(�/# ����0� *!+� �. :��" ��)� �)!��/1 ��' 

$�#&,)1" 1�����!41�"  ,% ���')��+,% ��� value=2  � �  �+!  �" /-) �*�"  �� $��(�)�*+���� 

*�+# �� 10��� ��, /,� # * ��  �+!  �" kurtosis  �� �)(�/.� ����0�� *�+# ��. 


 :*,� �&,)#  ,� ���')��+, PearsonICA, �)��1� �� *�+1���10 ' � *1 /#�1 2� 1���#��4� 

1/ ��1*�"  ,% ���  , 0$�, 31-�," �),*,+,��+���� ����.�, ���#31�  � *1�)# 1+&#��*�"  �� 

$��(�)�*+���� *�+# ��. ��0*�" �)��1� �� *�+1���10 ' � , demixing matrix W, ���#31� *%�1(." 

�" �),"  � �)'*�+� ��� /#�1 1���#��4�  ,% 0$�,% 31-�,%" �),*,+,��+���� ����.�. ���," /�� 

�  �+!  �" /-) �*�"  �� $��(�)�*+���� *�+# ��, +1 ��#��1 �� *1 �,�- +�/)' �,*,* ' ( �" 

 #2�" ±0.0001~0.0025) -* 1)� ��' /#�1 1���#��4�  ,% ���')��+,%. 


 :*,� �&,)#  ,� ���')��+, Parra Temporal Predictability, ��12�) ! �"  ,% ��!�,%"  �� 

1/ 1��*1�� ��� /#�1 31-�," ��#��", , ���')��+," �$��1  �" 0$�1"  �+�" kurtosis, ���  , 1/#* , 1 

31-�," ��#��". ��' �% !  � ��)� !)�*� *%+�1)�0�1 �� ' � , ���')��+," Parra Temporal 

Predictability 10��� “��'�% �” * ��1)'", /� #  , $��(�)�*+'  �� *%�$%�*+���� *�+# ��, *1 

*(�*� +1  ,%" %�'�,��,%" ���')��+,%", '�,% +1 1������+���'+1�1" 1/ 1��*1�"  ,%" 

+1 ��#��,� �� ,�  �+�"  �" /-) �*�", �� /�� � +1 ��,�! �% ! �),*1��031� �/'+� /��- 1)�  �" 

 �+�" kurtosis  �� �)(�/.� ����0�� *�+# ��. 

�# � �,% �)��1� �/'+� ��  ,��* 10 ���  ,%" ���')��+,% ICA Fixed Point, PearsonICA /�� Parra 

Temporal Predictability, 10��� ' � *1 �� 0�1*� +1  ,� ���')��+, Infomax, $1 +�,),-� �� 1� ,�03,%� 

�#� �  �� ���! ��'  �� ,�,0� �),�)(1 ��  , /#�1 $��(�)�*+��, *!+�. �% ' &�0�1 �� /�� ��'  ,� 

�0��/� 6.7, * ,� ,�,0, ,� 3 �% ,0 ���')��+,� $��(�)03,%� +1�  � *!+� � (&�0�1 �� ��'  �"  �+�" 

kurtosis  �� $��(�)�*+���� *1 *-�/)�*� +1  �"  �+�" kurtosis  �� �)(�/.� ����0�� *�+# ��), ���# � 

*1�)# $��(�)�*+,- $��&��10 *1 *(�*� +1  �� �� 0* ,�(� *1�)# &') �*�"  �� �)(�/.� *�+# ��. 

 

 

 �
�� 6.13 2�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C /�� D (2 local modes) 
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�� *%� 1�1* �" Fi ���  � *�+10� C /�� D, '��" �),/-� ,%� ��'  �� 2�  ,�,�� �*�  ,%" * �" shape 

functions 10��� ,� 12!": 

F1A=1, F1B=0, F1C=0.6, F1D=0.4 

F2A=0, F2B=1, F2C=0.4, F2D=0.6 

�/,�,%�,-� ��� /#�1 +0� ��'  �" �1)�� .*1�" ����.� (31-�� ��#��"  �" ���!" A /�� ��#��"  �" 

���!" B), ,� �� 0* ,�(1"  �+�"  �" kurtosis  �� �)(�/.� ����0�� *�+# �� /��  �� $��(�)�*+���� 

*�+# �� �,% �),/-� ,%� ��'  ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% 

()�*�+,�,�!��/��. 

 

!���	�� 6.8  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 2�  ,�,�� �*�  �� ��*�� !)�� (2 local modes) 

Source 
Signals 

�),*,+,�.*1�" 

���.� 

Kurtosis 
of source 
signals 
S1 S2 

Unmixed 
Signals 

Infomax 
kurtosis 

of 
U1 U2 

ICA 
Fixed 
Point 

kurtosis 
of U1 U2 

PearsonICA 
kurtosis of 

U1 U2 

Parra 
Temporal 

Predictability 
kurtosis of 

U1 U2 
        

S1 H1A1 2.9632 U1 2.9612 10.4729 10.4675 10.4601 

S2 H2B1 10.4659 U2 10.4714 2.9526 2.9578 2.9610 

        

S1 H1A1 2.9632 U1 2.9633 6.1696 2.9625 6.1516 

S2 H1A2 6.1692 U2 6.1685 2.9628 6.1702 2.9642 

        

S1 H1A2 6.1605 U1 6.1627 6.1628 0.0458 6.1496 

S2 WHITENOISE 0.0440 U2 0.0463 0.0441 6.1644 0.0388 

        

S1 H1A1SNR10 3.7537 U1 3.7530 4.3140 3.7529 4.3086 

S2 H1A2SNR5 4.3152 U2 4.3154 3.7519 4.3122 3.7538 

        

S1 H2B1 10.4659 U1 10.4987 21.0116 21.0191 20.8983 

S2 H2B2 20.9998 U2 20.9999 10.4935 10.4974 10.4346 

        

S1 H1A2Md01SNR5 3.3796 U1 3.3753 10.4511 3.3753 10.2018 

S2 H2B2Md01SNR5 10.4718 U2 10.4747 3.3816 10.4802 3.4013 

        

S1 H1A2SLIP5 6.1281 U1 6.1291 21.6130 6.1298 21.5539 

S2 H2B2SLIP5 21.6096 U2 21.6093 6.1291 21.6049 6.1274 
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��' '�1"  �" ��)��#�� �),*,+,�.*1�" ���  �" 2 $��&,)1 �/�"  ,�,�1 !*1�"  �� *�+10�� C /�� D, 

��)� �)10 �� ' � /�� ,� 4 ���')��+,� $��(�)03,%�  � *%�$%�*+��� *!+� � * � �)(�/# ����0� 

*!+� �. �% ' $��/)0�1 �� ��)� �).� �"  �"  �+�"  �" kurtosis  �� �)(�/.� ����0�� *�+# �� +1  � 

 1��/# $��(�)�*+��� *!+� �, ��� /#�1 �1)0� �*�. 

�2#�,� �" ���  1��/' *%+��)�*+� +1 �#*�  �" �),*,+,�.*1�" ��� 2 local modes, &�0�1 �� , 

���')��+," Infomax $0�1� *%�,��/#  ,� /��- 1), $��(�)�*+'. �, *%+��)�*+� �% ' �),/-� 1�, 

121 #3,� �"  �"  �+�" kurtosis  �� ���,)0�+�� ��� '�1"  �" �1)�� .*1�", ��' '�,% /�� &�0�1 �� ' � 

*%�,��/# , Infomax $0�1�  �+�" kurtosis  �� $��(�)�*+���� *�+# �� �,% 10��� ��, /,� # * �" 

�� 0* ,�(1"  �+�" kurtosis  �� �)(�/.� ����0�� *�+# ��. ����),*�� �", +'�, , ���')��+," Infomax 

10��� *1 ��*� �� 1� ,�0*1�  �� ���!  ,% /#�1 1�'" ��'  � $��(�)�*+��� *!+� �, ��� /#�1 31-�," 

�),*,+,��+���� ����.�. 

�/,�,%�,-� �0��/1" +1  � ��, 1��*+� � $��(�)�*+,- '���  �� �),*,+,��+���� *�+# �� ��' 

 ,%"  �**1)�" ���')��+,%" $��(�)�*+,-. 

 

!���	�� 6.9  

��, 1��*+� � $��(�)�*+,- ��� 2 local modes /� #  ,� ���')��+, Infomax 

���������	 
	���� 7����	�	 ��� 

MIXTURED SIGNALS XC XD 
INFOMAX 
MODES = 2 

XC XD 
������	��	 ����	 

Simulation 

X1 X2 

U1 U2 �\� 

1st    H1A1 H2B1 H1A1 H2B1 N 

2nd    H1A1 H2B2 H1A1 H2B2 N 

3rd    H1A1 H2B2Md01SNR5 H1A1 H2B2Md01SNR5 N 

4th     H1A1 H1A2 H1A1 H1A2 N 

5th   H1A1 H1A2Md3 H1A1 H1A2Md3 N 

6th H1A1 H1A2SNR20 H1A1 H1A2SNR20 N 

7th H1A1 H1A2Md01SNR5 H1A1 H1A2Md01SNR5 N 

8th    H1A1 WHITENOISE H1A1 WHITENOISE N 

9th H1A2 H2B1 H1A2 H2B1 N 

10th H1A2 H2B2 H1A2 H2B2 N 

11th H1A2 H2B2Md01SNR5 H1A2 H2B2Md01SNR5 N 

12th H1A2 WHITENOISE H1A2 WHITENOISE N 

13th H1A1SNR10 H1A2 H1A1SNR10 H1A2 N 

14th H1A1SNR10 H1A2SNR5 H1A1SNR10 H1A2SNR5 N 

15th H1A1SNR10 H1A2Md01SNR5 H1A1SNR10 H1A2Md01SNR5 N 

16th H1A1SNR10 H2B1 H1A1SNR10 H2B1 N 

17th H1A1SNR10 H2B2Md01SNR5 H1A1SNR10 H2B2Md01SNR5 N 

18th H1A1SNR10 WHITENOISE H1A1SNR10 WHITENOISE N 

19th H2B1 H2B2 H2B1 H2B2 N 

20th H2B1 H2B2Md01SNR5 H2B1 H2B2Md01SNR5 N 

21st H2B1 WHITENOISE H2B1 WHITENOISE N 
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22nd H1A2Md3 H2B2 H1A2Md3 H2B2 N 

23rd H1A2Md01SNR5 H2B2Md01SNR5 H1A2Md01SNR5 H2B2Md01SNR5 N 

24th    H1A1SLIP1 H2B1SIP1 H1A1SLIP1 H2B1SLIP1 N 

25th H1A1SLIP1 H2B2SLIP5 H1A1SLIP1 H2B2SLIP5 N 

26th H1A1SLIP1 H1A2SLIP5 H1A1SLIP1 H1A2SLIP5 N 

27th   H1A2SLIP5 H2B2SLIP5 H1A2SLIP5 H2B2SLIP5 N 

28th H1A2SLIP5 H2B1SLIP1 H1A2SLIP5 H2B1SLIP1 N 

29th   H2B1SLIP1 H2B2SLIP1 H2B1SLIP1 H2B2SLIP1 N 

30th H2B1SLIP5 H2B2SLIP1 H2B1SLIP5 H2B2SLIP1 N 

31st H1A2SLIP5 WHITENOISE H1A2SLIP5 WHITENOISE N 

32nd H2B1SLIP1 WHITENOISE H2B1SLIP1 WHITENOISE N 

      

33rd H1A1 H1A2Md01 H1A1 H1A2Md01 N 

34th H1A1 H1A2SNR5 H1A1 H1A2SNR5 N 

35th H1A2SNR5 H2B2 H1A2SNR5 H2B2 N 

36th H1A1 H2B2SLIP5 H1A1 H2B2SLIP5 N 

37th  H1A2SLIP5 H2B1 H1A2SLIP5 H2B1 N 

38th    H1A1SLIP5 H2B1SLIP5 H1A1SLIP5 H2B1SLIP5 N 

39th    H1A1SLIP5 H1A2SLIP5 H1A1SLIP5 H1A2SLIP5 N 

40th     H1A2SLIP1 H2B2SLIP1 H1A2SLIP1 H2B2SLIP1 N 

41st    H1A2SLIP5 H2B1SLIP5 H1A2SLIP5 H2B1SLIP5 N 

42nd   H2B1SLIP5 H2B2SLIP5 H2B1SLIP5 H2B2SLIP5 N 

 

 

��'  ,� �0��/� 6.9 �),/-� ,%�  � 12!" *%+�1)#*+� � 


 	1 '�1"  �" �1)�� .*1�", , ���')��+," INFOMAX �/��1 #)�* , $��(�)�*+'  �� *%�$%�*+���� 

*�+# �� XC, XD (�)03,� �"  � *!+� � * � �)(�/# ����0� *!+� �. 


 :*,� �&,)# * ,� 1� ,��*+'  �" ���!", ��� �� �0�1� �� ���� ' �� , ���')��+," 1� ,�031�  �� 

���! ��'  �� ,�,0� �),�)(1 ��  � /#�1 $��(�)�*+��, *!+�, �),/-� 1� ' � , ���')��+," 

INFOMAX /#�1� ��, 1�1*+� �/' 1� ,��*+'  �" ���!", 10 1 �(,%+1 $-, $��&,)1 �/�" &�,)�" 

(BPFO, BPFI), 10 1 $-, 0$�1" &�,)�" (BPFO, BPFO) (BPFI, BPFI) 10 1  , ��� ��'  � $-, 

),%�1+#� $1� ��),%*�#31� ��#�� (BPFO WHITENOISE), (BPFI, WHITENOISE), 10 1 %�#)(1� 

�)'*�1 ," �')%�," * , ��� ! /�� * � $-, *!+� � (�( H1A1SNR10, H1A2SNR5), 10 1 ���#31�  , 

signal amplitude  �� *�+# �� (�( H1A1 H1A2Md01), 10 1 ���# ���#31� � *1�)# 1�*'$,%  �� 

*�+# �� (�( X1=XC X2=XD -> X1=XD X2=XC). 	1 '�1"  �" ��)��#�� �1)�� .*1�" , ���')��+," 

$��(�)031�  � *!+� � /�� 1� ,�031�  �� �� 0* ,�(�  ,% 1/#* , 1 $��(�)�*+��,% *!+� ,". 
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!���	�� 6.10  

��, 1��*+� � $��(�)�*+,- ��� 2 local mode /� #  ,� ���')��+, ICA Fixed Point 

���������	 
	���� 7����	�	 ��� 

MIXTURED SIGNALS XC XD 
ICA FIXED 

POINT MODES 
= 2 XC XD 

������	��	 ����	 

Simulation 

X1 X2 VALUE*  

U1** U2** �\� 

1st    H1A1 H2B1 1,2,3 H2B1 H1A1 O 

2nd    H1A1 H2B2 1,2,3 H2B2 H1A1 O 

1,2,3 H2B2Md01SNR5 H1A1 3rd    H1A1 H2B2Md01SNR5 
2 H1A1 H2B2Md01SNR5 

O 

4th   H1A1 H1A2 1,2,3 H1A2 H1A1 O 

5th     H1A1 H1A2Md3 1,2,3 H1A2Md3 H1A1 O 

6th H1A1 H1A2SNR20 1,2,3 H1A2SNR20 H1A1 O 

H1A2Md01SNR5 H1A1 7th H1A1 H1A2Md01SNR5 1,2,3 
H1A1 H1A2Md01SNR5 

O 

8th H1A1 WHITENOISE 1,2,3 H1A1 WHITENOISE Y 

9th H1A2 H2B1 1,2,3 H2B1 H1A2 O 

10th H1A2 H2B2 1,2,3 H2B2 H1A2 O 

1,3 H2B2Md01SNR5 H1A2 11th H1A2 H2B2Md01SNR5 
1,2,3 H1A2 H2B2Md01SNR5 

O 

12th H1A2 WHITENOISE 1,2,3 H1A2 WHITENOISE N 

13th H1A1SNR10 H1A2 1,2,3 H1A2 H1A1SNR10 O 

14th H1A1SNR10 H1A2SNR5 1,2,3 H1A2SNR5 H1A1SNR10 O 

H1A2Md01SNR5 H1A1SNR10 15th H1A1SNR10 H1A2Md01SNR5 1,2,3 
H1A1SNR10 H1A2Md01SNR5 

O 

16th H1A1SNR10 H2B1 1,2,3 H2B1 H1A1SNR10 O 

17th H1A1SNR10 H2B2Md01SNR5 1,2,3 H2B2Md01SNR5 H1A1SNR10 O 

18th H1A1SNR10 WHITENOISE 1,2,3 H1A1SNR10 WHITENOISE N 

19th H2B1 H2B2 1,2,3 H2B2 H2B1 O 

H2B1 H2B2Md01SNR5 20th H2B1 H2B2Md01SNR5 1,2,3 
H2B2Md01SNR5 H2B1 

O 

21st H2B1 WHITENOISE 1,2,3 H2B1 WHITENOISE N 

22nd H1A2MD3 H2B2 1,2,3 H2B2 H1A2MD3 O 

23rd H1A2Md01SNR5 H2B2Md01SNR5 1,2,3 H2B2Md01SNR5 H1A2Md01SNR5 O 

24th H1A1SLIP1 H2B1SIP1 1,2,3 H2B1SLIP1 H1A1SLIP1 O 

25th H1A1SLIP1 H2B2SLIP5 1,2,3 H2B2SLIP5 H1A1SLIP1 O 

26th H1A1SLIP1 H1A2SLIP5 1,2,3 H1A2SLIP5 H1A1SLIP1 O 

27th H1A2SLIP5 H2B2SLIP5 1,2,3 H2B2SLIP5 H1A2SLIP5 O 

1,2,3 H2B1SLIP1 H1A2SLIP5 28th H1A2SLIP5 H2B1SLIP1 
1,2 H1A2SLIP5 H2B1SLIP1 

O 

29th H2B1SLIP1 H2B2SLIP1 1,2,3 H2B2SLIP1 H2B1SLIP1 O 

30th H2B1SLIP5 H2B2SLIP1 1,2,3 H2B2SLIP1 H2B1SLIP5 O 

31st H1A2SLIP5 WHITENOISE 1,2,3 H1A2SLIP5 WHITENOISE N 

32nd H2B1SLIP1 WHITENOISE 1,2,3 H2B1SLIP1 WHITENOISE N 
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���&,)�/# +1  ,� ���')��+, ICA Fixed Point ��)� �),-� �� ��'  ,� �0��/� 6.10  � 12!": 


 	1 '�1"  �" �1)�� .*1�" , ���')��+," ICA FIXED POINT, �/��1 �/��,�,�� �/' $��(�)�*+'  �� 

*%�$%�*+���� *�+# �� XC, XD (�)03,� �"  � *%�$%�*+��� (observed signals) *!+� � * � 

�)(�/# ����0� *!+� �. 


 :*,� �&,)# * ,� 1� ,��*+'  �" ���!" , ���')��+," ICA $1�  � /� �&�)�1� /��'�,% /��#. 	 �� 

�1)0� �*� �,% %�#)(,%� $-, ����" /�� � +0� ��' �% �" 10��� �')%�," WHITENOISE,   ' 1, 

'��" ��)� �)!��/1 ��'  �" �),*,+,�.*1�", , ���')��+," *1 ,�,��$!�, 1 *1�)# 1�*'$,% /�� �� 

+�,%�  � *!+� �, �#� � * � $��(�)�*+��� *!+� � * � 2� ��*� �� �)0*/1 ��  , *!+�  ,% 

�,)-�,%. 	1 ,�,��$!�, 1 #��� �1)0� �*�, #��1" &,)�" 1� ,�031�  �� ���!  ,% /#�1 1�'" 

$��(�)�*+��,% *!+� ,", 1�. #��1" &,)�" 12#�1�  � $��(�)�*+��� *!+� � +1 $��&,)1 �/! *1�)# 

*1 *(�*� +1  � *1�)# +1  �� ,�,0� 10(�� &,) ��10 �)(�/# * ,� ���')��+,. 

 

!���	�� 6.11  

��, 1��*+� � $��(�)�*+,- ��� 2 local mode /� #  ,� ���')��+, PearsonICA 

���������	 
	���� 7����	�	 ��� 

MIXTURED SIGNALS XC XD 
INFOMAX 
MODES = 2 

XC XD 
���(�)�*+'" 	�+# �� / �� ,��*+'" ���!" 

Simulation 

X1 X2 

U1 U2 �\� 

1st    H1A1 H2B1 H2B1 H1A1 O 

H1A1 H2B2 2nd    H1A1 H2B2 
H2B2 H1A1 

O 

H1A1 H2B2Md01SNR5 3rd    H1A1 H2B2Md01SNR5 
H2B2Md01SNR5 H1A1 

O 

H1A1 H1A2 4th    H1A1 H1A2 
H1A2 H1A1 

O 

H1A1 H1A2Md3 5th    H1A1 H1A2Md3 
H1A2Md3 H1A1 

O 

H1A2SNR20 H1A1 6th    H1A1 H1A2SNR20 
H1A1 H1A2SNR20 

O 

H1A2Md01SNR5 H1A1 7th    H1A1 H1A2Md01SNR5 
H1A1 H1A2Md01SNR5 

O 

8th    H1A1 WHITENOISE WHITENOISE H1A1 O 

H2B1 H1A2 9th     H1A2 H2B1 
H1A2 H2B1 

O 

H2B2 H1A2 10th   H1A2 H2B2 
H1A2 H2B2 

O 

H1A2 H2B2Md01SNR5 11th   H1A2 H2B2Md01SNR5 
H2B2Md01SNR5 H1A2 

O 

12th   H1A2 WHITENOISE WHITENOISE H1A2 O 

H1A1SNR10 H1A2 13th H1A1SNR10 H1A2 
H1A2 H1A1SNR10 

O 

H1A1SNR10 H1A2SNR5 H1A1SNR10 H1A2SNR5 O 
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H1A1SNR10 H1A2SNR5 14th H1A1SNR10 H1A2SNR5 
H1A2SNR5 H1A1SNR10 

O 

H1A1SNR10 H1A2Md01SNR5 15th H1A1SNR10 H1A2Md01SNR5 
H1A2Md01SNR5 H1A1SNR10 

O 

H2B1 H1A1SNR10 16th H1A1SNR10 H2B1 
H1A1SNR10 H2B1 

O 

H1A1SNR10 H2B2Md01SNR5 17th H1A1SNR10 H2B2Md01SNR5 
H2B2Md01SNR5 H1A1SNR10 

O 

WHITENOISE H1A1SNR10 18th H1A1SNR10 WHITENOISE 
H1A1SNR10 WHITENOISE 

O 

H2B1 H2B2 19th H2B1 H2B2 
H2B2 H2B1 

O 

H2B2Md01SNR5 H2B1 20th H2B1 H2B2Md01SNR5 
H2B1 H2B2Md01SNR5 

O 

H2B1 WHITENOISE 21st H2B1 WHITENOISE 
WHITENOISE H2B1 

O 

H1A2Md3 H2B2 22nd H1A2Md3 H2B2 
H2B2 H1A2Md3 

O 

H2B2Md01SNR5 H1A2Md01SNR5 23rd H1A2Md01SNR5 H2B2Md01SNR5 
H1A2Md01SNR5 H2B2Md01SNR5 

 

H2B1SLIP1 H1A1SLIP1 24th H1A1SLIP1 H2B1SLIP1 
H1A1SLIP1 H2B1SLIP1 

O 

H1A1SLIP1 H2B2SLIP5 25th H1A1SLIP1 H2B2SLIP5 
H2B2SLIP5 H1A1SLIP1 

O 

H1A2SLIP5 H1A1SLIP1 26th H1A1SLIP1 H1A2SLIP5 
H1A1SLIP1 H1A2SLIP5 

O 

H1A2SLIP5 H2B2SLIP5 27th H1A2SLIP5 H2B2SLIP5 
H2B2SLIP5 H1A2SLIP5 

O 

H1A2SLIP5 H2B1SLIP1 28th H1A2SLIP5 H2B1SLIP1 
H2B1SLIP1 H1A2SLIP5 

O 

H2B1SLIP1 H2B2SLIP1 29th H2B1SLIP1 H2B2SLIP1 
H2B2SLIP1 H2B1SLIP1 

O 

H2B2SLIP1 H2B1SLIP5 30th H2B1SLIP5 H2B2SLIP1 
H2B1SLIP5 H2B2SLIP1 

O 

H1A2SLIP5 WHITENOISE 31st H1A2SLIP5 WHITENOISE 
WHITENOISE H1A2SLIP5 

O 

H2B1SLIP1 WHITENOISE 32nd H2B1SLIP1 WHITENOISE 
WHITENOISE H2B1SLIP1 

O 

 

��'  ,� �0��/� 6.11 ��)� �),-� ��  � 12!": 


 � ���')��+," PearsonICA * �� �1)0� �*� '�,% %�#)(,%� $-, ����" *�+# �� (2 ),%�1+#� �,% 

10 1 ��),%*�#3,%� &�,)# * ,� 12� 1)�/' ! * ,� 1*� 1)�/' $�/ -��,, ! /�� �)'*�1 1" ��#�1" 

'��" BPFO +1 �')%�, /��, !  , ��� ��'  � $-, ),%�1+#� $,%�1-1� /��,��/# /�� 1+&��031 �� 

+'�, �1%/'" Gaussian �')%�,"), $��(�)031�  � *%�$%�*+��� *!+� �, * � �)(�/# ����0� *!+� �, 

���# $1� /� �&�)�1� *1 /�+0� �1)0� �*� �� 1� ,�0*1� /��  �" �� 0* ,�(1" ����", $���$! $1� 

+�,)10 �� �� �* ,�(!*1�  , $��(�)�*+��, *!+� +1  �� ���! &�,)#" ��'  �� ,�,0� �),�)(1 �� 
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!���	�� 6.12  

��, 1��*+� � $��(�)�*+,- ��� 2 local mode /� #  ,� ���')��+, Parra Temporal Predictability 

���������	 
	���� 7����	�	 ��� 

MIXTURED SIGNALS XC XD 
INFOMAX 
MODES = 2 

XC XD 
���(�)�*+'" 	�+# �� / �� ,��*+'" ���!" 

Simulation 

X1 X2 

U1 U2 �\� 

1st    H1A1 H2B1 H2B1 H1A1 O 

2nd    H1A1 H2B2 H2B2 H1A1 O 

3rd    H1A1 H2B2Md01SNR5 H2B2Md01SNR5 H1A1 O 

4th    H1A1 H1A2 H1A2 H1A1 O 

5th    H1A1 H1A2Md3 H1A2Md3 H1A1 O 

6th    H1A1 H1A2SNR20 H1A2SNR20 H1A1 O 

7th    H1A1 H1A2Md01SNR5 H1A2Md01SNR5 H1A1 O 

8th    H1A1 WHITENOISE WHITENOISE H1A1 O 

9th     H1A2 H2B1 H1A2 H2B1 O 

10th   H1A2 H2B2 H2B2 H1A2 O 

11th   H1A2 H2B2Md01SNR5 H2B2Md01SNR5 H1A2 O 

12th   H1A2 WHITENOISE H1A2 WHITENOISE O 

13th H1A1SNR10 H1A2 H1A2 H1A1SNR10 O 

14th H1A1SNR10 H1A2SNR5 H1A2SNR5 H1A1SNR10 O 

15th H1A1SNR10 H1A2Md01SNR5 H1A2Md01SNR5 H1A1SNR10 O 

16th H1A1SNR10 H2B1 H2B1 H1A1SNR10 O 

17th H1A1SNR10 H2B2Md01SNR5 H2B2Md01SNR5 H1A1SNR10 O 

18th H1A1SNR10 WHITENOISE WHITENOISE H1A1SNR10 O 

19th H2B1 H2B2 H2B2 H2B1 O 

20th H2B1 H2B2Md01SNR5 H2B2Md01SNR5 H2B1 O 

21st H2B1 WHITENOISE WHITENOISE H2B1 O 

22nd H1A2Md3 H2B2 H2B2 H1A2Md3 O 

23rd H1A2Md01SNR5 H2B2Md01SNR5 H2B2Md01SNR5 H1A2Md01SNR5 O 

24th H1A1SLIP1 H2B1SLIP1 H2B1SLIP1 H1A1SLIP1 O 

25th H1A1SLIP1 H2B2SLIP5 H2B2SLIP5 H1A1SLIP1 O 

26th H1A1SLIP1 H1A2SLIP5 H1A2SLIP5 H1A1SLIP1 O 

27th H1A2SLIP5 H2B2SLIP5 H2B2SLIP5 H1A2SLIP5 O 

28th H1A2SLIP5 H2B1SLIP1 H1A2SLIP5 H2B1SLIP1 O 

29th H2B1SLIP1 H2B2SLIP1 H2B2SLIP1 H2B1SLIP1 O 

30th H2B1SLIP5 H2B2SLIP1 H2B2SLIP1 H2B1SLIP5 O 

31st H1A2SLIP5 WHITENOISE H1A2SLIP5 WHITENOISE O 

32nd H2B1SLIP1 WHITENOISE WHITENOISE H2B1SLIP1 O 

 

��'  ,� �0��/� 6.12 ��)� �),-� ��  � 12!": 


 	1 '�1"  �" �1)�� .*1�" , ���')��+," Parra Temporal Predictability �/��1 #) �, $��(�)�*+'  �� 

*%�$%�*+���� *�+# �� * � �)(�/# ����0� *!+� �, ���# $1� /� #&1)1 �� 1� ,�0*1�  �" ����". 

��12�) ! �"  �� 1�����!41�� �,% 1/ 1��* �/1 , ���')��+," ���  �� /��1+0� ��'  �" 

�),*,+,�.*1�",  � ��, 1��*+� � ! �� /#�1 &,)#  � 0$��. 
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 �% ' �,% ��)� �)!��/1 '*,� �&,)#  �" ��*1�" 1+&#��*�"  �� $��(�)�*+���� *�+# ��, * �� 

�). � ��*� (U1) 1+&��031 ��  , $��(�)�*+��, *!+� �,% �(1�  � +1���- 1)� *1  �+! 

�$�,*%(�' � �, ! 1+&��031�  �� %4��' 1)�  �+!  �" kurtosis. 

 

�/,�,%�,-� *(!+� � ��� ��� 31-�," �),*,+,��+���� *�+# ��,  , �). , 1/  �� ,�,0�� �&,)# 

&�,)# * ,� 12� 1)�/' $�/ -��, �,% �),�)(1 �� ��' ��*&��),  )���� �,% 1$)#31 �� * � ��*� A * �" 

shape functions (*!+� H1A1) /��  , $1- 1), �&,)# &�,)# * ,� 1*� 1)�/' $�/ -��, �,% �),�)(1 �� 

��' ��*&��),  )���� �,% 1$)#31 �� * � ��*� B * �" shape functions (*!+� �2
1). �� 

(�)�/ �)�* �/#  �� *�+# �� ��),%*�#3,� �� * ,%" �0��/1" 6.2 /�� 6.3. 

�� *(!+� � 6.14 /�� 6.15 �,% �/,�,%�,-�, ��1�/,�03,%�  �" /%+� ,+,)&�"  �� �)(�/.� ����0�� 

*�+# �� /��  �" /%+� ,+,)&�"  �� *%�$%�*+���� *�+# �� '��" �),/-� ,%� ��'  �� /� ��)�&! 

 �� ��*�� !)��, /��  � *(!+� � 6.16 /�� 6.17  � �� 0* ,�(� &#*+� �. 

�0��� �),&���" ' � $1 �0�1 �� ��#�%*�  �� /%+� ,+,)&.� !  �� &�*+# �� ��� 1-)1*� 

�1)�,$�/, ! ��, �&,-  � (�)�/ �)�* �/#  �� *�+# �� �,% ()�*�+,�,�,-� �� 10��� ���* #. 

 

 
 �
�� 6.14 �%+� ,+,)&�"  �� �)(�/.� ����0�� *�+# ��. a) BPFO signal, b) BPFI signal 

 

 

(a) 

(b) 
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 �
�� 6.15 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# �� '��" /� ��)#&,� �� ��'  ,%" ��*�� !)1"  a) * � 
��*� C, b) * � ��*� D 

 

:��" &�0�1 �� ��'  � �)(�/# ����0� *!+� �  ,% *(!+� ," 6.14 � *1�)# &') �*�"  �� *�+# �� �(1� 

�" 12!": 	 �� �). � ��*� &,) .�1 ��  , *!+� �,% *(1 031 �� +1  � &�,)# * ,� 12� 1)�/' $�/ -��,, 

/�� * � $1- 1)� ��*� &,) .�1 ��  , *!+� �,% *(1 031 �� +1  � &�,)# * ,� 1*� 1)�/' $�/ -��,. 

:��" &�0�1 �� ��'  � *%�$%�*+��� *!+� �  ,% *(!+� ," 6.15, * , *!+� �,% �),�)(1 �� ��'  ,� 

��*�� !)�  �" ��*�" C, %�1)�*(-1� � *%(�' � � BPFO, 1�. * , *!+� �,% �),�)(1 �� ��'  ,� 

��*�� !)�  �" ��*�" D, %�1)�*(-1� � *%(�' � � BPFI. 

 

 

 �
�� 6.16 �� &#*+� �  �� �)(�/.� ����0�� *�+# ��. a)  , &#*+�  ,% *!+� ," H1A1 -> BPFO, b)  , 
&#*+�  ,% *!+� ," H2B1 -> BPFI 

(a) 

(b) 

(a) 

(b) 
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 �
�� 6.17 �� &#*+� �  �� *%�$%�*+���� *�+# �� '��" /� ��)#&,� �� ��'  ,%" ��*�� !)1" a) * � ��*� C, 
b) * � ��*� D 

 

�/,�,%�,-� *(!+� � +1  � ��, 1��*+� � $��(�)�*+,-  �� �),���&1)��� �� *�+# ��, ��'  ,� 

���')��+, Infomax /�� ��'  ,%" %�'�,��,%"  )1�" ���')��+,%". 

 

 

 �
�� 6.18 �%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

(a) 

(b) 

(a) 

(b) 
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 �
�� 6.19 7#*+� �  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 

:��" &�0�1 �� ��'  � *(!+� � 6.18 /�� 6.19, , ���')��+," Infomax $��(�)031� �,�- /��#  � 

*%�$%�*+��� *!+� �, * � �)(�/# *!+� � (* �� �)��+� �/' � � 10��� scaled 1/$,(�"  �� �)(�/.� 

����0�� *�+# ��).  

�/ '" �% ,-, &�0�1 �� ' � , ���')��+," Infomax +�,)10 �� 1� ,�0*1� /��  �� ���! ��'  �� ,�,0� 

�),�)(1 ��  , /����� ��'  � $��(�)�*+��� *!+� �, �&,- � *1�)# +1  �� ,�,0� 1+&��03,� ��  � 

$��(�)�*+��� *!+� � /� #  ,� Infomax, *%+&��,-� +1  � *1�)# &') �*�"  �� �)(�/.� ����0�� 

*�+# ��. �% ! � ��)� !)�*� �0�1 �� �� ���� ! �� *%�/)��,-� ,� /%+� ,+,)&�"  �� �)(�/.� 

����0�� *�+# ��  ,% *(!+� ," 6.14 +1  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� # 

Infomax  ,% *(!+� ," 6.18. �)#�+� � ��'  � *-�/)�*� &�0�1 �� ' � �(1� �0�1� /��'" $��(�)�*+'", 

/�� � *1�)# 1+&#��*�"  �� $��(�)�*+���� *�+# �� *%+&��10 +1  � *1�)# &') �*�"  �� �)(�/.� 

����0�� *�+# ��. 

�/,�,%�,-�  � *(!+� � 6.20 /�� 6.21 +1  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /��  � 

�� 0* ,�(� &#*+� � *-+&��� +1  ,� $��(�)�*+' �,% �)��+� ,�,�,-� ,� ���')��+,� ICA Fixed 

Point, PearsonICA /�� Parra Temporal Predictability. �$. *�+1�.�1 �� ' �, ��),%*�#31 �� +'�, ��� 

*(!+� +1  �" /%+� ,+,)&�" /��  � &#*+� �  �� $��(�)�*+���� *�+# �� ��'  ,%" 3 ���')��+,%", 

��� 0 /�� ,� 3 �$�*�� ��)'+,�� ��, 1��*+� � $��(�)�*+,-, +1  �" /%+� ,+,)&�" /��  � &#*+� � 

 �� $��(�)�*+���� *�+# �� �� 10��� *(1$'� ���,+,�' %��. 

 

 

(a) 

(b) 
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 �
�� 6.20 �%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� #  ,%" ���')��+,%" ICA Fixed Point, PearsonICA, 
Parra Temporal Predictability 

 

 

 �
�� 6.21 7#*+� �  �� $��(�)�*+���� *�+# �� /� #  ,%" ���')��+,%" ICA Fixed Point, PearsonICA, Parra 
Temporal Predictability 

 

 

:��" &�0�1 �� ��'  � *(!+� � 6.20 /�� 6.21, ,� ���')��+,� ICA Fixed Point, PearsonICA /�� Parra 

Temporal Predictability, $��(�)03,%� �,�- /��#  � *%�$%�*+��� *!+� � * � �)(�/# *!+� � (*1 

scaled 1/$,(�"  �� �)(�/.� ����0�� *�+# ��). 

(a) 

(b) 

(a) 

(b) 
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���&,)�/# +1  ,� 1� ,��*+'  �� ���.�, &�0�1 ��  '*, ��'  �" /%+� ,+,)&�" '*, /�� ��'  � 

&#*+� �  �� $��(�)�*+���� *�+# �� (*(!+� � 6.20 /�� 6.21) ' � ,� ���')��+,� ICA Fixed Point, 

PearsonICA /�� Parra Temporal Predictability, $1� +�,),-� �� 1� ,�0*,%�  �� ���! ��'  �� ,�,0� 

�),�)(1 ��  , /����� ��'  � $-, $��(�)�*+��� *!+� �. �% ' &�0�1 �� 12#��,% �� *%�/)��,-� ,� 

/%+� ,+,)&�"  �� �)(�/.� ����0�� *�+# ��  ,% *(!+� ," 6.14 +1  �" /%+� ,+,)&�"  �� 

$��(�)�*+���� *�+# ��  ,% *(!+� ," 6.20, &�0�1 �� ' � , $��(�)�*+'" 10��� /��'", ���#  � 

$��(�)�*+��� *!+� �, 1+&��03,� �� ��#�,$� *1�)# *1 *(�*� +1  � *1�)# +1  �� ,�,0� 10(�� 

&,) ��10  � �)(�/# ����0� *!+� �. 

 

 

6.4 +���������� ��� ��� ����� ��� ���������� ��� ‘	���
’ 	�� ��� ���������	�� 

‘����	��’ ������������� 

 

	1 �% !  �� 1�' � � ��),%*�#3,� ��  � ��, 1��*+� �  �� ���,)0�+�� $��(�)�*+,- ���  � 

%�,�,��* �/# �),*,+,��+��� *!+� �, * �� �1)0� �*� '�,% %�#)(,%� $-, ����" ��#��", ,� ,�,01" 

$�1�10),%� +0� global �$�,*%(�' � �. 

��, *%�/1/)�+��� � 1�' � � 6.4 �(1� $��)�)��10 �" 12!": �)(�/# ��),%*�#3,� ��  � �,*, �/# 

��, 1��*+� �  �� ���')��+�� $��(�)�*+,-, ��� /#�,�1" 1�$1�/ �/�" �1)�� .*1�" ��#��", ��� 4 

$��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)�� ($���$!  �� *�+10�� C /�� D). 	 � *%��(1�� $0�,� �� 

,)�*+��� *(!+� �, �,% ��),%*�#3,%�  � �,�, �/# ��, 1��*+� � $��(�)�*+,- ���  �"  �**1)�" 

$��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��, ���  ,� ���')��+, Infomax. :�1" ,� %�'�,��1" 

*(�+� �/�" �����)�* #*1�" (/%+� ,+,)&�", &#*+� �, /��), ,� ()�*�+,�,�,-+1�,� ���')��+,�,  � 

�),*,+,��+��� *!+� � /��, 10��� $����*�+� ��� �1)�� �)� 1�121)��*0�. 

	 �� �1)0� �*� '�,% $�1�10)1 �� +0� global �$�,*%(�' � � ��'  �" 2 ����",  ��,$1�/�-1 �� ' � � ��*� 

 �� *�+10�� C /�� D ('�,% �(,%�  ,�,�1 ��10 ,� ��*�� !)1") �#�� * �" shape functions, �(1� 

�)� �)(�/' )'�,. �� ���')��+,� $0�,%� ��� /#�1 $��&,)1 �/!  ,�,�� �*�  �� C /�� D $��&,)1 �/# 

��, 1��*+� � $��(�)�*+,-, /�� *1 ,)�*+��1" �1)�� .*1�" $1� /� �&�)�,%� �� $��(�)0*,%� /��'�,% 

 � *%�$%�*+��� *!+� �. ��� �% '  , �'�,, �� 121 �* ,-�  , �." $��(�)03,� ��  � *!+� �, ���  )1�" 

$��&,)1 �/�"  ,�,�1 !*1�"  �� *�+10�� C /�� D. 

���  � +1�� � �% ! �� �0�1� ()!*�  �� �/'�,%��� �),*,+,��+���� *�+# ��, '��" ��),%*�#3,� �� 

* ,� �0��/� 6.5. 

 


 �, ),%�1+#� �,% 1$)#31 �� * � ��*� A, &�)1� ��#�� * ,� 12� 1)�/' $�/ -��, BPFO=45Hz +1 

fn1=1550Hz, /�� $�1�10)1� +0� Global �$�,*%(�' � � fn2=800Hz, �,% &�)1�  � (�)�/ �)�* �/# 

 �" ��#��" BPFO. 


 �, ),%�1+#� �,% 1$)#31 �� * � ��*� B, &�)1� ��#�� * ,� 1*� 1)�/' $�/ -��, BPFI=165Hz +1 

fn1=2500Hz, /�� $�1�10)1� +0� Global �$�,*%(�' � � fn2=800Hz, �,% &�)1�  � (�)�/ �)�* �/# 

 �" ��#��" BPFI. 
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� +1�� � �,% �� �)��+� ,�,���10 �� �1)���+�#�1�  � �/'�,%�� * #$��: 

��� �� +�,)�*1� �� �0�1� *-�/)�*�  �� ��, 1�1*+# �� $��(�)�*+,-, ��� /#�1 +0� ��'  �" 

$��&,)1 �/�" �1)�� .*1�"  ,�,�� �*�"  �� C /�� D, �� �0�1� ()!*�  ��  �+.�  �" kurtosis  �� 

�/,�,-���: 


 kurtosisA -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� A, (�)0" 

 ,%" Fi 


 kurtosisB -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� B, (�)0" 

 ,%" Fi 


 kurtosisA_CD -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� A 

���  � *�+10� C /�� D 


 kurtosisB_CD -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� B 

���  � *�+10� C /�� D 


 kurtosisDA -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� A 

-* 1)� ��' ��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! A ($���$! �(,%� 

�&��)1�10 '�1" ,� �$�,*%(�' � 1"), (�)0"  ,%" *%� 1�1* �" Fi  �� shape functions 


 kurtosisDB -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� B 

-* 1)� ��' ��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! B ($���$! �(,%� 

�&��)1�10 '�1" ,� �$�,*%(�' � 1"), (�)0"  ,%" *%� 1�1* �" Fi  �� shape functions 


 kurtosisDA_CD -> �  �+!  �" /-) �*�" ��'  �� ���! A (local + global) -* 1)� ��' 

��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! A ($���$! �(,%� �&��)1�10 '�1" ,� 

�$�,*%(�' � 1"), ��� /#�1  ,�,�� �*�  �� *�+10�� C /�� D 


 kurtosisDB_CD -> �  �+!  �" /-) �*�" ��'  �� ���! B (local + global) -* 1)� ��' 

��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! B ($���$! �(,%� �&��)1�10 '�1" ,� 

�$�,*%(�' � 1"), ��� /#�1  ,�,�� �*�  �� *�+10�� C /�� D 


 ����'��" �� ()�*�+,�,���10 ! '(� ��,$��+')&�*�  �� *�+# ��, �� �0�1 �� *-�/)�*�  ��  �+.�  

/-) �*�", kurtosisDA_CD, kurtosisD
_CD (�� �0�1 �� ��,$��+')&�*�) /��  �� kurtosis�_CD 

kurtosis
_CD (�� $1� �0�1 �� ��,$��+')&�*�) +1  �" �� 0* ,�(1"  �+�" /-) �*�"  �� 

$��(�)�*+���� *�+# ��. 

 

�)��  �� ��),%*0�*�  �� ��, 1�1*+# �� $��(�)�*+,-, �)��1� �� *�+1���10 10���  , 12!": 	 ,%" 

�0��/1" 6.13 ��" /�� 6.16, '�,% ��),%*�#3,� ��  � ��, 1��*+� � $��(�)�*+,- ���  �"  �**1)�" 

$��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��, ,�  �+�" /-) �*�"  �� $��(�)�*+���� *�+# �� 

��),%*�#3,� �� ��� '�,%"  ,%" ���')��+,%" +1 +0� *%�/1/)�+��� *1�)#, '�,% * � ��*� A 

1+&��031 �� �  �+!  �" kurtosis  ,% ��*&��),%  )���� �,% 1$)#31 �� * � ��*� A /�� �(1� &�,)# * ,� 

12� 1)�/', 1�. * � ��*� B, 1+&��031 �� �  �+!  �" /-) �*�"  ,% ��*&��),%  )���� �,% 1$)#31 �� 

* � ��*� B /�� �(1� &�,)# * ,� 1*� 1)�/' $�/ -��,. 

� �'�," �,% �0�1 �� �% ', ,&10�1 �� * �"  �+�"  �" /-) �*�" �,% 10��� ��, “+�1)$1+��1"” * �� 

�1)0� �*� �,% $�1�10)1 �� +0� global �$�,*%(�' � � ��'  �" $-, ����", *1 *(�*� +1  �"  �+�"  �" 
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/-) �*�" * �� �1)0� �*� �,% %�#)(,%� ����" �,% $�1�10),%� +'�, local �$�,*%(�' � 1", '�,% 1/10 

 � �)#�+� � 10��� ��, 21/#��)�. 

��)'�� �% #, �)��1� 1�0*�" �� *�+1���10 ' � ��'  ,%"  �**1)�" ���')��+,%" $��(�)�*+,-, ���� , 

Infomax 10��� *1 ��*� �� 1� ,�031� /��  �� ���! ��'  �� ,�,0� �),�)(1 ��  , /#�1 $��(�)�*+��, 

*!+�, * �� �1)0� �*� ������ �,% +�,)10 �� �)��+� ,�,���10 /��'" $��(�)�*+'". 

 

 

6.4.1 "�����
 ������ ������� C 	�� D 

 

 

 

 �
�� 6.22 1�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C /�� D (2 local modes & 1 global frequency) 

  

�� *%� 1�1* �" Fi ���  � *�+10� C /�� D, '��" �),/-� ,%� ��'  �� 1�  ,�,�� �*�  ,%" * �" shape 

functions 10��� ,� 12!": 

F1A=1, F1B=0, F1C=0.9, F1D=0.1 

F2A=0, F2B=1, F2C=0.1, F2D=0.9 

F3A=1. F3B=1. F3C=0.64 F3D=0.64 

�/,�,%�,-� ���  �� /#�1 �1)0� �*�  �" �),*,+,��+���" ��#��", ,� �� 0* ,�(1"  �+�"  �" /-) �*�" 

�,% �),/-� ,%� ��'  ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% ()�*�+,�,�!��/��. 

 

	�+1�.�,� �� ,� �/'�,%�1" �1)�� .*1�" $��(�)�*+,-: 

1. ��)0" (),��/' ��)#�%),, ��)0" ��,$��+')&�*�: 	-�/)�*�  �� kurtosisA_CD /�� 

kurtosis�_CD 

2. �1 (),��/' ��)#�%),, ��)0" ��,$��+')&�*� 

3. �1 (),��/' ��)#�%),, �1 ��,$��+')&�*� 
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4. ��)0" (),��/' ��)#�%),, �1 ��,$��+')&�*�: 	-�/)�*�  �� kurtosisDA_CD /�� 

kurtosisDB_CD 

 

 

!���	�� 6.13  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 1�  ,�,�� �*�  �� ��*�� !)�� (2 local modes & 1 global 
frequency) 

�1)0� �*� 
���(�)�*+,- 

��+�"  �" /-) �*�" �,% 
*%�/)0�,� �� +1  �" 

�� 0* ,�(1"  �� U1 , U2 

�/ �+!*1�"  �� 
$��(�)�*+���� 
*�+# �� ��# 

���! 

Infomax 
kurtosis 

of 
U1 U2 

ICA Fixed 
Point kurtosis 

of U1 U2 

PearsonICA 
kurtosis of 

U1 U2 

Parra Temporal 
Predictability 

kurtosis of 
U1 U2 

        

kurtosisA 11.7517 

kurtosisA_CD 10.3212 
A 7.0417 4.0636 7.1459 9.9940 

kurtosisB 10.0233 
1 

kurtosisB_CD 7.9167 
B 12.2867 9.3189 12.2158 4.1079 

  A 15.8125 16.2521 15.8996 9.3316 
2 

  B 26.4709 25.7021 26.2309 21.3354 

  A 15.2460 15.4796 15.1171* 5.9941** 
3 

  B 22.2572 20.4069 22.0137* 14.5361** 

kurtosisDA 5.7913 

kurtosisDA_CD 5.0223 

A 6.2089 5.7824 6.2676 2.2400** 

kurtosisDB 7.1182 

4 

kurtosisDB_CD 6.0910 
B 9.9589 10.0932 9.7959 6.0994** 

 

*,� (),��/�" /%+� ,+,)&�"  �� *�+# �� 1+&��03,� �� �),"  � /# �.  

** ,� (),��/�" /%+� ,+,)&�" 1+&��03,� �� �),"  � �#�� �),"  � /# �. 	 , U1 $1� +�')1*1 �� 

�)��+� ,�,���10 � ��,$��+')&�*� – $1� �)��+� ,�,�!��/1 *�* # � ��,$��+')&�*�. 

 

:��" &�0�1 �� /�� ��'  �"  �+�"  �" /-) �*�"  �� ���')��+�� $��(�)�*+,-,  � ��, 1��*+� � $1� 

10��� /��#, /�� +#��* � ���  � *%�/1/)�+���  ,�,�� �*�  �� *�+10�� C /�� D (1� �1)0� �*� 

1���,�!" ��*�"), ,� ���')��+,� $1� /� �&�)�,%� �� $��(�)0*,%�  � *%�$%�*+��� *!+� � * � �)(�/# 

����0� *!+� �. �#��* �, �� *�+1���10 ' � /� #  �" �),*,+,�.*1�", ��)� �)!��/1 ' � � 1/ 0+�*� 

���  �� $��(�)�*+��� ���! A, �1)���+�#�1� +�),"  ,% *!+� ,"  �"  ���!" B /��  , �� 0* ),&,. 
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 �
�� 6.23 2�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C /�� D (2 local modes & 1 global frequency) 

 

 

�� *%� 1�1* �" Fi ���  � *�+10� C /�� D, '��" �),/-� ,%� ��'  �� 2�  ,�,�� �*�  ,%" * �" shape 

functions 10��� ,� 12!": 

F1A=1, F1B=0, F1>=0.8, F1D=0.2 

F2A=0, F2B=1, F2C=0.2, F2D=0.8 

F3A=1. F3B=1. F3C=0.36 F3D=0.36 

�/,�,%�,-� ���  �� /#�1 �1)0� �*�  �" �),*,+,��+���" ��#��", ,� �� 0* ,�(1"  �+�"  �" /-) �*�" 

�,% �),/-� ,%� ��'  ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% ()�*�+,�,�!��/�� 

 

!���	�� 6.14  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 2�  ,�,�� �*�  �� ��*�� !)�� (2 local modes & 1 global 
frequency) 

�1)0� �*� 
���(�)�*+,- 

��+�"  �" /-) �*�" �,% 
*%�/)0�,� �� +1  �" 

�� 0* ,�(1"  �� U1 , U2 

�/ �+!*1�"  �� 
$��(�)�*+���� 
*�+# �� ��# 

���! 

Infomax 
kurtosis 

of 
U1 U2 

ICA Fixed 
Point kurtosis 

of U1 U2 

PearsonICA 
kurtosis of 

U1 U2 

Parra Temporal 
Predictability 

kurtosis of 
U1 U2 

        

kurtosisA 11.7517 

kurtosisA_CD 12.3874 
A 8.0390 5.9165 8.0581 5.9472 

kurtosisB 10.0233 
1 

kurtosisB_CD 13.3857 
B 15.7980 12.2411 15.7735 12.3487 



 126 

  A 17.9704 17.5801 18.0057 13.0658 
2 

  B 33.1000 28.0933 33.0279 26.0283 

  A 17.5320 16.9003 17.5165 10.3718* 
3 

  B 24.8965 25.2020 24.8397 20.0588* 

kurtosisDA 5.7913 

kurtosisDA_CD 6.7275 

A 7.3277 7.1294 7.3602 4.2447** 

kurtosisDB 7.1182 

4 

kurtosisDB_CD 8.6465 
B 11.4560 11.4878 11.1978 7.9889** 

 

 

*,� (),��/�" /%+� ,+,)&�" 1+&��03,� �� �),"  � /# � ! /�� �),"  �" $-, /� 1%�-�*1�" – $1� 

�)��+� ,�,�!��/1 *�* # � ��,$��+')&�*�. 

** ,� (),��/�" /%+� ,+,)&�" 1+&��03,� �� �),"  � �#�� �),"  � /# � – $1� �)��+� ,�,�!��/1 

*�* # � ��,$��+')&�*�. 

 

:��" &�0�1 �� /�� ��'  �"  �+�"  �" /-) �*�"  �� ���')��+�� $��(�)�*+,-,  � ��, 1��*+� � /�� 

���  � 2� �1)0� �*� 1���,�!" ��*�"  �� *�+10�� C /�� D $1� 10��� /��#. O� ���')��+,� $1� 

/� �&�)�,%� �� $��(�)0*,%�  � *%�$%�*+��� *!+� � * � �)(�/# ����0� *!+� �. �#��* �, �� 

*�+1���10 ' � /� #  �" �),*,+,�.*1�", ��)� �)!��/1 ' � � 1/ 0+�*� ���  �� $��(�)�*+��� ���! A, 

�1)���+�#�1� +�),"  ,% *!+� ,"  �"  ���!" B /��  , �� 0* ),&,. 

 

 

 

 �
�� 6.24 3�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C /�� D (2 local modes & 1 global frequency) 
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�� *%� 1�1* �" Fi ���  � *�+10� C /�� D, '��" �),/-� ,%� ��'  �� 3�  ,�,�� �*�  ,%" * �" shape 

functions 10��� ,� 12!": 

F1A=1, F1B=0, F1C=0.7, F1D=0.3 

F2A=0, F2B=1, F2C=0.3, F2D=0.7 

F3A=1. F3B=1. F3C=0.16 F3D=0.16 

�/,�,%�,-� ��� /#�1  �� �1)0� �*�  �" �),*,+,��+���" ��#��", ,� �� 0* ,�(1"  �+�"  �" kurtosis 

�,% �),/-� ,%� ��'  ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% ()�*�+,�,�!��/��. 

 

!���	�� 6.15  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 3�  ,�,�� �*�  �� ��*�� !)�� (2 local modes & 1 global 
frequency) 

�1)0� �*� 
���(�)�*+,- 

��+�"  �" /-) �*�" �,% 
*%�/)0�,� �� +1  �" 

�� 0* ,�(1"  �� U1 , U2 

�/ �+!*1�"  �� 
$��(�)�*+���� 
*�+# �� ��# 

���! 

Infomax 
kurtosis 

of 
U1 U2 

ICA Fixed 
Point kurtosis 

of U1 U2 

PearsonICA 
kurtosis of 

U1 U2 

Parra Temporal 
Predictability 

kurtosis of 
U1 U2 

        

kurtosisA 11.7517 

kurtosisA_CD 11.6925 
A 9.6343 9.4417 9.6294 8.9861 

kurtosisB 10.0233 
1 

kurtosisB_CD 19.3012 
B 19.3467 19.1600 19.3359 18.3763 

  A 21.6702 21.1944 21.7257 20.2221 
2 

  B 39.9250 39.4272 39.9503 37.8426 

  A 15.2086 15.1999 15.2201 9.6514* 
3 

  B 22.2451 22.2576 22.2160 9.2213* 

kurtosisDA 5.7913 

kurtosisDA_CD 6.9414 

A 6.0093 6.0094 5.9007 3.7370** 

kurtosisDB 7.1182 

4 

kurtosisDB_CD 9.5971 
B 9.8335 9.8377 9.6283 3.7505** 

 

*,� (),��/�" /%+� ,+,)&�" 1+&��03,� �� �),"  � /# � ! /�� �),"  �" $-, /� 1%�-�*1�" – $1� 

�)��+� ,�,�!��/1 *�* # � ��,$��+')&�*�. 

** ,� (),��/�" /%+� ,+,)&�" 1+&��03,� �� �),"  � �#�� �),"  � /# � – $1� �)��+� ,�,�!��/1 

*�* # � ��,$��+')&�*�. 

  

:��" &�0�1 �� /�� ��'  �"  �+�"  �" kurtosis  �� ���')��+�� $��(�)�*+,-,  � ��, 1��*+� � /�� ��� 

 � 3� �1)0� �*� 1���,�!" ��*�"  �� *�+10�� C /�� D 10��� �,�- /��#. O� ���')��+,� /� #&1)�� �� 

$��(�)0*,%�  � *%�$%�*+��� *!+� � * � �)(�/# ����0� *!+� �. ��)'�� �% #, �)��1� �� *�+1���10 

' � /� #  �" �),*,+,�.*1�", ��)� �)!��/1 ��� �,�- +�/)' +�),"  ,% *!+� ," ��'  � +0� ���!, �� 

�(1� �1)#*1� * �� 1/ 0+�*� $��(�)�*+,-  �" #���" ���!". 
����� ! ��  '*, +�/)', �,% +�,)10 �� 

�1�)��10 �+1�� �,. 
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 �
�� 6.25 4�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C /�� D (2 local modes & 1 global frequency) 

 

�� *%� 1�1* �" Fi ���  � *�+10� C /�� D, '��" �),/-� ,%� ��'  �� 4�  ,�,�� �*�  ,%" * �" shape 

functions 10��� ,� 12!": 

F1A=1, F1B=0, F1C=0.6, F1D=0.4 

F2A=0, F2B=1, F2C=0.4, F2D=0.6 

F3A=1. F3B=1. F3C=0.04 F3D=0.04 

�/,�,%�,-� ��� /#�1  �� �1)0� �*�  �" �),*,+,��+���" ��#��", ,� �� 0* ,�(1"  �+�"  �" kurtosis 

�,% �),/-� ,%� ��'  ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% ()�*�+,�,�!��/��. 

 

 

!���	�� 6.16 ��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 4�  ,�,�� �*�  �� ��*�� !)�� (2 local modes 
& 1 global frequency) 

�1)0� �*� 
���(�)�*+,- 

��+�"  �" /-) �*�" �,% 
*%�/)0�,� �� +1  �" 

�� 0* ,�(1"  �� U1 , U2 

�/ �+!*1�"  �� 
$��(�)�*+���� 
*�+# �� ��# 

���! 

Infomax 
kurtosis 

of 
U1 U2 

ICA Fixed 
Point kurtosis 

of U1 U2 

PearsonICA 
kurtosis of 

U1 U2 

Parra Temporal 
Predictability 

kurtosis of 
U1 U2 

        

kurtosisA 11.7517 

kurtosisA_CD 9.5401 
A 9.8664 9.5915 9.8766 9.8617 

kurtosisB 10.0233 
1 

kurtosisB_CD 20.9884 
B 20.7154 20.4588 20.7001 20.7156 

  A 22.3406 22.3001 22.3330 22.3037 
2 

  B 42.0151 41.6661 42.0071 42.0262 
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  A 14.6870 14.6815 14.6878 10.7621* 
3 

  B 22.2607 22.2663 22.2516 12.3952* 

kurtosisDA 5.7913 

kurtosisDA_CD 5.7386 

A 5.6287 5.6197 5.4321 3.3607** 

kurtosisDB 7.1182 
4 

kurtosisDB_CD 9.4439 
B 9.9073 9.9087 9.7165 3.0995** 

 

*,� (),��/�" /%+� ,+,)&�" 1+&��03,� �� �),"  � /# � – $1� �)��+� ,�,�!��/1 *�* # � 

��,$��+')&�*�. 

** ,� (),��/�" /%+� ,+,)&�" 1+&��03,� �� �),"  � �#�� �),"  � /# � – $1� �)��+� ,�,�!��/1 

*�* # � ��,$��+')&�*�. 

 

�� #  �� 4�  �1)0� �*� 1���,�!" ��*�"  �� *�+10�� C /�� D,  � ��, 1��*+� � $��(�)�*+,- 10��� 

�/'+� /��- 1)�. :��" &�0�1 �� /�� ��'  �"  �+�" /-) �*�"  �� $��(�)�*+���� *�+# ��, 

�)0*/,� �� �,�- /,� # +1  �" �� 0* ,�(1"  �+�" /-) �*�"  �� �)(�/.� ����0�� *�+# ��. �% ' 

&#��/1 /�� �,�, �/# ��'  �" �),*,+,�.*1�", '�,%  � *%�$%�*+��� *!+� � $��(�)0* �/�� /��,��/# 

/�� 10��� *1 *%+&��0� +1  � �)(�/# ����0� *!+� �. ��)'�� �% #, �)��1� �� *�+1���10 ' � +'�, , 

���')��+," Infomax 10��� *1 ��*� �� 1� ,�031� /��  � ���!  ,% /��1�'" ��'  � $��(�)�*+��� 

*!+� �. 

�0� *�+�� �/! ��)� !)�*�, �&,)#  �"  �+�" /-) �*�" �,% ()�*�+,�,�,-� �� ���  � *-�/)�*�. �'�� 

 ,% ' � ,� ���')��+,� $��(�)�*+,- $1� ���)03,%� /��'�,%  � �)(�/# ����0� *!+� �, ���# 

��+�#�,%� �" 10*,$, *%�$%�*+,-" *�+# �� ,'��" �% # �(,%� ��)� �)��10 ��'  �" ��*1�"  �� 

*�+10�� C /�� D ('�,% 1$)#3,� �� ,� ��*�� !)1") /�� �'��  ,% ' � * �� �2,$,  ,%" $0�,%� ��� scaled 

$��(�)�*+��, *!+�, � *-�/)�*�  ��  �+.� /-) �*�"  �� ���,)0�+�� $��(�)�*+,- �)��+� ,�,�10 �� 

+1  �"  �+�"  �" /-) �*�" kurtosisA_CD, kurtosisB_CD (' �� $1� �0�1 �� ��,$��+')&�*�) /�� 

kurtosisDA_CD, kurtosisDB_CD (' �� �0�1 �� ��,$��+')&�*�), $���$!  �"  �+�" /-) �*�" 

�)(�/.� *�+# ��, '��" �(,%� ��)� �)��10 ��� /#�1 +0� ��'  �"  ,�,�1 !*1�"  �� *�+10�� C /�� D. 

 

�� *%�/)� �/,0 ��1�(,�  ��  �+.�  �" /-) �*�" ���  ,%" ���')��+,%" $��(�)�*+,- �(1� �" 12!": 


 ���  ,� ���')��+, Infomax, +�,)10 �� �)��+� ,�,���10 *-�/)�*�  ��  �+.�  �" /-) �*�" * �" 

�1)�� .*1�" 1 ((�)0" (),��/' ��)#�%), - (�)0" ��,$��+')&�*�) /�� 4 ((�)0" (),��/' ��)#�%), 

– +1 ��,$��+')&�*�). 


 ���  ,� ���')��+, ICA Fixed Point, +�,)10 �� �)��+� ,�,���10 *-�/)�*�  ��  �+.�  �" 

/-) �*�" * �" �1)�� .*1�" 1 ((�)0" (),��/' ��)#�%), - (�)0" ��,$��+')&�*�) /�� 4 ((�)0" 

(),��/' ��)#�%), – +1 ��,$��+')&�*�). 


 ���  ,� ���')��+, PearsonICA, +�,)10 �� �)��+� ,�,���10 *-�/)�*�  ��  �+.�  �" /-) �*�" 

* �" �1)�� .*1�" 1 ((�)0" (),��/' ��)#�%), - (�)0" ��,$��+')&�*�) /�� 4 ((�)0" (),��/' 

��)#�%), – +1 ��,$��+')&�*�). 
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 ���  ,� ���')��+, Parra Temporal Predictability +�,)10 �� �)��+� ,�,���10 *-�/)�*�  ��  �+.� 

 �" /-) �*�" +'�, ���  �� �1)0� �*� 1 ((�)0" (),��/' ��)#�%), - (�)0" ��,$��+')&�*�). 


 ���  �" �1)�� .*1�" 2 (+1 (),��/' ��)#�%), – (�)0" ��,$��+')&�*�) /�� 3 (+1 (),��/' 

��)#�%), – +1 ��,$��+')&�*�) $1� +�,)10 �� �)��+� ,�,���10 /#�,�� *-�/)�*� +1  � 

��, 1��*+� �  �� ���')��+��. �% ' ,&10�1 �� �). ,� * �� -��)2�  ,% (),��/,- ��)��-),% 

�,% +1 ��#��1� *�+�� �/#  �"  �+�"  �" /-) �*�", /�� $1- 1),� * , �1�,�'" ' � ���  � �)(�/# 

����0� *!+� �, $1� /� �* � $%�� ', �� �)��+� ,�,���10 �� 0* ,�(," %�,�,��*+'" ���  ��  �+! 

 �" /-) �*�". 


 � ���')��+," Infomax ()1�#* �/1 �� 1/ 1�1* 10 +'��" +0� &,)# ��� �� $.*1� ��, 1��*+� � 

 �+.� kurtosis �,% 10��� /,� # * �"  �+�" /-) �*�"  �� �)(�/.� *�+# �� /�� 1���),*�� �" 

+�,)10 �� 1� ,�031� /��  �" ����". 


 � ���')��+," ICA Fixed Point $���� 1�  )1�" 1���,��" �)��  ,� %�,�,��*+'  ,% demixing �0��/�. 

Select non-quadratic function G 

1:cosh, 2:exp, 3:power(kurt) 

value=  ... 

�$. 1�����1 �� /#�1 &,)# �  �+! �,% $0�1�  � /��- 1)� ��, 1��*+� � * �"  �+�"  �" kurtosis  �� 

$��(�)�*+���� *�+# �� *1 *(�*� +1  � �)(�/# ����0� *!+� �. :��" ��)� �)!��/1 ���  �" 

�1)�� .*1�" 1 /�� 2 ((�)0" ��)#�%), – (�)0" ��,$��+')&�*�, +1 ��)#�%), – (�)0" 

��,$��+')&�*�) ���')��+," ICA Fixed Point �$�*1 /��- 1)� ��, 1��*+� � ��� value=2, 1�. 

���  �" �1)�� .*1�" 3 /�� 4 (+1 ��)#�%), – +1 ��,$��+')&�*�, (�)0" ��)#�%), – +1 

��,$��+')&�*�), , ICA �$�*1 /��- 1)� ��, 1��*+� � ��� value=3. ���  �" �1)�� .*1�" 3 /�� 4, 

*1 �1)0� �*� �,%  1�10 value=1 ! 2,  ' 1 , ���')��+," $1� +�,)10 �� �)��+� ,�,�!*1�  �� 

��,$��+')&�*�. 


 � ���')��+," PearsonICA �),/1�+��,% �� $.*1�  � /��- 1)� $%�� # ��, 1��*+� �, ()1�#* �/1 

�� 1/ 1�1* 10 �)/1 �" &,)�" ��� /#�1 +0� ��'  �" 121 �3'+1�1" �1)�� .*1�" /��  ,�,�1 !*1�"  �� 

*�+10�� C /�� D. ��0*�", �)��1� �� *�+1���10 ' � *1 ,)�*+��1" �1)�� .*1�" /�� ��)#  , �1�,�'" 

' � ,�  �+�"  �" /-) �*�"  �� $��(�)�*+���� *�+# �� ! �� /,� # +1  �" �� 0* ,�(1"  �� 

����0�� *�+# ��, ,� /%+� ,+,)&�"  �� ��,$��+,)&�+���� $��(�)�*+���� *�+# ��, 

1+&��03,� �� +1  �" /,)%&�" �),"  � /# �. ��� �#��, +1 # ��' �)/1 �" 1�����!41�", 

1+&��03,� �� ,� /%+� ,+,)&�" +1  �" /,)%&�" �),"  � �#��. 


 � ���')��+," Parra Temporal Predictability ���  �" �1)�� .*1�" 3 /�� 4, $1� +�,)10 �� 

�)��+� ,�,�!*1� ��,$��+')&�*� /�� *%�1�." /�� $1� +�,)10 �� $��(�)0*1�  � *%�$%�*+��� 

*!+� � * � �)(�/# ����0� *!+� �. 

 

:��" &�0�1 �� /�� ��'  ,%" *%�/)� �/,-" �0��/1" 6.13 ��" 6.16  ��  �+.�  �" kurtosis +1 �2- 

$��(�)�*+���� /�� �)(�/.� ����0�� *�+# ��, ��)� �)10 �� ' � /�� ,� 4 ���')��+,� $��(�)�*+,- 

�$�*�� /��# ��, 1��*+� � ���  �� 3� /�� 4�  ,�,�� �*�  �� *�+10�� C /�� D * �" shape functions 

(�0��/1" 6.15 /�� 6.16), '�,% ,� ��*�� !)1" /� ��)�&!"  �� ����0�� *�+# ��, �(,%� ��,+�/)%��10 

��'  �" ����"  �� *�+# ��. �$��0 1)� /� #  �� 4�  ,�,�� �*�  �� *�+10�� C /�� D,  � 
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��, 1��*+� �  �� ���')��+�� *%�/�0�,%� *1 +1���- 1), ���+' +1  �"  �+�" kurtosis  �� �)(�/.� 

����0�� *�+# ��. 

��, ����% �/#, , ���')��+," Parra Temporal Predictability, '��" ���&�)��/1 �),��,%+���" 

+�')1*1 �� $��(�)0*1�  � *!+� � (�)0"  � ()!*� (),��/,- ��)��-),% /�� (�)0" ��,$��+')&�*� 

(�1)0� �*� 1) /�� *%�1�." $1� +�,)10 �� �1�)��10 �" , ���')��+," �,% $0�1�  � /��- 1)� 

��, 1��*+� �. 

��'  ,%" %�'�,��,%" 3 ���')��+,%", ,� ,�,0,� +�')1*�� �� $��(�)0*,%�  � *!+� � * �" �1)�� .*1�" 

1 ((�)0" (),��/' ��)#�%), - (�)0" ��,$��+')&�*�) /�� 4 ((�)0" (),��/' ��)#�%), – +1 

��,$��+')&�*�), 1+&��03,%� /�� ,� 3 ��)'+,�1"  �+�" /-) �*�". 

��)'�� �% #, &�0�1 �� ' � ,�  �+�" kurtosis �,% 12#�,� �� ��'  ,� ���')��+, Infomax �)0*/,� �� 

�0�, ��, “/,� #” * �" �� 0* ,�(1"  �+�" kurtosis  �� ����0�� *�+# ��. 

�2�� 0�"  �" �),��,-+1��" ��)� !)�*�", ���# /�� �'��  ,% ' � ,� #��,� $-, ���')��+,� (ICA /�� 

PearsonICA) ��)1�1 �� 1/ 1�1* ,-� �1)�**' 1)1" ��' +0� &,)�" �),/1�+��,% �� �1 -(,%� *-�/��*� 

* �"  �+�"  �" /-) �*�", +�,)10 �� 12�(�10  , *%+��)�*+� ' � , ���')��+," Infomax, 10��� , 

/� �����' 1)," ���  , $��(�)�*+' *�+# �� ��' $-, ����", ,� ,�,01" $�1�10),%� +0� global 

�$�,*%(�' � �. 

�/,�,%�,-� *(!+� � (/%+� ,+,)&! /�� &#*+�) +1  � ��, 1��*+� � $��(�)�*+,-  ,% ���')��+,% 

Infomax ���  �" �),���&1)'+1�1"  �**1)�" $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��.  

 

 

 

 �
�� 6.26 �%+� ,+,)&�"  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 1�  ,�,�� �*� 
 �� ��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 
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 �
�� 6.27 7#*+� �  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 1�  ,�,�� �*�  �� 
��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 

 

 

 

:��" &�0�1 �� ��'  � *(!+� � 6.26 /�� 6.27, , ���')��+," Infomax, $1� +�,)10 �� /#�1� $��(�)�*+' 

���  �� 1�  ,�,�� �*�  �� ��*�� !)��. �% ' &�0�1 ��  '*, ��'  �" /%+� ,+,)&�" (*(!+� 6.24) '�,% 

/����� ��'  � “$��(�)�*+���” *!+� � �1)���+�#�1� ���),&,)01" /�� ��'  �" $-, ����" ��#��". ��� 

��'  � &#*+� �  �� $��(�)�*+���� *�+# �� (*(!+� 6.27), �),/-� 1�  , 0$�, *%+��)�*+�, '�,% 

��),%*�#3,� �� *1 /����� ��'  � &#*+� �  �� “$��(�)�*+����” *�+# �� ,� local �$�,*%(�' � 1" 

 �" /#�1 +0�" ���!" ��#��", /�� � global �$�,*%(�' � �. 
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 �
�� 6.28 �%+� ,+,)&�"  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 2�  ,�,�� �*� 
 �� ��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 

 

 

 

 �
�� 6.29 7#*+� �  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 2�  ,�,�� �*�  �� 
��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 

 
 
 
 



 134 

:��" &�0�1 �� ��'  � *(!+� � 6.28 /�� 6.29, , ���')��+," Infomax, $1� +�,)10 �� /#�1� $��(�)�*+' 

,- 1 /�� ���  �� 2�  ,�,�� �*�  �� ��*�� !)��. �% ' &�0�1 ��  '*, ��'  �" /%+� ,+,)&�" (*(!+� 

6.28) '�,% /����� ��'  � “$��(�)�*+���” *!+� � �1)���+�#�1� ���),&,)01" /�� ��'  �" $-, ����" 

��#��", ���# /�� ��'  � &#*+� �  �� $��(�)�*+���� *�+# �� (*(!+� 6.29), '�,% *1 /����� ��'  � 

&#*+� �  �� “$��(�)�*+����” *�+# �� 1+&��03,� �� ,� local �$�,*%(�' � 1"  �" /#�1 +0�" ���!" 

��#��", /�� � global �$�,*%(�' � �. 


����� *%�/)0�,� �"  � ��, 1��*+� � $��(�)�*+,- +1 �2- 1�" /�� 2�" 
 ,�,�� �*�"  �� ��*�� !)��, 

&�0�1 �� ' � , “$��(�)�*+'"” 10��� /��- 1)," * � 2�  ,�,�� �*� ��' ' � * �� 1�. �� /%+� ,+,)&�" 

 ,% *(!+� ," 6.28 *1 *-�/)�*� +1 �% �"  ,% *(!+� ," 6.26 �(,%� 1+&��10" $��&,)�". ��. �(1� 

�1)#*1� ���),&,)0� ��'  , ��� $��(�)�*+��, *!+� * , #��,, � ���),&,)0� �% ! 10��� *�&." ��, 

12�*�1��+��� *1 *(�*� +1  �� 1�  ,�,�� �*�  �� ��*�� !)��. �, 0$�, �*(-1� /�� ��'  � &#*+� � 

 ,% *(!+� ," 6.29, '�,% �(1� �1)#*1� +1� ���),&,)0� ��'  , ��� $��(�)�*+��, *!+� * , #��,, ���# 

�% ! 10��� �)/1 # ��, 12�*�1��+��� *1 *(�*� +1  �� �� 0* ,�(�  �" 1�"  ,�,�� �*�"  �� 

��*�� !)��. 

 

 

 

 �
�� 6.30 �%+� ,+,)&�"  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 3�  ,�,�� �*� 
 �� ��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 
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 �
�� 6.31 7#*+� �  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 3�  ,�,�� �*�  �� 
��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 

 

 

 

 �
�� 6.32 �%+� ,+,)&�"  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 4�  ,�,�� �*� 
 �� ��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 
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 �
�� 6.33 7#*+� �  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 4�  ,�,�� �*�  �� 

��*�� !)�� ((�)0" ��,$��+')&�*�, (�)0" (),��/' ��)#�%),) 

 

��'  �� 3�  ,�,�� �*�  �� ��*�� !)��  � ��, 1��*+� � $��(�)�*+,- (*(!+� � 6.30 /�� 6.31) 

�(,%� �1� ���10 �/'+� �1)�**' 1),. �21 #3,� �"  �" /%+� ,+,)&�"  ,% *(!+� ," 6.30 &�0�1 �� ' � , 

$��(�)�*+'" 10��� �/'+� /��- 1)," *1 *(�*� +1  �" �),��,-+1�1" $-,  ,�,�1 !*1�". ��)'�� �% #, 

12�/,�,%�10 �� +�� 10���  ��1�," , $��(�)�*+'", /�� &�0�1 �� /���)#, ' � +�/)' +�),"  �" 

���),&,)0�"  ,% /��1�'" ��'  � $��(�)�*+��� *!+� � �(1� �1)#*1� * , #��,. �),&��."  � 

��, 1��*+� � $��(�)�*+,- /� #  �� 3�  ,�,�� �*�  �� ��*�� !)�� 10��� 1+&��." /��- 1)� ��'  �" 

�),��,-+1�1" $-, �1)�� .*1�". ��0*�" 121 #3,� �"  � &#*+� �  �� $��(�)�*+���� *�+# �� * , 

*(!+� 6.31 &�0�1 �� ' � /�� 1$. �(1� �1)#*1� ��� +�/)' +�)," ���),&,)0�" ��'  , ��� $��(�)�*+��, 

*!+� * , #��,, ���# 10��� �,�- +�/)' 1), ��'  �" �),��,-+1�1" $-,  ,�,�1 !*1�". 

� 4�  ,�,�� �*�  �� ��*�� !)��, '��" &�0�1 �� /�� ��'  � ��, 1��*+� � $��(�)�*+,- * � 

*(!+� � 6.32 /�� 6.33, 10��� �#)� �,�- /��#. 

��, *%�/1/)�+���, ��'  , *(!+� 6.32  �� /%+� ,+,)&.�  �� $��(�)�*+���� *�+# ��, &�0�1 �� ' � 

 � *!+� � �(,%� $��(�)�* 10 �#)� �,�- /��#, (�)0" �� 10��� 1+&���" �� �(1� �1)#*1� /#�,�� 

���),&,)0� ��'  , ��� $��(�)�*+��, *!+� * , #��,. ���,�  � *!+� � �(,%� $��(�)�* 10 * � 

�)(�/# *!+� � (scaled 1/$,(�"  �� �)(�/.� ����0�� *�+# ��). ��'  � &#*+� �  �� $��(�)�*+���� 

*�+# ��  ,% *(!+� ," 6.33 &�0�1 �� /�� ��' 1$. ' � , $��(�)�*+'" 10��� �,�- /��'". 

	%+�1)�*+� �/#, �% ' �,% ��)� �)!��/1 10��� ' � +1 �����!  �" ��*�"  �� ��*�� !)��, �)���/1 

 ,�,�� �*�  �� ��*�� !)�� (1$. � 4�  ,�,�� �*�), * �� ,�,0�  � /� ��1�)�++��� ��'  ,%" 

��*�� !)1" *%�$%�*+��� *!+� �, 1�� )14�� * ,� ���')��+, Infomax ( , 0$�, *%���� /�� ���  ,%" 

%�'�,��,%"  )1�" ���')��+,%" $��(�)�*+,-), �� $��(�)0*1�  � *%�$%�*+��� *!+� �, * � �)(�/# 

*!+� � +1  ,� /��- 1), $%�� '  )'�,. 
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��'  , ��)��#�� *%+��)�*+�, �0�1 �� �� ���� ' ' � � �,�' � �  ,% $��(�)�*+,- /�� �1��/# � 

�)��+� ,�,0�*� /��,- $��(�)�*+,-, 10��� #+1*� 12�) �+��� ��'  �" ��*1�" * �" ,�,01" 

 ,�,�1 ,-� �� ,� ��*�� !)1". 

�# � �/'+� �,�- *�+�� �/' �,% �)��1� �� ��)� �)��10, 10��� ' � * �� �1)0� �*� �,% ���#2,%�  � 

Mode Shapes,  ' 1 +1 ��#��1 �� #+1*� /�� � ��*� * �� ,�,0� �)��1� ��  ,�,�1 ��,-� ,� 

��*�� !)1", .* 1 �� +�,)10 �� �),/-41� �/��,�,�� �/' $��(�)�*+'"  �� *�+# ��. 

 

 

6.5 +���������� ��� 3 ����� ��� ���������� ����� ���������	�� ‘����	��’ 

������������� 

 

	1 �% !  �� 1�' � � ��),%*�#3,� ��  � ��, 1��*+� �  �� ���,)0�+�� $��(�)�*+,- ���  � 

%�,�,��* �/# �),*,+,��+��� *!+� �, * �� �1)0� �*� '�,% %�#)(,%� $-, ����" ��#��" �,% 

$�1�10),%� +'�, local �$�,*%(�' � 1". 

��, *%�/1/)�+��� � 1�' � � 6.5 �(1� $��)�)��10 �" 12!": �)(�/# ��),%*�#3,� ��  � �,*, �/# 

��, 1��*+� �  �� ���')��+�� $��(�)�*+,-, ��� /#�,�1" 1�$1�/ �/�" �1)�� .*1�" ��#��", ��� 1 

 ,�,�� �*�  �� ��*�� !)�� ($���$!  �� *�+10�� C /�� D). 	 � *%��(1��, $0�,� �� �0��/1" +1  � 

��, 1��*+� � $��(�)�*+,- '���  �� �),*,+,��+���� *�+# �� ��'  ,%"  �**1)�" ���')��+,%" 

$��(�)�*+,-. :�1" ,� *(�+� �/�" �����)�* #*1�" (/%+� ,+,)&�", &#*+� �, /��), ,� 

()�*�+,�,�,-+1�,� ���')��+,�,  � �),*,+,��+��� *!+� � /��, 10��� $����*�+� ��� �1)�� �)� 

1�121)��*0�. 

�, �1�,�'" ' � ���  �� �1)0� �*� '�,% %�#)(,%�  )1�" ����" ��#��" $1� �)��+� ,�,�10 �� �����! 

* �" ��*1�"  �� ��*�� !)�� ,&10�1 �� * , 12!": � �1)�� �)� +1 �/0��*� (��,+#/)%�*� ��'  �" 

����")  �� *�+10�� C /�� D, *1 *%�$%�*+' +1  �" $1$,+��1" Mode Shape functions (*(!+� 7.9) �(1� 

�" ��, ��1*+� ���  ,%" *%� 1�1* �" Fi  �� shape functions �� +�� �*(-,%� ,� *(�*1�" 3C2C1C F,FF �  

/�� 3D1D2D F,FF �  ���# �� �*(-1� ' � 3C1C FF =  /�� 3D2D FF = , $���$! *1 '�,%"  ,%" ��*�� !)1" 

( �� *�+10�� C, D /�� �) %�1)�(1�  , *!+� �,% �),�)(1 �� ��'  �� ���! * � ��*� F, ��)���#3,� �" 

� *�  � �,��/! /� �*/1%!"  �� shape functions, '�,% *1 /#�1 ��*�� !)� �� %�1)�(1�  , *!+� +0�" 1/ 

 �� ���.�. �2�� 0�" �% ,-, /�� +1  � $1$,+��� Mode Shape (*(!+� 7.9), ������"  �� ��*1��  �� 

��*�� !)��, $1� �� �,��!*,%� * � �1� 0�*�  ,% $��(�)�*+,- /�� +#��* � +1 �����! * �" ��*1�", 

��)� �)!��/1 ' � $1� +�,)10 /�����" ���')��+," �� $��(�)0*1�  � *%�$%�*+��� *!+� �, * � �)(�/# 

*!+� �. 

	 �� �1)0� �*� '�,% $1� $�1�10)1 �� /#�,�� global �$�,*%(�' � � ��'  �" 3 ����" (�,% 10��� 

 ,�,�1 �+��1" * �" ��*1�" A, B /�� F), '��" ���&�)��/1 /�� �),��,%+���" +'�, +0�  ,�,�� �*� 

 �� ��*�� !)�� * �" ��*1�" C, D /�� E �#�� * �" shape functions +�,)10 �� $.*1� /��# 

��, 1��*+� � $��(�)�*+,-. 

��� �% '  , �'�,, �� 121 �* ,-�  , �." $��(�)03,� ��  � *!+� �, ��' �% !  � +,��$�/!  ,�,�� �*� 

 �� *�+10�� C, D /�� E. 
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�� �1)�� .*1�" ����.� �,% �� +1�1 ��,-� 10��� ,� 12!" (��#�� * � ��*� � – ��#�� * � ��*� B, 

��#�� * � ��*� F): 


 H1A1 – H2B1 – WHITENOISE 


 H1A1 – H1A2 – H2B1 


 H1A1 – H2B1 – H2B2 


 H1A2Md01SNR5 – H2B2Md01SNR5 – WHITENOISE 


 H1A2SLIP5 H2B1SLIP5 H2B2SLIP5 

�� ()�*�+,�,�,-+1�� �),*,+,��+��� *!+� � ��),%*�#3,� �� * ,%" �0��/1" 6.1, 6.2, 6.3. 

� +1�� � �,% �� �)��+� ,�,���10 �� �1)���+�#�1�  � �/'�,%�� * #$��: 


 �,�,�031 �� �  �+!  �" kurtosis  �� �/,�,-���: 


 Kurtosis_A -> �  �+!  �" /-) �*�"  �" ���!" A 


 Kurtosis_B -> �  �+!  �" /-) �*�"  �" ���!" B 


 Kurtosis_F -> �  �+!  �" /-) �*�"  �" ���!" F 


 ��  �+�"  �" kurtosis  �� �)(�/.� ����0�� *�+# ��  �� ),%�1+#� * �" ��*1�" A, B /�� F, �� 

*%�/)��,-� +1  �" �� 0* ,�(1"  �+�" kurtosis  �� $��(�)�*+���� *�+# �� '��" �),/-� ,%� ��' 

 ,%" ���')��+,%" $��(�)�*+,-, �),/1�+��,% �� ��)� �)��10 /� # �'*, /��# $��(�)03,%� ! '(� 

 � *!+� �. 

 

 

6.5.1 "�����
 ������ ������� C 	�� D 

 

 

 �
�� 6.34 �,�,�� �*�  �� ��*�� !)�� ��� 3 ‘ ,��/�"’ ����" 

 

�� *%� 1�1* �" Fi ���  � *�+10� C, D /�� E, '��" �),/-� ,%� ��'  ��  ,�,�� �*�  ,%" * �" shape 

functions 10��� ,� 12!": 
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F1A=1, F1B=0, F1C=0.72, F1D=-0.08, F1E=-0.08, F1F=0 

F2A=0, F2B=1, F2C=-0.08, F2D=0.72, F2E=0.12, F2F=0 

F3A=0, F3B=0, F3C=0.36, F3D=0.36, F3E=0.96, F3F=1 

���  �� �1)0� �*� '�,%  , ��� ),%�1+#� $1� ��),%*�#31� ��#�� (�* � �% ' �,% 1$)#31 �� * � ��*� 

B),  ' 1 ,� *%� 1�1* �" %�,$1/����*�#3,� �� (�'��  ,% ' � 1+&��031 �� +'�, �1%/'" Gaussian 

�')%�,"): 

F3A=0, F3B=0, F3C=0.036, F3D=0.036, F3E=0.096, F3F=0.1 

�/,�,%�,-� ��� /#�1 +0� ��'  �" �1)�� .*1�" ����.� ( )�#$1" ��#��"  �" ���!" A, ��#��"  �" 

���!" B /�� ��#��"  �" ���!" F), ,� �� 0* ,�(1"  �+�"  �" kurtosis  �� �)(�/.� ����0�� *�+# �� /�� 

 �� $��(�)�*+���� *�+# �� �,% �),/-� ,%� ��'  ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- 

�,% ()�*�+,�,�!��/��. 

�� *�+1���10 ' � � *1�)# &') �*�"  �� *�+# �� 10��� � 12!": X1 -> XC, X2 -> XD /�� X3 -> XE, 

$���$! * � �). � ��*�  ,% mixing matrix x=[ x1; x2; x3], &,) .�1 ��  , *%�$%�*+��, *!+� XC * , 

,�,0, %�1)�(1� � ��#��  ,% ),%�1+#� �,% 1$)#31 �� * � ��*� A. 	 � $1- 1)� ��*�  ,% x, 

&,) .�1 ��  , *%�$%�*+��, *!+� XD * , ,�,0, %�1)�(1� � ��#��  ,% ),%�1+#� �,% 1$)#31 �� * � 

��*� B. ���,", * � �)0 � ��*�  ,% �0��/� x, &,) .�1 ��  , *%�$%�*+��, *!+� XE * , ,�,0, 

%�1)�(1� � ��#��  ,% ),%�1+#� �,% 1$)#31 �� * � ��*� F. 

 

!���	�� 6.17  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ��� +0�  ,�,�� �*�  �� ��*�� !)�� (3 local modes) 

Source 

Signals 
�),*,+,�.*1�" 


���.� 

Kurtosis 
of source 
signals  
S1 S2 S3 

Unmixed 
Signals 

Infomax 
kurtosis 

of 
U1 U2 U3 

ICA 
Fixed 
Point 

kurtosis 
of U1 U2 

U3 

PearsonICA 
kurtosis of 
U1 U2 U3 

Parra 
Temporal 

Predictability 
kurtosis of 
U1 U2 U3 

        

S1 H1A1 2.9632 U1 2.9553 10.4754 10.4720 0.0396 

S2 H2B1 10.4659 U2 10.4643 2.9543 0.0424 10.4621 

S3 WHITENOISE 0.0440 U3 0.0478 0.0429 2.9601 2.9621 

        

S1 H1A1 2.9632 U1 2.9604 10.4724 10.4680 6.1521 

S2 H1A2 6.1692 U2 6.1697 2.9534 6.1708 10.4534 

S3 H2B1 10.4659 U3 10.4699 6.1670 2.9575 2.9619 

        

S1 H1A1 2.9820 U1 2.9720 10.4678 21.0071 20.8451 

S2 H2B1 10.4659 U2 10.4954 2.9818 10.4948 10.4327 

S3 H2B2 20.9998 U3 20.9999 20.9074 2.9685 2.9715 

        

S1 H1A2Md01SNR5 3.3796 U1 3.3788 10.5378 0.0399 10.5187 

S2 H2B2Md01SNR5 10.5377 U2 10.5250 3.3817 3.3844 3.3850 
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S3 WHITENOISE 0.0440 U3 0.0410 0.0404 10.5328 0.0405 

        

S1 H1A2SLIP5 6.1663 U1 6.1633 6.1678 20.9768 20.9322 

S2 H2B1SLIP5 10.1445 U2 10.1504 10.0744 10.1521 6.1511 

S3 H2B2SLIP5 20.9730 U3 20.9740 20.9009 6.1604 10.1392 

  

 


 ��)� �)!��/1 ' � ��� /#�1 ,+#$� ����.�, 1/ 1�.� �"  ,� ���')��+, Infomax �1)�**' 1)1" 

��' +0� &,)�", �!&��/�� /��- 1)� ��, 1��*+� � ���  �"  �+�"  �" /-) �*�", �,% *1 ,)�*+��1" 

�1)�� .*1�" *%+�0� ,%� +1  �"  �+�" /-) �*�"  �� �)(�/.� ����0�� *�+# ��. ��0*�", 

��)� �)!��/1 ' � , Infomax *1 /#�1 �1)0� �*� +�')1*1 �� 1� ,�0*1� /��  �� ���! ���  , 

1/#* , 1 $��(�)�*+��, *!+�. 


 �� *�+1���10 ' � , ���')��+," ICA Fixed Point $���� 1�  )1�" 1���,��" �)��  ,� %�,�,��*+'  ,% 

demixing �0��/�. 

Select non-quadratic function G 

1:cosh, 2:exp, 3:power(kurt) 

value=  ... 

6 *� ���  ,� ���')��+, ICA Fixed Point 1�����1 �� /#�1 &,)# �  �+! �,% $0�1�  � /��- 1)� 

��, 1��*+� � * �"  �+�"  �" /-) �*�"  �� $��(�)�*+���� *�+# �� *1 *(�*� +1  � �)(�/# 

����0� *!+� �. :��" ��)� �)!��/1 ��' $�#&,)1" 1�����!41�"  ,% ���')��+,% ��� value=2  � � 

 �+!  �" kurtosis  �� $��(�)�*+���� *�+# �� 10��� ��, /,� # * ��  �+!  �" /-) �*�"  �� 

�)(�/.� ����0�� *�+# ��. �# � �/'+� �,% ��)� �)!��/1 10��� ' �, , ICA Fixed Point $1� 

+�')1*1 *1 '�1"  �" �1)�� .*1�" �� 1� ,�0*1�  � ���! �,% �� �* ,�(10 *1 /����� ��'  � 

$��(�)�*+��� *!+� �. 


 :*,� �&,)#  ,� ���')��+, PearsonICA, �)��1� �� *�+1���10 ' � *1 /#�1 1���#��4� 1/ ��1*�" 

 ,% ���  , 0$�, 31-�," �),*,+,��+���� ����.�, ���#31�  � *1�)# 1+&#��*�"  �� $��(�)�*+���� 

*�+# ��, �)#�+� �,% *�+�0�1� ' � $1� +�,)10 �� 1� ,�031�  �" ����". ��0*�" �)��1� �� *�+1���10 

' � , demixing matrix W, ���#31� *%�1(." �" �),"  � �)'*�+� ��� /#�1 1���#��4�  ,% 0$�,% 

31-�,%" �),*,+,��+���� ����.�.  ���," /�� �  �+!  �" /-) �*�"  �� $��(�)�*+���� *�+# ��, 

+1 ��#��1 �� *1 �,�- +�/)' �,*,* ' ( �"  #2�" ±0.0001~0.0025) -* 1)� ��' /#�1 1���#��4� 

 ,% ���')��+,%. 


 :*,� �&,)#  ,� ���')��+, Parra Temporal Predictability, ��12�) ! �"  ,% ��!�,%"  �� 

1/ 1��*1�� ��� /#�1 31-�," ��#��", , ���')��+," �$��1  �" 0$�1"  �+�" /-) �*�", ���  �� 

1/#* , 1 ,+#$� ����.�. ��' �% !  � ��)� !)�*� *%+�1)�0�1 �� ' � , ���')��+," Parra 

Temporal Predictability 10��� “��'�% �” * ��1)'", /� #  , $��(�)�*+'  �� *%�$%�*+���� 

*�+# ��, *1 *(�*� +1  ,%" %�'�,��,%" ���')��+,%", '�,% +1 1������+���'+1�1" 1/ 1��*1�" 

 ,%" +1 ��#��,� �� ,�  �+�"  �" /-) �*�", �� /�� � +1 ��,�! �% ! �),*1��031� �/'+� /��- 1)� 

 �"  �+�" /-) �*�"  �� �)(�/.� ����0�� *�+# ��. ��)'�� �% #, ,- 1 �% '" , ���')��+," 10��� 

*1 ��*� �� 1� ,�031�  �" ����". 
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��' '�1"  �" ��)��#�� �),*,+,�.*1�" ���  � *�+10� C, D /�� E, ��)� �)10 �� ' � /�� ,� 4 

���')��+,� $��(�)03,%�  � *%�$%�*+��� *!+� � * � �)(�/# ����0� *!+� � ���  � $1$,+��� 

 ,�,�� �*�  �� ��*�� !)�� * � *�+10� C, D /�� E. �% ' $��/)0�1 �� ��)� �).� �"  �"  �+�"  �" 

kurtosis  �� �)(�/.� ����0�� *�+# �� +1  �  1��/# $��(�)�*+��� *!+� �, ��� /#�1 �1)0� �*�. 

����),*�� �", +'�, , ���')��+," Infomax, +�')1*1 �� 1� ,�0*1�  �� ���! ��'  �� ,�,0� �),�)(1 �� 

 , /#�1 $��(�)�*+��, *!+�, ��� '�1"  �" �1)�� .*1�". 

�2#�,� �" ���  1��/' *%+��)�*+� +1 �#*� '�1"  �" �),*,+,�.*1�", &�0�1 �� , ���')��+," Infomax 

$0�1� *%�,��/#  � /��- 1)� $%�� # $��(�)�*+��� *!+� � /�� +�,)10 �� �)0*/1� /��  �� �),��1%*� 

 ,% /��1�'" ��'  � $��(�)�*+��� *!+� �. �, *%+��)�*+� �% ' �),/-� 1�, 121 #3,� �" '�1"  �" 

 �+�" kurtosis  �� ���,)0�+�� ��� '�1"  �" �1)�� .*1�" /��." /��  , *&#�+� ��'$,*�", ��' '�,% /�� 

&�0�1 �� ' � *%�,��/# , Infomax $0�1�  �+�" kurtosis  �� $��(�)�*+���� *�+# �� �,% 10��� ��, /,� # 

* �" �� 0* ,�(1"  �+�" kurtosis  �� �)(�/.� ����0�� *�+# �� /�� *&#�+� ��'$,*�" ��, /,� # * , 

+�$��. 

�/,�,%�,-� �0��/1" +1  � ��, 1��*+� � $��(�)�*+,-, ��� '��  � �),*,+,��+��� *!+� � /�� ��� 

 ,%"  �**1)�" ���')��+,%". 

 

!���	�� 6.18  

��, 1��*+� � $��(�)�*+,- /� #  ,� ���')��+, Infomax ��� 3 local ����". �� *%�$%�*+��� *!+� � 
&,) .�,� �� +1  � *1�)#, x1-> XC, x2 -> XD /�� x3-> XE. 

���������	 
	���� 7����	�	 ��� MIXTURED SIGNALS  

XC XD XE 

INFOMAX 
MODES = 3 
XC XD XE 

������	��	 ����	 

Simulation 

x1 x2 x3 

U1 U2 U3 
�\
� 

1st  H1A1 H2B1 WHITENOISE H1A1 H2B1 WHITENOISE N 

2nd  H1A1 H2B1 H2B2 H1A1 H2B1 H2B2 N 
3rd  H1A1 H1A2 H2B1 H1A1 H1A2 H2B1 N 
4th H2B1 H2B2 WHITENOISE H2B1 H2B2 WHITENOISE N 
5th H1A1SNR10 H1A2Md01 H2B2Md01SNR5 H1A1SNR10 H1A2Md01 H2B2Md01SNR5 N 

6th H1A2Md01SNR5 H2B2Md01SNR5 WHITENOISE 
H1A2Md01SNR

5 
H2B2Md01SNR

5 
WHITENOISE N 

7th H1A1SNR10 H1A2SNR5 H2B2 H1A1SNR10 H1A2SNR5 H2B2 N 
8th H1A2SNR20 H2B1 H2B2Md01SNR5 H1A2SNR20 H2B1 H2B2Md01SNR5 N 
9th H1A1SLIP1 H2B1SLIP1 H2B2SLIP5 H1A1SLIP1 H2B1SLIP1 H2B2SLIP5 N 
10th H1A2SLIP5 H2B1SLIP5 H2B2SLIP5 H1A2SLIP5 H2B1SLIP5 H2B2SLIP5 N 
11th H1A1SLIP5 H1A2SLIP1 H2B2SLIP1 H1A1SLIP5 H1A2SLIP1 H2B2SLIP1 N 
12th H1A2SLIP5 H2B2SLIP5 WHITENOISE H1A2SLIP5 H2B2SLIP5 WHITENOISE N 
13th H1A1SLIP5 H1A2 H2B1 H1A1SLIP5 H1A2 H2B1 N 
14th H1A1 H2B1SLIP1 H2B2SLIP5 H1A1 H2B1SLIP1 H2B2SLIP5 N 
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!���	�� 6.19  

��, 1��*+� � $��(�)�*+,- /� #  ,� ���')��+, ICA Fixed Point ��� 3 local ����". �� *%�$%�*+��� *!+� � 
&,) .�,� �� +1  � *1�)#, x1-> XC, x2-> XD /�� x3-> XE. 

���������	 	���� 7����	�	 ��� MIXTURED SIGNALS XC XD XE 

ICA Fixed Point 
MODES = 3 
XC XD XE 

������	��	 ����	 

Simulation 

x1 x2 x3 
VALU

E 

U1 U2 U3 
�\
� 

1st H1A1 H2B1 WHITENOISE 1,2,3 H2B1 H1A1 WHITENOISE O 

H2B1 H1A1 H2B2 2nf H1A1 H2B1 H2B2 1,2,3 
H2B1 H2B2 H1A1 

O 

H2B2 H1A2 H1A1 3rd H1A1 H1A2 H2B2 1,2,3 
H2B2 H1A1 H1A2 

O 

4th H2B1 H2B2 WHITENOISE 1,2,3 H2B2 H2B1 WHITENOISE O 

5th H1A1Md01SNR5 
H2B2Md01SNR

5 
WHITENOISE 1,2,3 

H2B2Md01SNR
5 

H1A2Md01SNR
5 

WHITENOISE O 

H2B2 H1A2SNR5 H1A1SNR10 6th H1A1SNR10 H1A2SNR5 H2B2 1,2,3 
H2B2 H1A1SNR10 H1A2SNR5 

O 

1,2,3 H2B1 
H2B2Md01SNR

5 
H1A2Md01 

1,2 H2B1 H1A2Md01 
H2B2Md01SNR

5 
7th H1A2Md01 H2B1 

H2B2Md01SNR
5 

3 
H2B2Md01SNR

5 
H2B1 H1A2Md01 

O 

H1A2Md01SNR
5 

H1A1SNR10 
H2B2Md01SNR

5 
H1A2Md01SNR

5 
H2B2Md01SNR

5 
H1A1SNR10 8th H1A1SNR10 

H1A2Md01SNR
5 

H2B2Md01SNR
5 

1,2,3 

H1A1SNR10 
H1A2Md01SNR

5 
H2B2Md01SNR

5 

O 

H2B1SLIP1 H1A1SLIP1 H2B2SLIP5 9th H1A1SLIP1 H2B1SLIP1 H2B2SLIP5 1,2,3 
H2B1SLIP1 H2B2SLIP5 H1A1SLIP1 

O 

1,2,3 H2B2SLIP5 H1A2SLIP5 H2B1SLIP5 10th H1A2SLIP5 H2B1SLIP5 H2B2SLIP5 
3 H2B2SLIP5 H2B1SLIP5 H1A2SLIP5 

O 

11th H1A1SLIP5 H1A2SLIP1 H2B2SLIP1 1,2,3 H2B2SLIP1 H1A2SLIP1 H1A1SLIP5 O 

12th H1A2SLIP5 H2B2SLIP5 WHITENOISE 1,2,3 H2B2SLIP5 H1A2SLIP5 WHITENOISE O 

1,2,3 H2B1 H1A1SLIP5 H1A2 13th H1A1SLIP5 H1A2 H2B1 
3 H2B1 H1A2 H1A1SLIP5 

O 

H2B1SLIP1 H2B2SLIP5 H1A1 14th H1A1 H2B1SLIP1 H2B2SLIP5 1,2,3 
H2B1SLIP1 H1A1 H2B2SLIP5 

O 

H2B2Md01SNR
5 

H1A2Md01 H1A1SNR10 
15th H1A1SNR10 H1A2Md01 

H2B2Md01SNR
5 

1,2,3 

H1A2Md01 
H2B2Md01SNR

5 
H1A1SNR10 

O 

H2B2Md01SNR
5 

H2B1 H1A2SNR20 
16th H1A2SNR20 H2B1 

H2B2Md01SNR
5 

1,2,3 

H2B1 
H2B2Md01SNR

5 
H1A2SNR20 

O 
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!���	�� 6.20  

��, 1��*+� � $��(�)�*+,- /� #  ,� ���')��+, PearsonICA ��� 3 local ����". �� *%�$%�*+��� *!+� � 
&,) .�,� �� +1  � *1�)#, x1-> XC, x2-> XD /�� x3-> XE. 

���������	 
	���� 7����	�	 ��� MIXTURED SIGNALS  

XC XD XE 

PearsonICA 
MODES = 3 
XC XD XE 

���(�)�*+'" 	�+# �� / �� ,��*+'" ���!" 

Simulation 

x1 x2 x3 

U1 U2 U3 
�\
� 

H1A1 WHITENOISE H2B1 
WHITENOISE H1A1 H2B1 1st  H1A1 H2B1 WHITENOISE 

WHITENOISE H2B1 H1A1 

O 

H2B2 H1A1 H2B1 
H2B2 H2B1 H1A1 
H2B1 H1A1 H2B2 

2nd  H1A1 H2B1 H2B2 

H11A1 H2B1 H2B2 

O 

H2B1 H1A2 H1A1 
H2B1 H1A1 H1A2 3rd  H1A1 H1A2 H2B1 

H1A2 H2B1 H1A1 

O 

H2B1 WHITENOISE H2B2 
H2B2 WHITENOISE H2B1 4th  H2B1 H2B2 WHITENOISE 

WHITENOISE H2B2 H2B1 

O 

H1A1SNR10 
H2B2Md01SNR

5 
H1A2Md01 

H1A1SNR10 H1A2Md01 H2B2Md01SNR5 5th  H1A1SNR10 H1A2Md01 H2B2Md01SNR5 

H2B2Md01SNR
5 

H1A2Md01 H1A1SNR10 

O 

H1A2Md01SNR
5 

H2B2Md01SNR
5 

WHITENOISE 

H2B2Md01SNR
5 

H1A2Md01SNR
5 

WHITENOISE 6th  H1A2Md01SNR5 H2B2Md01SNR5 WHITENOISE 

WHITENOISE 
H2B2Md01SNR

5 
H1A2Md01SNR5 

O 

H1A2SNR5 H1A1SNR10 H2B2 
H1A1SNR10 H1A2SNR5 H2B2 7th  H1A1SNR10 H1A2SNR5 H2B2 

H2B2 H1A2SNR5 H1A1SNR10 

O 

H2B2Md01SNR
5 

H1A2SNR20 H2B1 

H1A2SNR20 H2B1 H2B2Md01SNR5 
8th  H1A2SNR20 H2B1 H2B2Md01SNR5 

H2B1 H1A2SNR20 H2B2Md01SNR5 

O 

H2B2SLIP5 H2B1SLIP1 H1A1SLIP1 
H1A1SLIP1 H2B1SLIP1 H2B2SLIP5 9th H1A1SLIP1 H2B1SLIP1 H2B2SLIP5 

H2B2SLIP5 H1A1SLIP1 H2B1SLIP1 

O 

H2B2SLIP5 H1A2SLIP5 H2B1SLIP5 
H2B1SLIP5 H2B2SLIP5 H1A2SLIP5 10th H1A2SLIP5 H2B1SLIP5 H2B2SLIP5 

H1A2SLIP5 H2B2SLIP5 H2B1SLIP5 

O 

H1A1SLIP5 H2B2SLIP1 H1A2SLIP1 
H2B2SLIP1 H1A1SLIP5 H1A2SLIP1 
H2B2SLIP1 H1A2SLIP1 H1A1SLIP5 

11th H1A1SLIP5 H1A2SLIP1 H2B2SLIP1 

H1A2SLIP1 H1A1SLIP5 H2B2SLIP1 

O 

H2B2SLIP5 WHITENOISE H1A2SLIP5 
H1A2SLIP5 WHITENOISE H2B2SLIP5 

WHITENOISE H2B2SLIP5 H1A2SLIP5 
12th H1A2SLIP5 H2B2SLIP5 WHITENOISE 

WHITENOISE H1A2SLIP5 H2B2SLIP5 

O 
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!���	�� 6.21  

��, 1��*+� � $��(�)�*+,- /� #  ,� ���')��+, Parra Temporal Predictability ��� 3 local ����". �� 
*%�$%�*+��� *!+� � &,) .�,� �� +1  � *1�)#, x1-> XC, x2-> XD /�� x3-> XE 

���������	 
	���� 7����	�	 ��� MIXTURED SIGNALS  

XC XD XE 

Paraa Temproal 
MODES = 3 
XC XD XE 

���(�)�*+'" 	�+# �� / �� ,��*+'" ���!" 

Simulation 

x1 x2 x3 

U1 U2 U3 
�\
� 

1st  H1A1 WHITENOISE H2B1 WHITENOISE H2B1 H1A1 O 

2nd  H1A1 H2B2 H2B1 H2B2 H2B1 H1A1 O 
3rd  H1A1 H2B1 H1A2 H1A2 H2B1 H1A1 O 
4th  H2B1 WHITENOISE H2B2 H2B2 WHITENOISE H2B1 O 

5th  H1A1SNR10 H2B2Md01SNR5 H1A2Md01 
H2B2Md01SNR

5 
H1A2Md01 H1A1SNR10 O 

6th  H1A2Md01SNR5 WHITENOISE H2B2Md01SNR5 
H2B2Md01SNR

5 
H1A2Md01SNR

5 
WHITENOISE O 

7th  H1A1SNR10 H2B2 H1A2SNR5 H2B2 H1A2SNR5 H1A1SNR10 O 

8th  H1A2SNR20 H2B2Md01SNR5 H2B1 
H2B2Md01SNR

5 
H1A2SNR20 H2B1 O 

9th H1A1SLIP1 H2B2SLIP5 H2B1SLIP1 H2B2SLIP5 H2B1SLIP1 H1A1SLIP1 O 
10th H1A2SLIP5 H2B2SLIP5 H2B1SLIP5 H2B2SLIP5 H1A2SLIP5 H2B1SLIP5 O 
11th H1A1SLIP5 H2B2SLIP1 H1A2SLIP1 H2B2SLIP1 H1A2SLIP1 H1A1SLIP5 O 
12th H1A2SLIP5 WHITENOISE H2B2SLIP5 H2B2SLIP5 H1A2SLIP5 WHITENOISE O 

 

 

��'  ,%" �0��/1" 6.18 ��" /�� 6.21, &�0�1 �� ' � /�� ,�  �**1)�" ���')��+,� /#�,%� /��' 

$��(�)�*+', ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)��, ���# +'�, , ���')��+," Infomax +�,)10 

�� 1� ,�031�  �� ���!  ,% /��1�'" ��'  � $��(�)�*+��� *!+� �. 

	%+�1)�*+� �/# /�� * �� �1)0� �*� '�,% %�#)(,%�  )1�" ����" ��#��", , Infomax ��,$10(��/1 ' � 

10��� , /��- 1)," ��'  ,%" ���')��+,%" $��(�)�*+,- �,% +1�1 .� �� * �� ��),-*� 1)��*0�. 

 

 

6.6 +���������� ��� ����� ����� ��� ���������� ��� ‘	���
’ 	�� ����� ���������	�� 

‘����	��’ ������������� 

 

	1 �% !  �� 1�' � � ��),%*�#3,� ��  � ��, 1��*+� �  �� ���,)0�+�� $��(�)�*+,- ���  � 

%�,�,��* �/# �),*,+,��+��� *!+� �, * �� �1)0� �*� '�,% %�#)(,%�  )1�" ����" ��#��", ,� ,�,01" 

$�1�10),%� +0� global �$�,*%(�' � �. 

��, *%�/1/)�+��� � 1�' � � 6.6 �(1� $��)�)��10 �" 12!": �)(�/# ��),%*�#3,� ��  � �,*, �/# 

��, 1��*+� �  �� ���')��+�� $��(�)�*+,-, ��� /#�,�1" 1�$1�/ �/�" �1)�� .*1�" ��#��", ��� +0� 

 ,�,�� �*�  �� ��*�� !)�� ($���$!  �� *�+10�� C, D /�� E). �$. �)��1� �� *�+1���10, '��" /�� 

+1  �"  )1�" local ����", � *� '��" �(,%� /� �*/1%�* 10  � Mode Shapes, � �1)�� �)� +1 ��,�!  �" 

��*�"  �� ��*�� !)�� $1� �,��#1� * , $��(�)�*+', �� ��� �", $1� +�,)10 �� �)��+� ,�,���10 /��'" 

$��(�)�*+'"  �� *%�$%�*+���� *�+# ��. ���," ��),%*�#3,� ��  � ��, 1��*+� � $��(�)�*+,- /�� 
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��� +0� $��&,)1 �/!  ,�,�� �*�  �� ��*�� !)��, �),/1�+��,% �� $1�(�10 ' � $1� +�,)10 �� 

�)��+� ,�,���10 $��(�)�*+'". 

 

���  � +1�� � �% ! �� �0�1� ()!*�  �� �/'�,%��� �),*,+,��+���� *�+# ��, '��" ��),%*�#3,� �� 

* ,� �0��/� 6.5 


 �, ),%�1+#� �,% 1$)#31 �� * � ��*� A, &�)1� &�,)# * ,� 12� 1)�/' $�/ -��, +1 *%(�' � � 

BPFO=45Hz +1 fn1=800Hz, /�� $�1�10)1� +0� Global �$�,*%(�' � � fn2=2000Hz, �,% &�)1�  � 

(�)�/ �)�* �/#  �" ��#��" BPFO. 


 �, ),%�1+#� �,% 1$)#31 �� * � ��*� B, &�)1� &�,)# * ,� 1*� 1)�/' $�/ -��, +1 *%(�' � � 

BPFI=165Hz +1 fn1=31000Hz, /�� $�1�10)1� +0� Global �$�,*%(�' � � fn2=2000Hz, �,% &�)1�  � 

(�)�/ �)�* �/#  �" ��#��" BPFI. 


 �, ),%�1+#� �,% 1$)#31 �� * � ��*� F, &�)1� &�,)# * ,� 12� 1)�/' $�/ -��, +1 *%(�' � � 

BPFO=45Hz +1 fn1=1400Hz, /�� $�1�10)1� +0� Global �$�,*%(�' � � fn2=2000Hz, �,% &�)1�  � 

(�)�/ �)�* �/#  �" ��#��" BPFO. 

��� �� +�,)�*1� �� �0�1� *-�/)�*�  �� ��, 1�1*+# �� $��(�)�*+,-, �� �0�1� ()!*�  ��  �+.�  �" 

/-) �*�"  �� �/,�,-���: 


 kurtosisA -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� A, (�)0" 

 ,%" Fi 


 kurtosisB -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� B, (�)0" 

 ,%" Fi 


 kurtosisF -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� F, (�)0" 

 ,%" Fi 


 kurtosisA_CD" -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� A 

���  � *�+10� C, D /�� E 


 kurtosisB_CDE -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� B 

���  � *�+10� C, D /�� E 


 kurtosisF_CDE -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� F 

���  � *�+10� C, D /�� E 


 kurtosisDA -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� A 

-* 1)� ��' ��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! A ($���$! �(,%� 

�&��)1�10 '�1" ,� �$�,*%(�' � 1"), (�)0"  ,%" *%� 1�1* �" Fi  �� shape functions 


 kurtosisDB -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� B 

-* 1)� ��' ��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! B ($���$! �(,%� 

�&��)1�10 '�1" ,� �$�,*%(�' � 1"), (�)0"  ,%" *%� 1�1* �" Fi  �� shape functions 


 kurtosisDF -> �  �+!  �" /-) �*�" ��'  , *%�$%�*+' local & global  �" ���!" * � ��*� F 

-* 1)� ��' ��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! F ($���$! �(,%� 

�&��)1�10 '�1" ,� �$�,*%(�' � 1"), (�)0"  ,%" *%� 1�1* �" Fi  �� shape functions 
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 kurtosisDA_CDE -> �  �+!  �" /-) �*�" ��'  �� ���! A (local + global) -* 1)� ��' 

��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! A ($���$! �(,%� �&��)1�10 '�1" ,� 

�$�,*%(�' � 1"), ��� /#�1  ,�,�� �*�  �� *�+10�� C, D /�� E 


 kurtosisDB_CDE -> �  �+!  �" /-) �*�" ��'  �� ���! B (local + global) -* 1)� ��' 

��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! B ($���$! �(,%� �&��)1�10 '�1" ,� 

�$�,*%(�' � 1"), ��� /#�1  ,�,�� �*�  �� *�+10�� C, D /�� E 


 kurtosisFB_CDE -> �  �+!  �" /-) �*�" ��'  �� ���! F (local + global) -* 1)� ��' 

��,$��+')&�*�  ,% *!+� ," �,% �),/-� 1� ��'  �� ���! F ($���$! �(,%� �&��)1�10 '�1" ,� 

�$�,*%(�' � 1"), ��� /#�1  ,�,�� �*�  �� *�+10�� C, D /�� E 

  

 

6.6.1 "�����
 ������ ������� C 	�� D 

 

 

 �
�� 6.35 1�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C,D /�� E (3 local modes & 1 global frequency) 

 

 

�/,�,%�,-� ���  �" �),*,+,��+��1" ��#�1", ,� �� 0* ,�(1"  �+�"  �" /-) �*�" �,% �),/-� ,%� ��' 

 ,� /����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% ()�*�+,�,�!��/�� (�0��/�" 6.22). 

	�+1�.�,� �� ,� �/'�,%�1" �1)�� .*1�" $��(�)�*+,-: 

1. ��)0" (),��/' ��)#�%),, ��)0" ��,$��+')&�*�: 	-�/)�*�  �� kurtosis, kurtosis  /�� kurtosis 

2. �1 (),��/' ��)#�%),, ��)0" ��,$��+')&�*� 

3. �1 (),��/' ��)#�%),, �1 ��,$��+')&�*� 

4. ��)0" (),��/' ��)#�%),, �1 ��,$��+')&�*�: 	-�/)�*�  �� kurtosis, kurtosis /�� kurtosis 

 

 



 147 

!���	�� 6.22  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 1�  ,�,�� �*�  �� ��*�� !)�� (3 local modes & 1 global 
frequency) 

�1)0� �*� 
���(�)�*+,- 

��+�"  �" /-) �*�" �,% 
*%�/)0�,� �� +1  �" �� 0* ,�(1" 

 �� �1 ,��2 

�/ �+!*1�"  �� 
$��(�)�*+���� 
*�+# �� ��# 

���! 

Infomax 
kurtosis 

of 
unmixed 

ICA Fixed Point 
kurtosis of 
unmixed 

PearsonICA 
kurtosis of 
unmixed 

Parra Temporal 
Predictability 

kurtosis of 
unmixed 

        

kurtosisA 9.0892 

kurtosisA_CDE 11.2002 
A 3.6925 3.5787 3.6921 3.5278 

kurtosisB 34.6536 

kurtosisB_CDE 34.4837 
B 16.2928 16.6756 16.3182 16.0516 

kurtosisF 17.6585 

1 

kurtosisF_CDE 12.2272 
F 7.1955 7.0037 7.1719 7.1863 

kurtosisA 9.0892 

kurtosisA_CDE 11.2002 
A 10.6567 10.1103 10.6187 10.1686 

kurtosisB 34.6536 

kurtosisB_CDE 34.4837 
B 34.1180 35.7328 33.9574 33.3699 

kurtosisF 17.6585 

2 

kurtosisF_CDE 12.2272 
F 16.8050 16.2572 16.8577 16.8715 

kurtosisDA 5.9777 

kurtosisDA_CDE 9.0052 
A 7.3905 7.2794 7.3596 9.3170 

kurtosisDB 16.9652 

kurtosisDB_CDE 17.5403 
B 27.9670 27.8114 27.9625 12.6732* 

kurtosisDF 12.8348 

3 

kurtosisDF_CDE 8.5280 
F 12.3874 12.4550 12.3828 12.0223 

kurtosisDA 5.9777 

kurtosisDA_CDE 9.0052 
A 2.1358 2.1107 2.0837 2.5956 

kurtosisDB 16.9652 

kurtosisDB_CDE 17.5403 
B 13.0060 13.1078 11.6484 6.2879* 

kurtosisDF 12.8348 

4 

kurtosisDF_CDE 8.5280 
F 4.1871 4.2088 3.5899 3.9836 

 

* � ���')��+," $1� �)��+� ,�,0�*1 *�* #  �� ��,$��+')&�*�, �/'+� /�� -* 1)� ��' 1/ 1 �+��1" 

1�����!41�". 
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:��" &�0�1 �� /�� ��'  ,� ��)��#�� �0��/�, � +,��$�/! �1)0� �*� '�,% +�,)10 �� 

�)��+� ,�,���10 *-�/)�*�  ��  �+.�  �" /-) �*�" �&,)#  �� �1)0� �*� '�,% �0�1 �� ()!*�  ,% 

(),��/,- ��)��-),%. 	1 �% !  �� �1)0� �*� +�,)10 �� �)��+� ,�,���10 *-�/)�*�  '*,  ��  �+.� 

kurtosisA, kurtosisB, kurtosisF ( � ����0� *!+� � (�)0"  ,%" *%� 1�1* �" Fi), '*, /��  ��  �+.� 

kurtosisA_CDE, kurtosisB_CDE, kurtosisF_CDE ( � *!+� � '��" ��)� �),-� �� /�� ��'  ,%" 3 

��*�� !)1"  �� *�+10�� C, D /�� E), +1  �" �� 0* ,�(1"  �+�" kurtosis  �� ���')��+�� $��(�)�*+,-. 

���  �" %�'�,��1" �1)�� .*1�" (1, 3 /�� 4) $1� +�,)10 �� �)��+� ,�,���10 �� �/1�+1��/! *-�/)�*� /�� 

*%�1�." $1� +�,),-� �� 12�(�,-� �2�'��* � *%+�1)#*+� �. 

��� ,�  �**1)�" ���')��+,� $��(�)�*+,- ���  � 2� �1)0� �*� $��(�)�*+,- (+1 (),��/' ��)#�%),, 

(�)0" ��,$��+')&�*�) �$�*��  �+�" /-) �*�" �,% �)0*/,� �� /,� # * �" �� 0* ,�(1"  �+�" kurtosis 

 �� �)(�/.� ����0�� *�+# ��. ��)'�� �% # �)��1� �� ���&1)�10 ' � /�����" ���')��+," $1� 

/� #&1)1 �� $��(�)0*1� 1� 1�."  � *%�$%�*+��� *!+� �.  

��, *%�/1/)�+���, �% ' �,% ��)� �)!��/1 ��'  � �,�, �/# ��, 1��*+� � $��(�)�*+,- 

(/%+� ,+,)&�" /�� &#*+� �  �� $��(�)�*+���� *�+# ��), *1 '�,%"  ,%" ���')��+,%", ��'  �� 

12� �*�  �� &�*+# ��  �� $��(�)�*+���� *�+# �� (�.(. *(!+� 6.37), &�0�1 �� ' � �(1� �0�1� �,�- 

/��'" $��(�)�*+'"  �� *%�$%�*+���� *�+# ��. :+�", �� ��)� �)��,-� /�� ,� /%+� ,+,)&�"  �� 

$��(�)�*+���� *�+# �� (�.(. *(!+� 6.36), &�0�1 �� 21/#��)� ' � * � $��(�)�*+��� *!+� �  �" 

/#�1 ���!", %�#)(1� /�� ��� +�/)' +�),"  ,% *!+� ," 1�'" 1/  �� #���� ���.�  , ,�,0, �(1� 

“�1)#*1�” * �� 1/ 0+�*� $��(�)�*+,-  ,% *!+� ,"  �" 1/#* , 1  ���!". ��)#  � �1�,�'" ' � 

“�1)�#1�” +�/)' +�),"  ,% *!+� ," * �� 1/ 0+�*�  ,% /��1�'" ��'  � $��(�)�*+��� *!+� �  �� 

���.�, �1�)10 �� ' � , $��(�)�*+'" 10��� �/��,�,�� �/'". �% ' *%+��0�1� ��� 0 '��" ���&�)��/1 /�� 

�),��,%+���" $1� %�#)(1� � $%�� ' � � +1 �/0��*�"  �� *�+10�� C, D /�� E, ��� 0 *1 �% !  �� 

�1)0� �*� $1� +�,)10 �� �)��+� ,�,���10 $��(�)�*+'"  �� *%�$%�*+���� *�+# �� ��' /������ 

���')��+, $��(�)�*+,-. 

�/,�,%�,-� *(!+� � +1  �" /%+� ,+,)&�" /��  � &#*+� �  �� $��(�)�*+���� *�+# �� (*(!+� � 

6.36 /�� 6.37) ���  �� �1)0� �*� �,% ()�*�+,�,�10 �� (),��/' ��)#�%),, (�)0" ��,$��+')&�*�, ��' 

 ,� ���')��+, Infomax, �),/1�+��,% �� $�/��,�,���10 � �),��,-+1�� ��)� !)�*�. 
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 �
�� 6.36 �%+� ,+,)&�"  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 1�  ,�,�� �*� 
 �� ��*�� !)�� ((�)0" ��,$��+')&�*�, +1 (),��/' ��)#�%),) 

 

 

 �
�� 6.37 7#*+� �  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 1�  ,�,�� �*�  �� 
��*�� !)�� ((�)0" ��,$��+')&�*�, +1 (),��/' ��)#�%),) 
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��, ����% �/#: 


 � ���')��+," Infomax ���  �� 1�  ,�,�� �*�  �� ��*�� !)�� * � *�+10� C, D /�� E (+1 (),��/' 

��)#�%),, (�)0" ��,$��+')&�*�) '�,% �)��+� ,�,�10 �� � *-�/)�*�, ()1�#* �/1 �� 1/ 1�1* 10 

+'��" +0� &,)# ��� �� $.*1� ��, 1��*+� �  �+.� kurtosis �,% 10��� /,� # * �"  �+�" kurtosis  �� 

�)(�/.� *�+# ��. ���&,)�/# +1  �" #��1" �1)�� .*1�" $��(�)�*+,- ($���$! (�)0" (),��/' 

��)#�%),, +1 (),��/' ��)#�%), – +1 ��,$��+')&�*�, (�)0" (),��/' ��)#�%), – +1 

��,$��+')&�*�), ,�  �+�" kurtosis 10��� /,� # +1  ,%" ���')��+,%" ICA Fixed Point /�� 

PearsonICA. 


 � ���')��+," ICA Fixed Point $���� 1�  )1�" 1���,��" �)��  ,� %�,�,��*+'  ,% demixing �0��/�. 

Select non-quadratic function G 

1:cosh, 2:exp, 3:power(kurt) 

value=  ... 

�$. 1�����1 �� /#�1 &,)# �  �+! �,% $0�1�  � /��- 1)� ��, 1��*+� � * �"  �+�"  �" /-) �*�" 

 �� $��(�)�*+���� *�+# �� *1 *(�*� +1  � �)(�/# ����0� *!+� �. 

:��" ��)� �)!��/1 ���  �" �1)�� .*1�" , ���')��+," ICA Fixed Point �$�*1 /��- 1)� 

��, 1��*+� � (���  � 2� �1)0� �*� $��(�)�*+,- – +1 (),��/' ��)#�%),, (�)0" ��,$��+')&�*� 

– '�,% /�� 121 #31 ��) ��� value=3. ��� value=2 , ICA �),/1�+��,% �� $.*1� /��# 

��, 1��*+� �, ()1�#* �/1 �� 1/ 1�1* 10 �)/1 �" &,)�", 1�. ��� value=1 $1� +�,)10 �� 

$��(�)0*1�  � *!+� �. 

���&,)�/# +1  �" #��1" �1)�� .*1�" $��(�)�*+,-, ,�  �+�" /-) �*�"  ,% ICA ! �� /,� # +1  �" 

�� 0* ,�(1"  �� ���')��+�� Infomax /�� PearsonICA, ��� value=3. 


 � ���')��+," PearsonICA (���  � 2� �1)0� �*� $��(�)�*+,-) �),/1�+��,% �� $.*1�  � /��- 1)� 

$%�� # ��, 1��*+� �, ()1�#* �/1 �� 1/ 1�1* 10 �)/1 �" &,)�". ��0*�", �)��1� �� *�+1���10 ' � 

*1 ,)�*+��1" �1)�� .*1�" /�� ��)#  , �1�,�'" ' � ,�  �+�"  �" /-) �*�"  �� $��(�)�*+���� 

*�+# �� ! �� /,� # +1  �" �� 0* ,�(1"  �� ����0�� *�+# ��, ,� /%+� ,+,)&�"  �� 

��,$��+,)&�+���� $��(�)�*+���� *�+# ��, 1+&��03,� �� +1  �" /,)%&�" �),"  � /# �. ��� 

�#��, +1 # ��' �)/1 �" 1�����!41�", 1+&��03,� �� ,� /%+� ,+,)&�" +1  �" /,)%&�" �),"  � 

�#��. ���&,)�/# +1  �" %�'�,��1" �1)�� .*1�" $��(�)�*+,-, ,�  �+�" kurtosis  ,% Pearson 10��� 

/,� # +1  �" �� 0* ,�(1"  �+�"  �� ���')��+�� Infomax /�� ICA Fixed Point. 


 � ���')��+," Parra Temporal Predictability ���  �� 2� �1)0� �*� $��(�)�*+,- '�,% /�� 

121 #31 ��, �$�*1 /���"  �+�" /-) �*�" /,� # * �" �)(�/�"  �+�"  �� ����0�� *�+# ��. 

���&,)�/# +1  �" %�'�,��1" �1)�� .*1�" $��(�)�*+,-, ���(1� �,�- ��'  ,%" %�'�,��,%" 

���')��+,%" /�� +#��* � $1� +�,)10 �� �)��+� ,�,�!*1� �#� � ��,$��+')&�*�  �� *�+# ��. 

 

:��" ���&�)��/1 �),��,%+���" , ���')��+," Parra Temporal Predictability $0�1� /���"  �+�" 

/-) �*�" (���  � 2� �1)0� �*� $��(�)�*+,-), ���# ���(,%� ��'  �"  �+�" /-) �*�"  �� %�'�,���� 

���,)0�+�� $��(�)�*+,-. �� ���')��+,� ICA Fixed Point /�� PearsonICA $0�,%� /���"  �+�" 

/-) �*�", ���# ��� �� 1�� 1%(�10 �% ', ()1�#3,� �� �)/1 �" 1�����!41�"  ,% /#�1 ���')��+,%. 
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�1 �#*� '���  �� �),��,-+1��� ��)� �)!*1��, +�,)10 �� 12�(�10  , *%+��)�*+� ' � , 

���')��+," Infomax, 10��� , /� �����' 1)," ���  , $��(�)�*+' *�+# �� ��'  )1�" ����", ,� ,�,01" 

$�1�10),%� +0� global �$�,*%(�' � �. 

 

���,", ��),%*�#3,� �� /��  � ��, 1��*+� � $��(�)�*+,-, ��� +0� 2�  ,�,�� �*�  �� *�+10�� C, D 

/�� E, '�,%  � *�+10� C /�� D �(,%� ��,+�/)%��10 ��'  �" ����", 1�.  , *�+10, E ��)�+1��1 

* ��1)'. � �'�," �,% ��),%*�#31 �� �% ! �  ,�,�� �*�  �� *�+10��, 10��� ��� �� $1�(�10 ' � ��)�� 

 �" 1�"  ,�,�� �*�", ,� ���')��+,� $1� 10��� *1 ��*� �� $��(�)0*,%� �/��,�,�� �/#  � *!+� �. �% ' 

,&10�1 ��, * � Mode Shape functions �,% ()�*�+,�,�,-� �� ���  �� �1)0� �*� �,% %�#)(,%� 3 Local 

����", * �� ��),-*� 1)��*0�. 

 

 

  �
�� 6.38 2�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C,D /�� E (3 local modes & 1 global frequency) 

 

 

�/,�,%�10 ���  �" �),*,+,��+��1" ��#�1", ,� �� 0* ,�(1"  �+�"  �" kurtosis �,% �),/-� ,%� ��'  ,� 

/����� ��'  ,%" ���')��+,%" $��(�)�*+,- �,% ()�*�+,�,�!��/�� (�0��/�" 6.23). 
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!���	�� 6.23  

��, 1��*+� � ���,)0�+�� $��(�)�*+,- ���  �� 2�  ,�,�� �*�  �� ��*�� !)�� (3 local modes & 1 global 
frequency) 

�1)0� �*� 
���(�)�*+,- 

��+�"  �" /-) �*�" �,% 
*%�/)0�,� �� +1  �" �� 0* ,�(1" 

 �� �1 ,��2 

�/ �+!*1�"  �� 
$��(�)�*+���� 
*�+# �� ��# 

���! 

Infomax 
kurtosis of 
unmixed 

ICA Fixed 
Point kurtosis 
of unmixed 

PearsonICA 
kurtosis of 
unmixed 

Parra Temporal 
Predictability 

kurtosis of 
unmixed 

        

kurtosisA 9.0892 

kurtosisA_CDE 13.6724 
A 7.3439* 4.0822* 7.3859* 2.5968* 

kurtosisB 34.6536 

kurtosisB_CDE 21.3664 
B 8.7226* 6.2326* 8.5594* 6.5530* 

kurtosisF 17.6585 

1 

kurtosisF_CDE 9.9468 
F 6.6792 6.7144 6.6009 5.5460 

kurtosisA 9.0892 

kurtosisA_CDE 13.6724 
A 18.1945* 12.0960* 17.7998* 7.8491* 

kurtosisB 34.6536 

kurtosisB_CDE 21.3664 
B 19.4568* 17.7892* 19.5165* 16.8526* 

kurtosisF 17.6585 

2 

kurtosisF_CDE 9.9468 
F 15.5317 15.7367 15.7446 12.9388 

kurtosisDA 5.9777 

kurtosisDA_CDE 10.7308 
A 10.3820* 10.2511* 10.3715* 6.9348** 

kurtosisDB 16.9652 

kurtosisDB_CDE 12.8154 
B 15.1107* 15.6775* 15.2441* 9.9492** 

kurtosisDF 12.8348 

3 

kurtosisDF_CDE 6.0932 
F 17.5102 16.0606 17.3234 14.7238 

kurtosisDA 5.9777 

kurtosisDA_CDE 10.7308 
A 3.1360* 3.6248* 3.6409** 1.5186** 

kurtosisDB 16.9652 

kurtosisDB_CDE 12.8154 
B 6.6578* 6.9362* 3.9583** 4.5503** 

kurtosisDF 12.8348 

4 

kurtosisDF_CDE 6.0932 
F 7.2996 5.1227 7.5319 6.2155 

 

* �� *!+� � ��'  �" ����" * �" ��*1�" A /�� B $1� $��(�)0* �/��. 

** 	 � *!+� � $1� +�')1*�� �� $��(�)�* ,-� /�� ,- 1 /�� �� �)��+� ,�,���10 ��,$��+')&�*� 

 

:��" ��)� �)10 �� ��'  �"  �+�"  �" /-) �*�"  �� $��(�)�*+���� *�+# �� *%�/)��'+1�1" +1  �" 

�� 0* ,�(1"  �� ����0�� *�+# ��,  , +,��$�/' *!+� �,% &�0�1 �� �� $��(�)031 �� �/��,�,�� �/#, 

�),�)(1 �� ��'  , ),%�1+#� �,% 1$)#31 �� * � ��*� F. �� ��� �" ���  � #��� $-, ),%�1+#�, $1� 

+�,)10 �� �0�1� *1 /�+0� ��'  �" 4 �1)�� .*1�" , $��(�)�*+'"  �� �� 0* ,�(�� *�+# ��  ,%", ��' 

/������ ���')��+, /�� *1 ,)�*+��1" �1)�� .*1�" $1� +�,)10 �� �)��+� ,�,���10 ,- 1 � 

��,$��+')&�*�. 
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�% ' ,&10�1 ��, '��" ���&�)��/1 /�� �),��,%+���" * � +1 �/0��*� (��,+#/)%�*�)  �� *�+10�� C 

/�� D, /�� * �" shape functions, '�,% +1 +1 �/0��*�  �� *�+10�� C /�� D ���  ,%" *%� 1�1* �" Fi 

 �� shape functions $1� �*(-,%� ,� *(�*1�" 3C2C1C F,FF �  /�� 3D1D2D F,FF � , ���# 3C1C FF =  /�� 

3D2D FF = , $���$! *1 '�,%"  ,%" ��*�� !)1" ( �� *�+10�� C, D /�� �) %�1)�(1�  , *!+� �,% 

�),�)(1 �� ��'  �� ���! * � ��*� F, ��)���#3,� �" � *�  � �,��/! /� �*/1%!"  �� shape functions, 

'�,% *1 /#�1 ��*�� !)� �� %�1)�(1�  , *!+� +0�" 1/  �� ���.�. 

 

�/,�,%�,-�  � *(!+� � 6.39 /�� 6.40 �,% ��),%*�#3,%�  �" /%+� ,+,)&�" /��  � &#*+� �  �� 

$��(�)�*+���� *�+# �� ���  �� �1)0� �*� �,% ()�*�+,�,�10 �� (),��/' ��)#�%),, (�)0" 

��,$��+')&�*�, ��'  ,� ���')��+, Infomax, �),/1�+��,% �� $�/��,�,���10 � �),��,-+1�� 

��)� !)�*�. 

 

 

 

 �
�� 6.39 �%+� ,+,)&�"  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 2�  ,�,�� �*� 
 �� ��*�� !)�� ((�)0" ��,$��+')&�*�, +1 (),��/' ��)#�%),) 

 

 

 

 

(a) 

(b) 

(c) 
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 �
�� 6.40 7#*+� �  �� “$��(�)�*+����” *�+# �� /� #  ,� ���')��+, Infomax ���  �� 2�  ,�,�� �*�  �� 
��*�� !)�� ((�)0" ��,$��+')&�*�, +1 (),��/' ��)#�%),) 

 
 

�)#�+� �, 121 #3,� �"  � *(!+� � 6.39 /�� 6.40, &�0�1 �� ' �  , *!+� �,% �),�)(1 �� ��'  ,� 

��*&��),  )���� �,% 1$)#31 �� * � ��*� F, $��(�)031 �� /��#. :+�"  � %�'�,��� $-, *!+� � �,% 

�),�)(,� �� ��'  ,%" ��*&��),%"  )��10" * �" ��*1�" A /�� B, $1� $��(�)03,� �� /�� +#��* � '��" 

&�0�1 �� /�� ��'  � *(!+� � 6.39a, 6.39b, 6.40a /�� 6.40b, '(� +'�, $1� �(1� �0�1� $��(�)�*+'"  �� 

*�+# ��  �� ��*1�� A /�� B, ���# 1+&��031 �� �/)��."  , 0$�, *%�$%�*+��, *!+�, �" 

$��(�)�*+��, *!+� U1 ($���$! $��(�)�*+��, *!+� �,% �),�)(1 �� ��'  �� ���! ��#��"  �" ��*�" 

A) /�� �" $��(�)�*+��, *!+� U2 ($���$! $��(�)�*+��, *!+� �,% �),�)(1 �� ��'  �� ���! ��#��" 

 �" ��*�" B). 

��,$1�/�-1 �� �,��'�, ' � ���  � $1$,+��� Mode Shape /�� 3 ����" �,% $�1�10),%� +0� global 

�$�,*%(�' � �, +'�, +0�  ,�,�� �*�  �� ��*�� !)�� +�,)10 �� $.*1� /��# ��, 1��*+� � 

$��(�)�*+,-. 

��� 1$., '��" /�� *1 '�1"  �" �),��,-+1�1" �1)�� .*1�" (2 local modes, 2 local modes & 1 global 

frequency, 3 local modes), 12#�1 ��  , *%+��)�*+�, ' � � �,�' � �  ,% $��(�)�*+,- 10��� #+1*� 

12�) �+���  '*, ��'  , ()�*�+,�,�,-+1�, Mode Shape, '*, /�� ��'  �" ��*1�" * �" ,�,01" 

 ,�,�1 ,-� �� ,� ��*�� !)1" ���  �� /� ��)�&!  �� *%�$%�*+���� *�+# ��. 

 

 

6.7 3���� � ������,��� Infomax ������7�� ��� ����� 

 

	 �� ��),-*� 1�' � � �� +1�1 ��,-� ,� �'�,� ���  ,%" ,�,0,%" , ���')��+," Infomax 10��� *1 ��*� 

�� 1� ,�031� �#� �  �" ����" ��'  �" ,�,01" �),�)(,� ��  � $��(�)�*+��� *!+� �, ��12�) ! �" 

*1�)#" &') �*�"  �� *%�$%�*+���� *�+# ��, *1 �� 0�1*� +1  ,%" %�'�,��,%" ���')��+,%" 

(a) 

(b) 

(c) 
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$��(�)�*+,- (ICA Fixed Point, PearsonICA /�� Parra Temporal Predictability) ,� ,�,0,� $1� +�,),-� 

�� 1� ,�0*,%�  �" ����"  �� $��(�)�*+���� *�+# ��. 

���  ,� */,�' �% ', 121 #31 �� � �1)0� �*� ( , 0$�, *%+��0�1� /�� ��� 2 local ����", ! ��� ����" �,% 

$�1�10),%� /�� +0� global �$�,*%(�' � �), '�,% %�#)(,%�  )1�" local ����" * �" ��*1�" A, B /�� F, 

'�,% * � ��*� A 1$)#31 �� ),%�1+#� +1 &�,)# * ,� 12� 1)�/' $�/ -��, (BPFO) +1 �$�,*%(�' � � 

fn1=1000Hz /�� * � ��*� B 1$)#31 �� ),%�1+#� +1 &�,)# * ,� 12� 1)�/' $�/ -��, (BPFO) +1 

�$�,*%(�' � � fn2=2000Hz /�� * � ��*� F 1$)#31 �� ),%�1+#� +1 &�,)# * ,� 1*� 1)�/' $�/ -��, 

(BPFI) +1 �$�,*%(�' � � fn3=1500Hz.  

� *1�)# &') �*�"  �� *�+# �� 10��� x1 -> BPFO ( �" ��*�" A), x2 -> BPFO ( �" ��*�" B) /�� x3 -> 

BPFI ( �" ��*�" F). 	%�1�." +1 #  , $��(�)�*+'  �� *%�$%�*+���� *�+# ��, ���" ���')��+," 

+�,)10 �� 1� ,�0*1�  �" ����", 1#� $��(�)0*1�  � *!+� � +1 *1�)# 1+&#��*!"  ,%": U1 -> 

$��(�)�*+��, *!+� +1 *%(�' � � BPFO /�� �$�,*%(�' � � fn1, U2 -> $��(�)�*+��, *!+� +1 

*%(�' � � BPFO /�� �$�,*%(�' � � fn2 /�� u3 -> $��(�)�*+��, *!+� +1 *%(�' � � BPFI /�� 

�$�,*%(�' � � fn3. 

�  ,�,�� �*�  �� ��*1�� �,% 1$)#3,� �� ,� ��*&��),�  )��10" /��." /��  � *�+10� C, D /�� E (* � 

,�,0� 1$)#3,� �� ,� ��*�� !)1") ��),%*�#3,� �� * , *(!+� �,% �/,�,%�10. 

 

 

 �
�� 6.41 �,�,�1 !*1�"  �� ),%�1+#� * �" ��*1�" A, B, F, /��  ,�,�1 !*1�"  �� ��*�� !)�� * �" ��*1�" C, D 
/�� E 

 

:��" 10��� ���* ', * ,�  %&�' $��(�)�*+' *�+# �� – ���.� (BSS),  � *!+� � +0�" ,+#$�" N 

����0�� *�+# �� � � � � � �� �ts,...,ts,ts N21�s  *%�$%#3,� ��-���+1���-,� �� (mixed) +1 �2-  ,%" +1 

()!*� 1�'" #���* ,% *%�$%�*+��,% �0��/� (mixing matrix) A , ��)#�,� �" +0� ,+#$� ��' 

��)� �),-+1�� *%�$%�*+��� *!+� � � � � � � �� �t,...,xt,xtx N11�x . 	/,�'"  �" BSS 10��� � ��#/ �*� 

����0�� *�+# �� S , �(,� �" ���* # +'�,  � ��)� �),-+1�� *%�$%�*+��� *!+� � (observed 
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signals) x  /�� (�)0" �� %�#)(1� /#�,�� ��.*� (! �� %�#)(1� 1�#(�* � ��.*�)  �� ����0�� *�+# �� 

s /��  ,% *%�$%�*+��,% �0��/� A . 

Asx �                 (6.18) 

 

� BSS ��� �� +�,)�*1� �� /#�1�  , $��(�)�*+'  �� *%�$%�*+���� *�+# �� * � �)(�/# ����0� 

*!+� �, �)��1� �� �)1� ����  1 )�����/' �0��/� W . � �0��/�" W  ��, 1�10 * �� �)��+� �/' � � 

+0� �� �+1 #�1*� (permutation) /�� �����! * �� /�0+�/�  ,% �� 0* ),&,%  ,% #���* ,% 

*%�$%�*+��,% �0��/� A . 

�&,- �(1� �)1�10 /�� , �0��/�" W , +�,)10 �� %�,�,��* 10  , $�#�%*+�  �� $��(�)�*+���� *�+# �� 

� � � � � �� �tu,...,tu,tu n21�u  , *-+&��� +1  �� �/'�,%�� *(�*�: 

 

Wxu �                 (6.19) 

 

� �/��' � �  �� ���')��+�� $��(�)�*+,- �� 1� ,�03,%� /��  �" �� 0* ,�(1" ����"  �� 

$��(�)�*+���� *�+# ��, ,&10�1 �� * ,�  )'�, +1  ,� ,�,0, �(1� ,)�* 10 �)(�/# /�� ()�*�+,�,�10 �� 

* � *%��(1�� , (decorelating ! demixing matrix) �0��/�" W. 

�  )'�," +1  ,� ,�,0, �(1� �)(�/,�,���10 , �0��/�" W, ��, 1�10 /��  �� 1�$,�,�' $��&,)#, �,% 

/���* # �/��'  ,� ���')��+, Infomax �� 1� ,�031� /��  �" �� 0* ,�(1" ����"  �� $��(�)�*+���� 

*�+# ��, *1 �� 0�1*� +1  ,%" %�'�,��,%" 3 ���')��+,%" $��(�)�*+,-. 

�)(�/#, �� $1�(�10 ��� ��, �'�, , ���')��+," Infomax 10��� *1 ��*� �� 1� ,�031�  �" ����"  �� 

$��(�)�*+���� *�+# ��, ��12�) ! �"  �" *1�)#" &') �*�"  ,%". 

	 � *%��(1��, �� +1�1 ��10  , �." �)(�/,�,�10 �� , �� 0* ,�(," �0��/�" W ��� /#�1 ���')��+, 

$��(�)�*+,-. ����),*�� �", �� �0�1� �����!  �" �)(�/,�,0�*�"  ,% �0��/� W ���  ,%" ���')��+,%" 

Infomax /�� ICA Fixed Point (,  )'�," +1  ,� ,�,0, �)(�/,�,�10 �� , �0��/�" $��(�)�*+,- ���  ,%" 

���')��+,%" PearsonICA /�� Parra Temporal Predictability $1� 1�� )��1�  �� �����!  �" 

�)(�/,�,0�*!"  ,%), .* 1 �� 121 �* 10, 1#� +1 $��&,)1 �/! �)(�/,�,0�*� 12�/,�,%�10 , ���')��+," 

Infomax �� 1� ,�0*1�  �" ����" ! �� 12�/,�,%�10 �� $��(�)031� /��  � *%�$%�*+��� *!+� � /�� �� , 

���')��+," ICA +�,)10 �� 1� ,�0*1�  �" ����".  

:��" �),���&�)��/1 , ���')��+," Infomax �(1�  �� �/��' � � �� 1� ,�031�  �" ����"  �� 

$��(�)�*+���� *�+# ��, ��12�) ! �"  �" *1�)#" &') �*�"  �� *�+# ��. �% ' ,&10�1 �� * ,� 

�0��/� W, , ,�,0," ��� /#�1 �1)0� �*� �),*,+,��+���� *�+# �� �(1� * ��1)�" ��*1�" ���  �" 

+���* 1"  �+�"  ,% * � $���.��,. �% ' �(1� �" 1��/'�,%�,, �� +�,)10 �� 1� ,��* 10 � ���!  ,% 

$��(�)�*+��,% *!+� ,", �&,- ��� /#�1 *%�$%�*+��, *!+� �� %�1)�(1� ��� ��'  � *!+� � /�� � 

�� 0* ,�(� ���! ��'  �� ,�,0� �),/��10 ��  , *!+�. 

� ��)� !)�*� �% ! ��,$1�/�-1 �� +1 ()!*�  ,% *(!+� ," �,% �/,�,%�10. 
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 �
�� 6.42 �,�,�� �*�  �� ���.� ��#��" (s1, s2, s3) * �" ��*1�" A, B, F,  ,�,�� �*�  �� ��*�� !)�� * �" 
��*1�" C, D, E. �� *!+� � x1, x2, x3, ��, 1�,-� *%�$%�*+,-"  �� *�+# ��  ��  )�.� ���.� 
��#��" �,% �(,%� /� ��)�&10 ��'  ,%" ��*�� !)1" * �" ��*1�" C, D /�� E �� 0* ,�(� 

 

	 , *(!+� 6.42, ��),%*�#31 �� ,  )'�," +1  ,� ,�,0, �(,%�  ,�,�1 ��10 ,� ����" ��#��" s1, s2, s3 

* �" ��*1�" A, B /�� F ($���$! ,� ��*&��),�  )��10" �,% &�),%� &�,)#), �  ,�,�� �*�  �� *�+10�� 

C, D /�� E ('�,% 1$)#3,� �� ,� ��*�� !)1"), /��." /��  � ��)� �),-+1�� *!+� � x1, x2 /�� x3, 

'��" �),/-� ,%� ��'  ,%" ��*�� !)1". 

�� #  �� ��,$��+')&�*�  ���  ,� ���')��+, Infomax � *(�*� (6.19)  � $��(�)�*+��� *!+� � 

��0)�,%�  �� ��)�/# � +,)&!: 
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:��" &�0�1 �� ��'  �" �),��,-+1�1" *(�*1�", �/'+� /�� * �� �1)0� �*� �,% ���#21� � *1�)# 

&') �*�"  �� *�+# ��, �.(. 
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111

333

xxx

xxx

xxx

x  /�� �#�� , ���')��+," Infomax +�,)10 �� 

1� ,�0*1�  �� ���!  ,% 1/#* , 1 $��(�)�*+��,% *!+� ," /��  � $��(�)�*+��� *!+� � �� �(,%�  �� 

+,)&!: 

decorelating 
matrix W 

� �0��/�" x +1  � ��)� �),-+1�� 
*!+� �, +1  � %�,&���'+1�� *1�)# 
&') �*�" 
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�u  

 

�% ' *%+��0�1�, ���  , �'�, ' � , �0��/�" W �(1� �#� � (���  ,� ���')��+, Infomax) * ��1)! +,)&! 

+1  � +���* #  ,% �� �)0*/,� �� * �� /-)�� $���.��,. 

 

���  ,%" %�'�,��,%" ���')��+,%" (ICA Fixed Point, PearsonICA, Parra Temporal Predictability), $1� 

*%+��0�1�  , 0$�, +1  ,� �0��/� W, �� ��� �" ��� /#�1 �1)0� �*� �),*,+,��+���� *�+# ��, �/'+� 

/�� ��� 1���#��4� $��(�)�*+,- ���  � 0$�� �),*,+,��+��� *!+� �, , �0��/�" W, ��� �% ,-"  ,%" 3 

���')��+,%" $1� �(1� * ��1)! +,)&! ���&,)�/# +1  � +���* �, ���#  � +���* #  ,%, �)0*/,� �� /#�1 

&,)# /�� *1 $��&,)1 �/! ��*�. �2�� 0�" �% !"  �" *%+�1)�&,)#"  ,% �0��/� W, ,� ���')��+,� �% ,0 

$1� 10��� *1 ��*� �� 1� ,�03,%�  �� ���!  ,% /��1�'" ��'  � $��(�)�*+��� *!+� �. 

�% ! � *%+�1)�&,)# ,&10�1 �� * ,�  )'�, +1  ,� ,�,0, �(1� ,)�* 10 , �0��/�" W ��� /#�1 ���� ��' 

�% ,-"  ,%" 3 ���')��+,%". 

	 , 1�'+1�, �!+�  �" +1�� �" �% !", �� 121 �* 10 ,  )'�," �)(�/,�,0�*�"  �� ���#/�� W ��� /#�1 

���� ��'  ,%" ���')��+,%". 

 

O ���')��+," Infomax /� #  �� �)(�/,�,0�*�  �� ��)�+� )��, �)(�/,�,�10  ,� �0��/� W, * ,� 

�0��/� eye(N), '�,% N  , ��!�,"  �� ���.�: eye(N)w � .  	 � *%��(1�� , �0��/�" W +1 ��#��1 �� 

+1 �#*�  �� ��)�/# � /��'��� 1/+#��*�": 


 � �� � wuuuutanhKBILdw ,%,�%,,�,�  


 dw_old;alphadwd_w ,��  


 d_w;dw_old�  


 d_www ��  

,d_w  , �),��,-+1�," �0��/�" W /��  , BI �)(�/,�,�10 �� /�� �% ' *1 eye(N). ���  � 

�),���&1)'+1�� �),*,+,��+��� *!+� �, ��),%*�#31 �� � �)(�/,�,0�*�  ,% �0��/� W, /��." /�� 

,�  �+�"  ,% ��,% �0��/� W, -* 1)� ��' $��&,)1 �/# �!+� �  �� /��'��� 1/+#��*�", /�� ,  1��/'" 

�0��/�" W +1 �#*�  ,� ,�,0, $��(�)03,� ��  � *%�$%�*+��� *!+� �. 

 

 

 

   

 

w_0 

1 0 0 

0 1 0 

0 0 1 

w_new 

0.3883 0.0040 -0.0944 

-0.0144 0.4090 -0.0387 

0.1049 0.0425 0.4007 

w_new 

0.3862 0.0039 -0.0959 

-0.0144 0.4087 -0.0390 

0.1041 0.0426 0.4044 

!���	�� 6.24a � �)(�/'" w_0 !���	�� 6.24b  !���	�� 6.24c  
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�% ' �,% ��)� �)10 �� /�� ���&�)��/1 /�� �),��,%+���", 10��� � * ��1)' � �  ,% �0��/� W ��� 

 ,� ���')��+, Infomax, ���&,)�/# +1  � ��*�  �� +���* ��, �,% '��" ��)� �)10 �� /�� ��'  ,%" 

 %(�0� 1���1�+��,%" �0��/1" W, /� #  � $��$�/�*0� 1/+#��*�",  � +���* � �)0*/,� �� �#� � * �� 

/-)�� $���.��,. �% ' �(1� �" ��, ��1*+�, , ���')��+," �� +�,)10 �� 1� ,�031�  �� ���! ���  , 

1/#* , 1 $��(�)�*+��, *!+�. 

�/,�,%�,-�  � *(!+� � 6.43 /�� 6.44 �,% ��),%*�#3,%�  �" /%+� ,+,)&�" /��  � &#*+� �  �� 

$��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax. 

 

 
 �
�� 6.43 �%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� #  ,� Infomax. � *1�)#  �� $��(�)�*+���� 

*�+# �� *%+&��10 +1  � *1�)# &') �*�"  �� �)(�/.� ����0�� *�+# �� (x1 � BPFO +1 fn1, x2 
� BPFO +1 fn2, x3 �BPFI +1 fn3). a) U1 � BPFO +1 �$�,*%(�' � � fn1, b) U2 � BPFO +1 
�$�,*%(�' � � fn2, c) U3 � BPFI +1 �$�,*%(�' � � fn3 

w_new 

0.3878 0.0043 -0.0958 

-0.0137 0.4020 -0.0384 

0.1044 0.0428 0.4089 

w_new 

0.3875 0.0048 -0.0971 

-0.0138 0.4128 -0.0399 

0.1026 0.0411 0.3989 

w_new 

0.3857 0.0035 -0.0962 

-0.0145 0.4092 -0.0380 

0.1037 0.0436 0.4038 

w_final 

0.3928 0.0030 -0.0997 

-0.0143 0.4075 -0.0385 

0.1003 0.0419 0.3985 

w_new 

0.3898 0.0037 -0.0987 

-0.0143 0.4095 -0.0402 

0.1016 0.0411 0.4019 

w_new 

0.3858 0.0037 -0.0975 

-0.0142 0.4063 -0.0397 

0.1030 0.0414 0.4075 

(a) 

(b) 

(c) 

!���	�� 6.24e  !���	�� 6.24f  !���	�� 6.24g  

!���	�� 6.24h  !���	�� 6.24i  !���	�� 6.24j �1��/'" w_final 
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 �
�� 6.44 7#*+� �  �� $��(�)�*+���� *�+# �� /� #  ,� Infomax. � *1�)#  �� &�*+# ��  �� 
$��(�)�*+���� *�+# �� *%+&��10 +1  � *1�)# &') �*�"  �� �)(�/.� ����0�� *�+# �� (x1 � 
BPFO +1 fn1, x2 � BPFO +1 fn2, x3 �BPFI +1 fn3). a) U1 � BPFO +1 �$�,*%(�' � � fn1, b) U2 
� BPFO +1 �$�,*%(�' � � fn2, c) U3 � BPFI +1 �$�,*%(�' � � fn3 

 

� ���')��+," ICA Fixed Point $�+�,%)�10 �)(�/#  ,� �0��/� *%�$%�*+,- (mixing matrix) Mix_A 

/��  ,� �)(�/,�,�10 (,+,0�" �)(�/,�,�10 �� /�� ,  �0��/�" $��(�)�*+,- W=Mix_A5) * ,� �0��/� 

zeros(Comp_No), '�,% Comp_No  , ��!�,"  �� ��12#) � �� ���.� �,% �)'/1� �� �� 

$��(�)�* ,-�: � � matrix mixingComp_NozerosMix_A .� , � � w_new;=comp:,Mix_A .  

�  )'�," +1  ,� ,�,0, $�+�,%)�10 �� , �0��/�" Mix_A, *(1 031 �� +1  , /� # �'*, � $��&,)#  �� 

$���%*+# �� w_new' /�� w_old  10��� 0*� +1 (if 1-abs(w_new'*w_old)<=0.0000001). �� �*(-1� � 

*%��!/�,  ' 1 $�+�,%)�10 �� , �0��/�" *%�$%�*+,-, $��&,)1 �/#, 2��#-%�,�,�03,� ��  ,� �0��/1" 

w_new' /�� w_old /�� %�,�,�031 �� 2��# � $��&,)#  ,%". �% ' *%�1(031 �� +�()� �� �)��+� ,�,���10 

� *%��!/�. �% ! � $��$�/�*0� �)��+� ,�,�10 �� 3 &,)�", +0� &,)# ��� /#�1 * !��  ,% �0��/� 

Mix_A, �),/1�+��,% �� *%+���)��,-� /�� ,� 3 * !�1"  ,% �0��/� *%�$%�*+,-. 

�&,- $�+�,%)���10 , �0��/�" *%�$%�*+,-, +�,)10 �� $�+�,%)���10 /�� , �0��/�" $��(�)�*+,-, �,% 

$1� 10��� #��," ��'  ,� �� 0* ),&,  ,% �0��/� *%�$%�*+,-: AMix_W %� . 

:��" ��)� �)10 �� � $��$�/�*0� $�+�,%)�0�"  ,% �0��/� $��(�)�*+,- * ,� ICA $��&�)1� *1 *(�*� 

+1  � $��$�/�*0�  ,% Infomax 

���  � �),���&1)'+1�� �),*,+,��+��� *!+� �, ��),%*�#31 �� � �)(�/,�,0�*�  ,% �0��/� W, 

/��." /�� ,�  �+�"  ,% ��,% �0��/� W, -* 1)� ��'  � $�+�,%)�0�  ,% �0��/� *%�$%�*+,- Mix_A, ��� 

5 $��&,)1 �/�" 1/ 1��*1�"  ,% ���')��+,% ICA Fixed Point 

 

 

(a) 

(b) 

(c) 
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:��" ��)� �)10 ��, -* 1)� ��' 5 $��&,)1 �/�" 1/ 1��*1�"  ,% ���')��+,% ICA Fixed Point (���  � 

0$�� �),*,+,��+��� *!+� �), , �0��/�" w $1� 10��� * ��1)'" �" �),"  ��  ,�,�� �*�  �� +1�0* �� 

 ,%, �)#�+� �,% $�/��,�,�10  , �1�,�'" ' � $1� 10��� *1 ��*� �� 1� ,�0*1�  �� ���! ���  , /#�1 ��� 

��'  � $��(�)�*+��� *!+� �. 

�/,�,%�,-�  � *(!+� � 6.45 /�� 6.46 �,% ��),%*�#3,%�  �" /%+� ,+,)&�" /��  � &#*+� �  �� 

$��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA Fixed Point. 

 

 

 �
�� 6.45 �%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� #  ,� ICA Fixed Point. � *1�)#  �� 
$��(�)�*+���� *�+# �� �� *%+&��10 +1  � *1�)# &') �*�"  �� �)(�/.� ����0�� *�+# �� (x1 � 
BPFO +1 fn1, x2 � BPFO +1 fn2, x3 �BPFI +1 fn3). a) U1 � BPFI +1 �$�,*%(�' � � fn3, b) U2 � 
BPFO +1 �$�,*%(�' � � fn1, c) U3 � BPFO +1 �$�,*%(�' � � fn2 

w_final 

0.3710 0.0244 0.9283 

-0.6240 -0.7338 0.2687 

0.6877 -0.6790 -0.2570 

w_final 

0.3691 0.0262 0.9290 

0.6240 0.7338 -0.2686 

-0.6888 0.6789 0.2545 

w_0 

0 0 0 

0 0 0 

0 0 0 

w_final 

0.6214 0.7230 -0.3019 

0.6686 -0.6902 -0.2767 

0.4085 0.0299 0.9123 

w_final 

-0.6143 -0.7330 0.2923 

0.3864 0.0435 0.9213 

0.6880 -0.6789 -0.2565 

w_final 

0.6213 0.7231 -0.3019 

0.3227 0.1150 0.9395 

0.7140 -0.6812 -0.1619 

!���	�� 6.26a � �)(�/'" w_0 !���	�� 6.26b  !���	�� 6.26c  

!���	�� 6.26d !���	�� 6.26e  !���	�� 6.26f �  1��/'" w_final 
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 �
�� 6.46 7#*+� �  �6 $��(�)�*+���� *�+# �� /� #  ,� ICA Fixed Point. � *1�)#  �� $��(�)�*+���� 
*�+# �� �� *%+&��10 +1  � *1�)# &') �*�"  �� �)(�/.� ����0�� *�+# �� (x1 � BPFO +1 fn1, 
x2 � BPFO +1 fn2, x3 �BPFI +1 fn3). a) U1 � BPFI +1 �$�,*%(�' � � fn3, b) U2 � BPFO +1 
�$�,*%(�' � � fn1, c) U3 � BPFO +1 �$�,*%(�' � � fn2 

 

 

�  )'�," +1  ,� ,�,0, , ���')��+," PearsonICA $�+�,%)�10  ,� �0��/� $��(�)�*+,- W $��&�)1� *1 

*(�*� +1  ,�  )'�, +1  ,� ,�,0, $�+�,%)�,-� ,� �),��,-+1�,� $-, ���')��+,� /�� �(1� �" 12!": ��� 

 �� �)(�/,�,0�*� $�+�,%)�10 �� ���  %(�0, *�+10, 1//0��*�" (rotation matrix): 

� �� �;.5numOfICrandorthB ��  B;Bold � , '�,% numOfIC10���  , ��!�,"  �� ���.�. 

� �0��/�" $��(�)�*+,- W, %�,�,�031 �� �" 12!": Matrix;whitening_BW ,%�  

���  � �),���&1)'+1�� �),*,+,��+��� *!+� �, ��),%*�#3,� �� ,�  �+�"  ,% ��,% �0��/� W, -* 1)� 

��' 6 $��&,)1 �/�" 1/ 1��*1�"  ,% ���')��+,% PearsonICA. 

 

 

    

 

 

 

w_final 

5.4373 1.2246 -2.7245 

0.7055 -1.1799 7.4758 

-0.5002 -7.4226 2.8775 

w_final 

-0.7053 1.1798 -7.4759 

-5.4370 -1.2199 2.7224 

0.5036 7.4233 -2.8792 

W_final 

0.5224 7.4282 -2.8925 

-5.4352 -1.1937 2.7120 

-5.4352 1.1763 -7.4746 

!���	�� 6.27a � �)(�/'" w_0 !���	�� 6.27b  !���	�� 6.27c  
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   :��" ��)� �)10 ��, -* 1)� ��' 6 $��&,)1 �/�" 1/ 1��*1�"  ,% ���')��+,% PearsonICA (���  � 0$�� 

�),*,+,��+��� *!+� �), , �0��/�" w $1� 10��� * ��1)'" �" �),"  ��  ,�,�� �*�  �� +1�0* ��  ,%, 

�)#�+� �,% $�/��,�,�10  , �1�,�'" ' � $1� 10��� *1 ��*� �� 1� ,�0*1�  �� ���! ���  , /#�1 ��� ��' 

 � $��(�)�*+��� *!+� �. 

 

 

���  ,� ���')��+, Parra Temporal Predictability , , %�,�,��*+'"  ,% �0��/� W 10��� /�� 1$. 

$��&,)1 �/'" *1 *(�*� +1  ,%" #��,%"  )1�" ���')��+,%". �$. , �0��/�" W $�+�,%)�10 �� +'�, +0� 

&,)# /�� ��, 1�10  ,�  1��/' �0��/� $��(�)�*+,-. 
�����, �% ' $1� *�+�0�1� ' � $1� +�,)10 �� 

12�(�10 *%+��)�*+� *(1 �/# +1  , ��� 0 $1� +�,)10 �� 1� ,�031�  �" ����". :��" &�0�1 ��,  � +���* � 

 ,% �0��/� W $1� �)0*/,� �� * �� /-)�� $���.��, /�� /� # *%���1�� , ���')��+," $1� +�,)10 �� 

1� ,�0*1�  �� ���!  ,% 1/#* , 1 $��(�)�*+��,% *!+� ,".  

��0*�" �)��1� �� *�+1���10 ' � '*1" &,)�" /�� �� 1/ 1��* �/1 , ���')��+," Parra Temporal 

Predictability ���  � 0$�� �),*,+,��+��� *!+� �, , �0��/�" $��(�)�*+,- W $1� +1 ��#��1 ��, ���# 

��)�+��1� * ��1)'"  '*, * �"  �+�"  �� *%��* �*.�  ,% '*, /�� * � ��*� �,% �)0*/,� ��  � 

+���* #  ,%. 

 

    

 

 

 
 
 
 

 

 

6.8  ���������� ���������	�� ����������� 

 

�� %�,�,��* �/�" �),*,+,�.*1�" �,% �)��+� ,�,�!��/��, �&,),-*��  �� -��)2� $-, ! /��  )�.� 

���.� ��#��", +'�, +1 local �$�,*%(�' � 1" ! /�� +1 +0� global �$�,*%(�' � � �,% $�1�1�)' �� �'�� 

 �� ����.�. 

w_final 

0.7054 -1.1799 7.4758 

0.4955 7.4215 -2.8752 

5.4377 1.2309 -2.7268 

w_final 

-0.5458 -7.4326 2.9006 

0.7050 -1.1796 7.4759 

-5.4329 -1.1621 2.6995 

W_final 

0.5349 7.4303 -2.8951 

-0.7051 1.1797 -7.4759 

-5.4340 -1.1770 2.7054 

w_final 

-0.0080 0.1084 -0.5026 

-0.0452 0.4401 0.1230 

0.4141 0.0502 0.0038 

w_final 

-0.0080 0.1084 -0.5026 

-0.0452 0.4401 0.1230 

0.4141 0.0502 0.0038 

!���	�� 6.27d !���	�� 6.27e  !���	�� 6.27f �  1��/'" w_final  

!���	�� 6.28a �  1��/'" w_final !���	�� 6.28b �  1��/'" w_final 
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��� /#�1 +0� ��'  �" �1)�� .*1�" �),*,+,�.*1�� (2 – 3 local modes, 2 – 3 local modes & 1 global 

frequency), �)��+� ,�,�!��/�� $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)�� (��*1�" C, D /�� E), 

�),/1�+��,% �� /� ��)�&,-� *!+� �,  � ,�,0� $0�,%� '*,  , $%�� '� �0�1 �� /��- 1)� �,�' � � 

$��(�)�*+,-. 

�� �),*,+,��+��� *!+� � �,% ()�*�+,�,�!��/��, ��),%*�#3,� �� * ,%" �0��/1" 7.2 /�� 7.3, /�� 

�&,),-� &�,)�" * ,� 1*� 1)�/' ! 12� 1)�/' $�/ -��,, �),*�!/� �,)-�,%, ,�0*��*�, � /��! 

�1� ,%)�0� (Gaussian noise)  ,% ),%�1+#�. 

��**1)�" ���')��+,� ()�*�+,�,�!��/�� ���  ,� $��(�)�*+'  �� *�+# �� �,% �),�/%4�� ��' '�1" 

 �" �),���&1)'+1�1" �1)�� .*1�", ,� Infomax, ICA Fixed Point, PearsonICA /�� Parra Temporal 

Predictability. 

��'  � ��, 1��*+� �  �� %�,�,��* �/.� �),*,+,�.*1�� +�,),-� �� 12�(�,-�  � �/'�,%�� 

*%+�1)#*+� �: 

1. 	1 '�1"  �" �1)�� .*1�" �),*,+,�.*1�� (2 – 3 local modes, 2 – 3 local modes & 1 global 

frequency), ��)� �)!��/1 ' � �� ����������� ���������� ���� 	�� � �������� ��� 

���������� ��� ���������� ������ ����� ���� �6�������� ��� ��� 

���������������� Mode Shape functions 	�,�� ����� 	�� ��� ��� ,���� ��� ������ 

����,�������� �� ��,��
��� (,���� C, D, E) � ��� �� ��� ,���� ��� ������ ����7����� 

�� �������� ������� (,���� A, B, F). 

2. ��0*�", �)��1� �� *�+1���10 ' � ��*1�" * �" ,�,01" 1$)#3,� �� ,� ��*�� !)1" 10��� * 1�# 

*%�$1$1+��1" +1  �" Mode Shape functions. ���#3,� �" Mode Shape,  ' 1 ���#3,%� /�� ,� ��*1�" 

�,% �)��1� ��  ,�,�1 ��,-� ,� ��*�� !)1", '�,% /�� �� /� ��)#4,%� *!+� �,  � ,�,0� �� 

$.*,%� /��# ��, 1��*+� � $��(�)�*+,-. 

3. ��'  ,%"  �**1)�" ���')��+,%" �,% ()�*�+,�,�,-� �� ���  ,� $��(�)�*+'  �� *%�$%�*+���� 

*�+# ��, +'�, , Infomax ��)� ��'  ,� $��(�)�*+'  �� *%�$%�*+���� *�+# �� (* �" 

�1)�� .*1�" '�,%  � *%�$%�*+��� *!+� � $��(�)03,� ��), +�,)10 �� 1� ,�031� /��  �� ���! ��' 

 �� ,�,0� �),�)(1 ��  , /#�1 ��� ��'  � $��(�)�*+��� *!+� �. 

4. ���,", ���&,)�/# +1  �" �1)�� .*1�" '�,% $�1�10)1 �� +0� global �$�,*%(�' � � ��'  �" ����" 

��#��", �/'+� /�� * �� �1)0� �*� �,% �0�1 �� /��'" $��(�)�*+'", /�����" ��'  ,%"  �**1)�" 

���')��+,%" $1� /� #&1)1 �� /#�1�  ��1�, $��(�)�*+'  �� *�+# ��. �� ��� �" /�� ,�  �**1)�" 

���')��+,�, 1+&#��*�� +�/)' �,*,* ' ���),&,)0�"  ,% 1�'" $��(�)�*+��,% *!+� ,", �� �1)�#1� 

* , #��, /��  , �� 0* ),&,. 
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)"/+%+$0 7 
!��������	
 "������
 
 

7.1 !��������	
 �����6� 	�� ������	� 

 

�� �1�)�+� �/�" +1 )!*1�" ������ (.)� *1 $-, $��&,)1 �/�" �1�)�+� �/�" $�� #21�", +0� +1�#�� 

�1�)�+� �/! $�# �2� (+�*�" �*(-," +�(��! �),*,+,0�*�", *(!+� 7.1) /�� +0� +�/)' 1)� 

�1�)�+� �/! $�# �2� (+�*�" �*(-," +�(��! �),*,+,0�*�", *(!+� 7.2). 

 

 

 
 �
�� 7.1 �1�)�+� �/! ��# �2� Large Test Rig 
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 �
�� 7.2 �1�)�+� �/! ��# �2� Small Test Rig 

 

 

 

	 �� �). � �1�)�+� �/! $�# �2� (Large Test Rig, $�# �2� +1�#��" /�0+�/�" *(!+� 7.1),  

()�*�+,�,�!��/�� ��*&��),�  )��10"  -�,% SKF 22208 EK/C3. �)��+� ,�,�!��/�� +1 )!*1�" ��� 

$��&,)1 �/�"  �(- � 1" �1)�* ),&!"  ,% ()�*�+,�,�,-+1�,% ��1/ )�/,- +, �), $��&,)1 �/�" &�,)�" 

 �� ��*&��)�� (* ,� 12� 1)�/' $�/ -��,, * ,� 1*� 1)�/' $�/ -��,, (�)0" &�,)#, /��), /��." /�� 

$��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��� ,)�#���. 

	 � $1- 1)� �1�)�+� �/! $�# �2� (Small Test Rig, $�# �2� +�/)!" /�0+�/�"), ()�*�+,�,�!��/�� 

��*&��),�  )��10"  -�,% SKF 7303 BEP /�� �)��+� ,�,�!��/�� +1 )!*1�" ��� $�#&,)1"  �(- � 1" 

�1)�* ),&!"  ,% +, �), $��&,)1 �/�" &�,)�"  �� ��*&��)��  )�����, /��." /�� $��&,)1 �/�" ��*1�" 

 �� ��*�� !)��� ,)�#���. 

�� *�+1���10 ' �, ,� ��*&��),�  )��10" �,% ()�*�+,�,�!��/�� ! �� /���,-)�,� /��, “( %�!��/��” +1 

+�/)' ��1/ )�/' $)#���,, �),/1�+��,% �� $�+�,%)���,-� ,� &�,)�" * ,� 1*� 1)�/' /�� 12� 1)�/' 

$�/ -��, 

 

���  �� /� ��)�&!  �� /)�$�*+.� – *�+# �� �,% �),�)(,� �� ��'  � &�,)# �,% &�)1� , /�����" 

��'  ,%" ��*&��),%"  )��10", ()�*�+,�,�!��/��: 


 �-, +,�'-�2,��/# ��13,��1/ )�/# 1�� �(%�*�'+1 )� PCB 352C33 (*(!+� 7.3) +1  � ��)�/# � 

 1(��/# (�)�/ �)�* �/#. 
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 �
�� 8.3 ��� �(%�*�'+1 ), PCB 352C33 

 

!���	�� 7.1  

��)�/ �)�* �/# 1�� �(%�*�'+1 ),% PCB 352C33 

 

 

�� ��13,��1/ )�/# 1�� �%(�*�'+1 )� PCB 352C33,  ,�,�1 !��/�� �/)��." �#�� ��'  �" ����" 

��#��", $���$! �#�� ��'  �" “�!/1"”, +�*� * �" ,�,01" 1$)#3,� �� ,� ��*&��),�  )��10" (*(!+� 

7.4, *(!+� 7.5). �  ,�,�� �*� �% !, �&,),-*1 �)(�/#  �� ,)�3'� �� $�1-�%�*� /�� *1 1�'+1�, 

* #$�,,  � 1�� �(%�*�'+1 )�  ,�,�1 !��/�� * �� /� �/')%&� $�1-�%�*� �#�� ��'  �" ����" 

��#��". �� $-, $��&,)1 �/�"  ,�,�1 !*1�" �#�� ��'  �" ����" ��#��", ������ �),/1�+��,% �� 

��&�10 � /��- 1)� $%�� ! /� ��)�&! *!+� ," �,% �),�)(1 �� ��'  �� 1/#* , 1 ���! ��#��". 
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 �
�� 7.4 �,�,�� �*�  ,% +,�'-�2,��/,- 1�� �(%�*�'+1 ),% PCB 352C33 �#�� ��'  �� ���! ��#��" * �� 

/� �/')%&� $�1-�%�*�, * � +1�#�� �1�)�+� �/! $�# �2� 

 

 
 �
�� 7.5 �,�,�� �*�  ,% +,�'-�2,��/,- 1�� �(%�*�'+1 ),% PCB 352C33 �#�� ��'  �� ���! ��#��" * �� 

/� �/')%&� $�1-�%�*�, * � +�/)! �1�)�+� �/! $�# �2� 

 

 

 

 


 �-,  )��2,��/# ��13,��1/ )�/# 1�� �(%�*�'+1 )� (*(!+� 7.6)  )�.� $�1%�-�*1�� +� )�*�" 

(()�*�+,�,�!��/�� ,� ,)�3'� �� /�� � /� �/')%&� $�1-�%�*� ���  �� /� ��)�&!  �� *�+# ��) 

DYTRAN 3023M23 +1  � ��)�/# �  1(��/# (�)�/ �)�* �/#: 
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 �
�� 7.6 ��� �(%�*�'+1 ), Dytran 3023M23 

 

!���	�� 7.2  

��)�/ �)�* �/# 1�� �(%�*�'+1 ),% Dytran 3023M23 

 

 

��  )��2,��/# ��13,��1/ )�/# 1�� �%(�*�'+1 )� Dytran 3023M203, ()�*�+,�,�!��/�� ���  �� 

/� ��)�&!  �� *%�$%�*+���� *�+# �� �,% �),�)(,� �� /�� ��'  �" $-, ����" ��#��". ��� �% '  , 

�'�,,  ,�,�1 !��/�� *1 $��&,)1 �/�" ��*1�"  ( )1�" $��&,)1 �/�"  ,�,�1 !*1�") *1 *(�*� +1  �" 

��*1�" '�,% 1$)#3,� �� ,� ��*&��),�  )��10". �� $��&,)1 �/�"  ,�,�1 !*1�"  ��  )��2,��/.� 

1�� �(%�*�'+ 1)��, ������ �),/1�+��,% �� �)1�,-� ,� /� #����1" ��*1�", � *� .* 1  � 

/� ��1�)�++��� *%�$%�*+��� *!+� �, 1�*1)('+1�� * ,%" ���')��+,%" $��(�)�*+,-, �� 

$��(�)�* ,-� '*,  ,� $%�� '� /��- 1)�, * � “�)(�/#” (* �� �)��+� �/' � � , $��(�)�*+'" $0�1 +0� 

scaled 1/$,(!  �� �)(�/.� ����0�� *�+# ��) ����0� *!+� �. 

�� $��&,)1 �/�"  ��  )��2,��/.� ��*�� !)��, ��),%*�#3,� �� /� #  �� ��#�%*�  �� �1�)�+� �/.� 

��, 1�1*+# �� 
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� $��$�/�*0� �,% �/,�,%�!��/1 �1)���+�#�1�  �� /� ��)�&!  �� *�+# �� ��' '��  � ��*�� !)�� 

')���� ��� $�#&,)1" *%��!/1" �1� ,%)�0�" *1 �)��+� �/,- ()'�,% ��� &')+�  -�,% PXI 1301  �" 

National Instruments, +1 ()!*�  �� +1 )� �/.� /�) .� SCXI 1531 /�� SCXI 1308 (*(!+� 7.7). 

 

 
 �
�� 7.7 a) PXI 1301, b) SCXI 1531, c) SCXI 1308 

 

���  �" �1�)�+� �/�" +1 )!*1�" ����1 ()!*� $-, %�,�,��* �/.� �1)��#��,� � �),�)�++� �*+,-,  , 

LabVIEW /��  , Matlab. 

�1  � �,!�1��  ,% LabVIEW ����1 � /� ��)�&!  �� *�+# ��. �� ��*�� !)�� *%�$���/�� * , PXI 

'�,% 10(1 «&,) ��10» , ���')��+,"  �" /� ��)�&!"  �� *�+# ��  �� ��*�� �)0��. ��0*�" * , PXI 

*%�$���/1 %�,�,��* !" (+�*� /���$0,% Ethernet) (*(!+� 7.8), /�� /� #  � $�#)/1��  �" 1/ ��1*�" 

 �� �1�)�+# �� /�� *1 �)��+� �/' ()'�, ��),%*�#3,� ��  � /� ��1�)�++��� *!+� � /�� %�!)(1 � 

1���,�! /� ��)�&!" – ��,�!/1%*!"  ,%". �, �)'�)�++� �,% ()�*�+,�,�!��/1 ���  �� ��)� !)�*� 

/�� /� ��)�&!  �� *�+# �� �)(�/# &,) ��' �� , Server VI, /�� * � *%��(1�� , Host PC VI * , 

LabVIEW. 

��'  ,� Server VI (*(!+� � 7.9, 7.10) �0�,� �� 1���,��" ���  � /��#��� �,% �� �* ,�(,-� *1 /#�1 

��*�� !)�, ')���, ����'��"  �" ��*�" '�,% �(1�  ,�,�1 ��10, 1���,��"  �" *%(�' � �" 

$1��+� ,��40�"  ,% ��!�,%"  �� /� ��1�)�++���� $1��+# �� /��. 

 

 
 �
�� 7.8 � %�,�,��* !" /��  , PXI 

(a) (b) (c) 
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 �
�� 7.9 Server VI front Panel General Info Buttons. �$. ,)03,� ��  � /��#��� 1�*'$,%  �� ��*�� !)��� 

,)�#���, ��#�,�� +1  � ��*� * �� ,�,0� �(,%�  ,�,�1 ��10, �#�� * �� �1�)�+� �/! $�# �2�. 
��0*�", ��),%*�#31 �� � �1�)�+� �/! $�# �2�, '�,% * �" ��*1�" A /�� B 1$)#3,� �� ,� ��*&��),� 
 )��10" /��  � +,�'-�2,��/# 1�� �(%�*�'+1 )�, 1�. * �" ��*1�" C /�� D (,� ,�,01" +1 ��#��,� ��), 
1$)#3,� ��  �  )��2,��/# 1�� �(%�*�'+1 )� 

 

 
 �
�� 7.10 Server VI front Panel Daq Control Buttons. �$. �0�1 �� � 1���,�!  �" *%(�' � �" $1��+� ,��40�" 

/��  ,% ��!�,%"  �� $1��+# �� �,% �� /� ��)#&,� ��, /��." /�� ,)�*+��1" #��1" 1���,��" 

  

�$. �)��1� �� *�+1���10, ' � * �� 1� �1�)�+� �/! $�# �2� (Large Test Rig), ()�*�+,�,�!��/1 

*%(�' � � $1��+� ,��40�" 10kHzf s �  /�� ��!�," $1��+# �� samples10k P� , 1�. * � 2� 

�1�)�+� �/! $�# �2�, ()�*�+,�,�!��/1 10kHzf s � /�� ��!�," $1��+# �� samples20k P � . 

 



 172 

�/,�,%�,-�  � *(!+� � 7.11 ��" 7.13, �,% ��),%*�#3,%�  , Host PC VI /��." /�� /� ��1�)�++��� 

*!+� �  �� /%+� ,+,)&.� /��  �� �� 0* ,�(�� &�*+# �� ��' +0� �1�)�+� �/! +� )�*�. 	 , Host 

PC VI, 1�����,� �� ,� ��*1�"  �� ��*�� !)��� ,)�#��� (*1 *%+&��0� +1  ��  ,�,�� �*!  ,%" �#�� 

* �" �1�)�+� �/�" $�� #21�"), 1�����1 ��  , 31-�,"  �� *�+# �� (����'��"  �" &�,)#" ! '(�  �� 

��*&��)��  )�����) �.(. BPFO-BPFI, BPFO-OK /��, �,% �)'/1� �� �� /� ��)�&,-�. ��0*�" 

1�����1 �� �� � /� ��)�&! �0�1 �� * �� ,)�3'� �� (Horizontal) ! /� �/')%&� (Vertical) $�1-�%�*�. 

�$. �)��1� �� $,�10 �),*,(! *(1 �/# +1  ,%" +,�'-�2,��/,-" ��*�� !)1", ,� ,�,0,� �(,%� 

$��&,)1 �/!  ,�,�� �*� �� /� ��)#&,%� * �� ,)�3'� �� $�1-�%�*� /�� $��&,)1 �/!  ,�,�� �*�, �� 

/� ��)#&,%� * �� /� �/')%&� $�1-�%�*�. 

 

 

 

 �
�� 7.11 Host PC VI front Panel Info. ��' 1$. ,)03,� �� ,� ��,* #*1�"  ��  )��2,��/.� ��*�� !)��� 
,)�#��� (��*1�" C /�� D), *-+&��� �#� � +1  �" ��*1�" * �" ,�,01"  ,�,�1 ,-� �� �#�� * �" 
�1�)�+� �/�" $�� #21�". ��0*�", 1$. 1�����1 ��  �� /� ��1�)�++���� *�+# �� (BPFO-BPFI, 
BPFO-OK /��), �,% �)'/1� �� �� ��,��/1% ,-�. �/'+� ��' 1$. +�,)10 1�����1 �� � $�1-�%�*� 
* �� ,�,0� /� ��)#&,%� ,� ��*�� !)1" (Horizontal /�� Vertical). 
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 �
�� 7.12 Host PC VI front Panel Time Domain. �$. ��),%*�#3,� �� *1 �)��+� �/' ()'�,  � *!+� � '��" 

/� ��)#&,� �� /�� ��'  ,%" 4 ��*�� !)1" *1 +0� $�1-�%�*� (1$. 10��� � ,)�3'� �� $�1-�%�*�). a 
/�� b : � /%+� ,+,)&! �,% /� ��)#&,%�  , +,�'-�2,��/# 1�� �(%�*�'+1 )� * � ��*� A /�� B 
�� 0* ,�(�, * �� ,)�3'� �� $�1-�%�*�. c /�� d : � /%+� ,+,)&! �,% /� ��)#&,%�  �  )��2,��/# 
1�� �(%�*�'+1 )� * � ��*� C /�� D �� 0* ,�(�, * �� ,)�3'� �� $�1-�%�*�. 

 

 

 

 �
�� 7.13 Host PC VI front Panel Frequency Domain. �$. ��),%*�#3,� ��  � �� 0* ,�(� &#*+� �,  �� 
/� ��1�)�++���� *�+# ��  ,% *(!+� ," 7.12, * �� ,)�3'� �� $�1-�%�*� 

 

 

(a) 

(c) 

(b) 

(d) 
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�/,�,%�,-�  � *(!+� � 7.14 ��" 7.17, �,% ��),%*�#3,%� /��  �" $-, �1�)�+� �/�" $�� #21�", *1 

,�,/��)�+��� +,)&!, +1  ,�,�1 �+��� '��  � ��*�� !)�� ')���� (*1 /#�,�1" *%�/1/)�+��1" 

��*1�"), /��." /�� &,) 0,. 

 

 

�$. '��" &�0�1 �� /�� ��'  � *(!+� �,  � &,) 0� �,% �(,%� ()�*�+,�,���10 $1� 10���  0�, � #��, 

��' �+#� 1". � �'�," �,% ()�*�+,�,�10 ��  , &,) 0, 10��� ��� �� “���*1�”  �� $�# �2� /�� �� 

+�,)�*1� �� �0�1� '*,  , $%�� '� /��- 1)� /� ��)�&!  �� *�+# �� ��'  ,%" ��*�� !)1". 

 

 

 

 �
�� 7.14  � �1�)�+� �/! $�# �2� Large Test Rig, +1  ,�,�1 �+��� '��  � 1�� �(%�*�'+1 )�,  , &,) 0,, *1 
*-�$1*� +1  , PXI, /��  ,� %�,�,��* !, � ,�+� ��� /� ��)�&!  �� *�+# �� ���  � $1$,+��� 
 ,�,�� �*�  �� ��*�� !)��� ,)�#���. 
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 �
�� 7.15 � �1�)�+� �/! $�# �2� Large Test Rig. 6(1� �0�1� 1* 0�*�, �),/1�+��,% �� �0�1� 1+&��!" � 
 ,�,�� �*�  �� ��*�� !)��� ,)�#��� �#�� * � $�# �2�. :��" �(1� �),���&1)�10 ,� +,�'-
�2,��/,0 ��*�� !)1"  ,�,�1 ,-� �� �#�� ��'  ,%" /���,-" �,% 1$)#3,� �� ,� ��*&��),�  )��10", 
1�. ,�  )��2,��/,0 ��*�� !)1", �)0*/,� �� �#�� * � $�# �2�, * �" (+1 �����'+1�1" ��*1�") 
$1$,+��1" %�,&���'+1�1" ��*1�". 

 

 

�,�'-�2,��/'" 
��*�� !)�" * � 
��*� A 

�)��2,��/'" 
��*�� !)�" * �" 
��*1�" C, D 

�,�'-�2,��/'" 
��*�� !)�" * � 
��*� B 
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 �
�� 7.16 � �1�)�+� �/! $�# �2� Small Test Rig, +1  ,�,�1 �+��� '��  � 1�� �(%�*�'+1 )�,  , &,) 0,, *1 
*-�$1*� +1  , PXI, /��  ,� %�,�,��* !, � ,�+� ��� /� ��)�&!  �� *�+# �� ���  � $1$,+��� 
 ,�,�� �*�  �� ��*�� !)��� ,)�#���. 

 

 

 
 �
�� 7.17 � �1�)�+� �/! $�# �2� Small Test Rig. 6(1� �0�1� 1* 0�*�, �),/1�+��,% �� �0�1� 1+&��!" � 

 ,�,�� �*�  �� ��*�� !)��� ,)�#��� �#�� * � $�# �2�. :��" �(1� �),���&1)�10 ,� +,�'-
�2,��/,0 ��*�� !)1"  ,�,�1 ,-� �� �#�� ��'  ,%" /���,-" �,% 1$)#3,� �� ,� ��*&��),�  )��10", 
1�. ,�  )��2,��/,0 ��*�� !)1", �)0*/,� �� �#�� * � $�# �2�, * �" (+1 �����'+1�1" ��*1�") 
$1$,+��1" %�,&���'+1�1" ��*1�". 

�,�'-�2,��/'" 
��*�� !)�" * � 
��*� A 

�,�'-�2,��/'" 
��*�� !)�" * � 
��*� B 

�)��2,��/'" 
��*�� !)�" * �" 
��*1�" C, D 
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7.2 !��������	� +���������� – +����� 

 

���&,)�/# +1  � �1�)�+� �/# ��, 1��*+� �, �)��+� ,�,�!��/�� +1 )!*1�" *1 $-, $��&,)1 �/�" 

�1�)�+� �/�" $�� #21�": 


 	 �� �). � �1�)�+� �/! $�# �2� (Large Test Rig, $�# �2� +1�#��" /�0+�/�"),  

()�*�+,�,�!��/�� ��*&��),�  )��10"  -�,% SKF 22208 EK/C3. �)��+� ,�,�!��/�� +1 )!*1�" 

��� $��&,)1 �/�"  �(- � 1" �1)�* ),&!"  ,% ()�*�+,�,�,-+1�,% ��1/ )�/,- +, �), $��&,)1 �/�" 

&�,)�"  �� ),%�1+#� (* ,� 12� 1)�/' $�/ -��,, * ,� 1*� 1)�/' $�/ -��,, (�)0" &�,)#, /��), 

/��." /�� $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��� ,)�#���.  

��$1�/ �/# 1$., ��),%*�#3,� ��  � �1�)�+� �/# ��, 1��*+� �, ��� +0�  �(- � � �1)�* ),&!" 

 �� 16Hz960rpmf shaft �� , ��� $-, ),%�1+#� +1 &�,)# * ,� 1*� 1)�/' /��  ,� 12� 1)�/' 

$�/ -��, �� 0* ,�(�, /�� $-, $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)�� (��*1�" C /�� D). �,�, 

*%�/1/)�+���, * � ��*� A 1$)#31 �� ��*&��),"  )����" �,% &�)1� &�,)# * ,� 1*� 1)�/' 

$�/ -��, (BPFI=150Hz /� # SKF) /�� * � ��*� B 1$)#31 �� ��*&��),"  )����" �,% &�)1� &�,)# 

* ,� 12� 1)�/' $�/ -��, (BPFO=106Hz /� # SKF). :�1" ,� %�'�,��1" �1�)�+� �/�" +1 )!*1�" 

*%+�1)���+���,+����  �� ��, 1�1*+# �� $��(�)�*+,-, 10��� $����*�+1" ��� �1)�� �)� +1�� �. 


 	 � $1- 1)� �1�)�+� �/! $�# �2� (Small Test Rig, $�# �2� +�/)!" /�0+�/�"), ()�*�+,�,�!��/�� 

��*&��),�  )��10"  -�,% SKF 7303 BEP. ��� * � +�/)! $�# �2� �)��+� ,�,�!��/�� +1 )!*1�" 

��� $�#&,)1"  �(- � 1" �1)�* ),&!"  ,% +, �), $��&,)1 �/�" &�,)�"  �� ),%�1+#�, /��." /�� 

$��&,)1 �/�" ��*1�"  �� ��*�� !)��� ,)�#���. 

:��" /�� * �� �). � �1�)�+� �/! $�# �2�, � *� /�� 1$. 1�$1�/ �/# ��),%*�#3,� ��  � 

�1�)�+� �/# ��, 1��*+� � ��� +0�  �(- � � �1)�* ),&!"  �� 10.67Hz640rpmf shaft +� , ��� 

$-, ),%�1+#� +1 &�,)# * ,� 12� 1)�/' /��  ,� 1*� 1)�/' $�/ -��, /��  )1�" $��&,)1 �/�" 

 ,�,�1 !*1�"  �� ��*�� !)�� (��*1�" C /�� D). 	1 �� 0�1*� +1  �� �). � �1�)�+� �/! $�# �2�, 

* � ��*� A 1$)#31 ��  , ),%�1+#� �,% &�)1� &�,)# * ,� 12� 1)�/' $�/ -��, (BPFO=40.8Hz 

/� # SKF) /�� * � ��*� B 1$)#31 ��  , ),%�1+#� �,% &�)1� &�,)# * ,� 1*� 1)�/' $�/ -��, 

(BPFI=64.9Hz /� # SKF). :�1" ,� %�'�,��1" �1�)�+� �/�" +1 )!*1�" *%+�1)���+���,+���� /�� 

 �� ��, 1�1*+# �� $��(�)�*+,- 10��� $����*�+1" ��� �1)�� �)� +1�� �. 


 ���,", /# � �,% �)��1� �� 1��*�+���10 10��� ' �, $1� ��)� 0�1� �� '�1" ,� 1�/'�1" ��� /#�1 

���')��+, $��(�)�*+,- (/%+� ,+,)&�", &#*+� �, ��,$��+,)&�+��1" /%+� ,+,)&�", 

��,$��+,)&�+��� &#*+� �, *%��) !*1�" �%/�' � �" �����' � �" – pdf, *%�$%�*+���� /�� 

$��(�)�*+���� *�+# ��), ���# /#�,�1" (�)�/ �)�* �/�" '�,% &�0�,� �� 21/#��)�  � 

��, 1��*+� �  �� ���')��+�� $��(�)�*+,-, :�1" ,� %�'�,��1" �1�)�+� �/�" +1 )!*1�",  � 

��, 1��*+� � /��." /�� ,� �� 0* ,�(1" 1�/'�1", 10��� $����*�+1". 

�/,�,%�10, ��#�%*�  �� �1�)�+� �/.� ��, 1�1*+# �� ��� /��1+0� ��'  �" $-, �1�)�+� �/�" 

$�� #21�". 
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7.2.1 +����� ����
��� ��� ��� ���������	
 �����6� ���� ����� 

 

:��" ���&�)��/1 /�� �),��,%+���", ,� �1�)�+� �/! +� )�*� �,% �� ����%�10, 10��� ���  �(- � � 

�1)�* ),&!" #2,�� 16Hz960rpmf shaft �� , ��� $-, ),%�1+#�  -�,% SKF 22208 EK/C3, '�,% * � 

��*� A 1$)#31 �� ),%�1+#� �,% &�)1� &�,)# * ,� 1*� 1)�/' $�/ -��, (BPFI) /�� * � ��*� B 

1$)#31 �� ),%�1+#� �,% &�)1� &�,)# * ,� 12� 1)�/' $�/ -��, (BPFO). ��  ,�,�1 !*1�"  �� 

��*�� !)��� ,)�#��� 10��� 3 /�� �&,),-�  � ��*� (+�/)�# ! /,� #) �,%  ,�,�1 ,-� ��, *1 *(�*� +1 

 �" ����" ��#��", $���$!  ,%" ��*&��),%"  )��10" * �" ��*1�" A /�� B, �,% &�),%� ��#�� * ,� 

1*� 1)�/' /�� 12� 1)�/' $�/ -��, �� 0* ,�(�. 

�), ,- �0�1� � ����% �/! �1)��)�&! ��� /#�1 +0� ��'  �"  )1�"  ,�,�1 !*1�"  �� ��*�� !)��, 

�)��+� ,�,�10 �� , %�,�,��*+'"  �� *%(�, ! �� BPFO, BPFI, /��  �� '�,��� �1)�,$�/, ! �� 

1+&��03,� ��, +1 ()!*�  �� *�+# �� �,% �!&��/�� ��'  �" �1�)�+� �/�" +1 )!*1�". ��, 

*%�/1/)�+���  � *!+� � �,% ()�*�+,�,�,-� �� ���  �� 1-)1*�  �� �1)�,$�/, ! ��, �&,),-�  �� 

 ,�,�� �*�  �� ��*�� !)�� * � *�+10� C25 /�� D75. � �'�,", '��" �� ��,$1�(�10 /�� * � 

*%��(1��, 10��� ' � *1 �% !  ��  ,�,�� �*� ,� ���')��+,� �)��+� ,�,�,-�  ,� /��- 1), $��(�)�*+' 

 �� *%�$%�*+���� *�+# ��. 

��0*�" �)��1� �� ���&1)�10 ' � �'��  ,% ' �  � ��*�� !)�� �,% ()�*�+,�,�!��/�� 10���  )��2,��/# 

1�� �(%�*�'+1 )� /�� �)��+� ,�,�!��/1 /� ��)�&!  �� *�+# �� * ,� ,)�3'� �, (Horizontal) /�� 

* ,� /� �/')%&, (Vertical) #2,��. :+�", � +1�� �  �� *�+# �� �)��+� ,�,�10 �� +1 ()!*�  �� 

+1 )!*1�� * ,� /� �/')%&, #2,��, 1�1�$! '��" �� &��10 /�� ��'  � &#*+� �  �� *�+# ��,  � 

��# � * ,� ,)�3'� �, #2,�� 10��� �#)� �,�- +�/)# /�� $%*/,�1-,%� �,�-  �� ��#�%*�  ,% *!+� ," 

/��  �� 12����! *%+�1)�*+# ��. 

 

�/,�,%�10  , *(!+� 7.18 �,% ��),%*�#31�  �" /%+� ,+,)&�"  �� *%�$%�*+���� (mixed) *�+# ��, 

���  ��  ,�,�� �*�  �� ��*�� !)�� * � *�+10� C25 /�� D75 ((�)0" �� �(1� �0�1� &�� )#)�*+�). 
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 �
�� 7.18 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# ��, '��" ��)� �),-� �� ��'  � ��*�� !)�� ')����. a) 

/� ��)�&! ��'  ,� ��*�� !)�  �" ��*�" C * �� ,)�3'� �� $�1-�%�*�, b) /� ��)�&! ��'  ,� 
��*�� !)�  �" ��*�" C * �� /� �/')%&� $�1-�%�*�, c) /� ��)�&! ��'  ,� ��*�� !)�  �" ��*�" D 
* �� ,)�3'� �� $�1-�%�*�, d) /� ��)�&! ��'  ,� ��*�� !)�  �" ��*�" D * �� /� �/')%&� 
$�1-�%�*� ((�)0"  �� �),*�!/� &0� ),%) 

 

 

��'  , �),��,-+1�, *(!+�, &�0�1 �� ' � %�#)(,%� /),%* �/,0 ���+,0 ! /�� *%�$%�*+,0 /),%* �/.� 

���+.� ���#, $1� +�,)10 �� 12�(�10 /#�,�, *%+��)�*+� *(1 �/#  �" *%(�' � 1" ��#��" ($���$!  �" 

*%(�' � 1" �,% �&,),-�  �� &�,)# * ,� 1*� 1)�/' /��  � &�,)# * ,� 12� 1)�/' $�/ -��,  ,% 

��*&��),%  )����) /��  �" '�,�1" #��1" �1)�,$�/' � 1". ��� �% '  , �'�,, �)��+� ,�,�10 �� 1* 0�*�, 

�),/1�+��,% �� 1� ,��* ,-� ,� �1)�,$�/' � 1" /�� �� ������)�* ,-� ,� *%(�' � 1" ��#��"  �� 

),%�1+#�. 	 , *(!+� 7.19 �,% �/,�,%�10 �(1� �0�1� 1* 0�*� * ,� ��*�� !)�  �" ��*�" C * ,� 

/� �/')%&, #2,�� ('+,�� /�� ���  ,� ��*�� !)�  �" ��*�" D). 

 

(a) 

(b) 

(c) 

(d) 
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 �
�� 7.19 �-)1*� �1)�,$�/, ! �� ��'  � /%+� ,+,)&!  �� *%�$%�*+���� *�+# �� . a) 1* 0�*� * ,� 

��*�� !)�  �" ��*�" C * �� /� �/')%&� $�1-�%�*� ��� 1-)1*� �1)�,$�/, ! �� ((�)0" 
&�� )#)�*+�) 

 

 

:��" &�0�1 �� ��'  , *(!+� 7.19, �)���/1 /),%* �/'" ���+'"  ,% ,�,0,% ,� ��1%)�/�"  ,% ��(+�" 

�*���(,%� /� # sec BPFI1  (0.5467-0.5399=0.0068sec, 0.5399-0.5332=0.0067sec), #)� ��' 1$. 

*%+�1)�0�1 �� ' � 1+&��031 �� � &�,)# * ,� 1*� 1)�/' $�/ -��, /�� +�,)10 �� %�,�,��* 10 ' �  , 

),%�1+#� �,% &�)1� &�,)# * ,� 1*� 1)�/' $�/ -��, �(1� *%(�' � � 149HzBPFI+ . 

��0*�", '��" ��)� �)10 �� �)���/�� /�� /),%* �/,0 ���+,0 �,% �*���(,%� /� # sec BPFO1  

(0.5841-0.5748=0.0093sec, 0.5748-0.5654=0.0094sec, 0.5654-0.5562=0.0092sec), #)� ��' 1$. 

*%+�1)�0�1 �� ' � 1+&��031 �� � &�,)# * ,� 12� 1)�/' $�/ -��, BPFO /�� +�,)10 �� %�,�,��* 10 ' � 

 , ),%�1+#� �,% &�)1� &�,)# * ,� 12� 1)�/' $�/ -��, �(1� *%(�' � � 108HzBPFO+ . 

 

	 � *%��(1�� �)��+� ,�,�10 �� �1)�� �)� 1* 0�*� * ,%" ���+,-" BPFI /�� BPFO �,% 1� ,�0* �/��, 

�),/1�+��,% �� �)1�,-� �1)�� �)� �1)�,$�/' � 1" �,% �� ,$��!*,%� * ,� %�,�,��*+'  �� 

�$�,*%(�, ! �� �,% $�1�10),� �� �'��  �� ����.�. 

 

(a) 

(b) 
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 �
�� 7.20 �1)�� �)� 1* 0�*� �#�� * ,%" /),%* �/,-" ���+,-", ��� 1-)1*� �1)�,$�/, ! ��. a) 1* 0�*�  ,% 

��*�� !)�  �" ��*�" C ��� 1-)1*� �1)�,$�/, ! �� *(1 �/# +1  � &�,)# * ,� 12� 1)�/' $�/ -��, 
(+1 ��)'+,�,  )'�, �� ���' �� 1* 0�*� * ,� ��*�� !)�  �" ��*�" D), b) 1* 0�*� * ,� ��*�� !)� 
 �" ��*�" D ��� 1-)1*� �1)�,$�/, ! �� *(1 �/# +1  � &�,)# * ,� 1*� 1)�/' $�/ -��, ((�)0" 
&�� )#)�*+�) 

 

 

:��" &�0�1 �� ��'  �� ��)��#�� *(!+� +1 �1)�� �)� 1* 0�*� �#�� * ,%" /),%* �/,-" ���+,-" 

BPFO /�� BPFI �,% �)���/�� �),��,%+���", +�,),-� �� 1� ,��* ,-� ,)�*+��1" �1)�,$�/' � 1". 

6 *� ���  ,%" /),%* �/,-" ���+,-" BPFO, �)0*/,� �� ,� 12!" �1)�,$�/' � 1": 0.5748-

0.5725=0.0023sec, 0.5725-0.5704=0.0021sec, 0.5704-0.5681=0.0023sec. ��'  �" �#�� 

�1)�,$�/' � 1" &�0�1 �� ' � $�1�10)1 �� +0� �$�,*%(�' � � +1 435Hz0.00231f n1 +�  

���  ,� /),%* �/' ���+' BPFI  �)0*/,� �� ,� 12!" �1)�,$�/' � 1": 0.5425-0.5418=0.0007sec, 

0.5418-0.5412=0.0006sec, 0.5412-0.5406=0.0006sec /�� 0.5406-0.5399=0.0007sec. 	%�1�." 

��)� �)10 �� ' � $�1�10),� �� *%(�' � 1" 1428Hz0.00071f n1 +�  /�� 1667Hz0.00061f n2 +� . 

�)��1� �� *�+1���10 ' � 10��� ���+1�'+1�, �� 1+&��03,� �� /�� 1�����,� �1)�,$�/' � 1", ���# �'�� 

 �" �,�%��,/' � �"  �� *�+# �� $1� /��0* � �� 1-/,�, �� 1� ,��* ,-� '�1". 

 

	 � *%��(1��, 121 #3,� ��  � &#*+� � /��  � ��,$��+,)&�+��� &#*+� �  �� ��� �)� 

*%�$%�*+���� *�+# ��, '��" ��)� �),-� �� ��'  ,� ��*�� !)� �,% 1$)#31 �� * � ��*� C 

(��)'+,�� /�� ���  ,� ��*�� !)�  �" ��*�" D), �),/1�+��,% �� 1� ,��* ,-� ,� *%(�' � 1" BPFO, 

BPFI /�� ,� �)+,��/�"  ,%", 1#� %�#)(,%�. 

 

(a) 

(b) 
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 �
�� 7.21 7#*+� (a) /�� ��,$��+,)&�+��, &#*+� (b)  �� *%�$%�*+���� *�+# �� ((�)0"  �� �),*�!/� 

&0� ),%) 

 

:��" &�0�1 �� ��'  , &#*+� �  ,% *(!+� ," 7.21, 1� ,�03,� �� $�#&,)1" *%(�' � 1" +1 �2-  �� 

,�,0�� /�� ,� *%(�' � 1"  �� ����.� BPFO /�� BPFI, /��." /�� ,� �)+,��/�"  ,%". :��" &�0�1 ��, 

%�#)(,%� /�� ,)�*+��1" *%(�' � 1", '��" � 757Hz, ,� ,�,01" 1�$�(1 �� �� 10��� �)+,��/�" /��  �� 

$-, ����.�, $���$! 1�$�(1 �� (/�� �)#�+� � �*(-1�) �'��  �� ����.� �� $�1�10),� �� /�� +0� ! 

�1)�**' 1)1" global �$�,*%(�' � 1". 

:��" &�0�1 �� ��'  , ��,$��+,)&�+��, &#*+�, 1� ,�03,� �� � *%(�' � �  �"  �(- � �" 

�1)�* ),&!" /�� ,� �)+,��/�"  �", /��." /�� ,� *%(�' � 1"  �� ����.� BPFO /�� BPFI /�� ,� 

�)+,��/�"  ,%". 

�&,- ,�,/��).��/1 � ��#�%*�  �� �)(�/.� *%�$%�*+���� *�+# �� +�,)10  .)� �� 21/��!*1� � 

��#�%*� – $��$�/�*0� $��(�)�*+,-  �� *%�$%�*+���� *�+# �� ���  �" $��&,)1 �/�"  ,�,�1 !*1�" 

 �� ��*�� !)��. 

�)��1� �� *�+1���10  , 12!": �'��  ,% ' � ��'  �" �1�)�+� �/�" +1 )!*1�" �),�/%4�� �1)�**' 1)1" 

��' +0� local �$�,*%(�' � 1" �,% $�1�10),� �� ��' /#�1 ��#�� /�� �'�, ' � /�� * �" %�,�,��* �/�" 

+1 )!*1�" +1�1 !��/1 � �1)0� �*� '�,% $�1�10)1 �� +'�, +0� local �$�,*%(�' � � ��'  �� /#�1 ���! 

��#��", * ,%" ���')��+,%" $��(�)�*+,- �0�1 �� ()!*� 1�'" Bandpass Butterworth &0� ),% �,% &�)1� 

 � �/'�,%�� (�)�/ �)�* �/#: 

order=7; 
FL1=1250;% Outer Natural frequency 
FH1=1600; 
FL2=400; % Inner Natural frequency 
FH2=700; 
 

(a) 

(b) 
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� �'�," �,% ()�*�+,�,�!��/1 &0� ),, 10��� �� “/,�,-�” ,� '�,�1" 1���)'*�1 1" $�1�1�)'+1�1" local 

�$�,*%(�' � 1", /�� �� �0�1� 1* 0�*� *1 +0� local �$�,*%(�' � � �,% $�1�10)1 �� ��' /#�1 ��#��. 

 
 
7.2.1.1 +����� �����
�� ������ ������� 

 

�/,�,%�10 � ��#�%*� ���  �� �). �  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40-D60. 

 

 

 

 

 

 

�/,�,%�10 �0��/�" +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C40 /�� D60 �� 0* ,�(�. 

 
 

!���	�� 7.3. ��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C40 /�� D60 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

ICA Fixed Point 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

PearsonICA 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

Parra Temporal 
Predictability 

BPFI BPFO BPFI BPFO 

BPFO & 
BPFI 

BPFO & 
BPFI 

� 

 
 
 
:��" &�0�1 �� ��'  ,� �0��/� 7.3, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40 /�� D60 

($���$! +1�#�� ��,+#/)%�*�  �� ��*�� !)�� ��'  �" ����" ��#��"), /�����" ��'  ,%" 

���')��+,%" $1� +�,)10 �� $��(�)0*1�  � *%�$%�*+��� *!+� �, ���# /#�1 “$��(�)�*+��,” *!+�, 

�1)���+�#�1� ���),&,)0� /�� ��'  �" 2 ����" ��#��" BPFO /�� BPFI. 

�/,�,%�,-� *(!+� � (7.22, 7.23), '�,% ��),%*�#3,� �� ,� /%+� ,+,+,)&�" /��  � &#*+� �  �� 

*%�$%�*+���� *�+# �� (�)0" �� �(1� �0�1� &�� )#)�*+� /�� *(!+� (7.24) +1  � ��,$��+,)&�+��� 

&#*+� �  �� *%�$%�*+���� *�+# �� (0$�� ��� '�,%"  ,%" ���')��+,%"). 

��� /#�1 ���� ��'  ,%" ���')��+,%" $��(�)�*+,-, ��),%*�#3,� �� * � *%��(1�� 1�/'�1" +1  � 

��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� ��� �� $1�(�10 /�� �,�, �/# ' � ��� �% �"  �" 

��*1�"  �� ��*�� !)��, ,� ���')��+,� $1� +�,),-� �� $��(�)0*,%�  � *%�$%�*+��� *!+� �. 

A B 

C D 

BPFI BPFO 
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 �
�� 7.22 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60, (�)0" &�� )#)�*+� 

 

 

 

 �
�� 7.23 7#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60, (�)0" &�� )#)�*+� 
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 �
�� 7.24 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60 

 

 

:��" &�0�1 �� ��'  , *(!+� 7.24  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� *�+# ��, 

1� ,�03,� �� �  �(- � �  ,% #2,�� �1)�* ),&!" /�� � 2� �)+,��/!  �", � BPFO /�� � 2� �)+,��/! 

 �", /�� � BPFI �,% $��+,)&.�1 �� /� # shaftf* . 

 

�/,�,%�,-�  � ��,$��+,)&�+��� &#*+� �  �� ���')��+�� $��(�)�*+,-, ��� /#�1 ���� 

��'  ,%"  �**1)�" ���')��+,%" $��(�)�*+,- (Infomax, ICA Fixed Point, PearsonICA /�� 

Parra Temporal Predictability). 

(a) 

(b) 
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 �
�� 7.25 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 
 �
�� 7.26 �%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

� ���')��+," Infomax, ���  �" ��*1�" C40 /�� D60  �� ��*�� !)��� ,)�#���, $1� /� �&�)�1� �� 

$��(�)0*1�  � *%�$%�*+��� *!+� �, '��" &�0�1 �� 12#��,% /�� ��'  � ��,$��+,)&�+��� &#*+� � 

 ,% *(!+� ," 7.25 /�� ��'  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# ��  ,% *(!+� ," 7.26. 

(a) 

(b) 

(a) 

(b) 
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�#��* �, ��'  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# ��, +1 $%*/,�0� 

1� ,�03,� �� ,� *%(�' � 1" ��#��" BPFO /�� BPFI. 

 

�/,�,%�,-� 1�/'�1" +1  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� ���  ,%" 

%�'�,��,%" ���')��+,%" $��(�)�*+,-. 

 

 
 �
�� 7.27 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA Fixed Point 

 

 
 �
�� 7.28 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, PearsonICA 

 

(a) 

(b) 

(a) 

(b) 
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 �
�� 7.29 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Parra Temporal 

 

:��" ��)� �)10 �� ��'  � *(!+� � 7.27, 7,28 /�� 7.29  �� ��,$��+,)&�+���� &�*+# ��  �� 

$��(�)�*+���� *�+# ��, ,� ���')��+,� ICA Fixed Point, PearsonICA /�� Parra Temporal 

Predictability $1� +�,),-� �� $��(�)0*,%�  � *%�$%�*+��� *!+� �, ���  � $1$,+���  ,�,�� �*�  �� 

��*�� !)��� ,)�#���. �� ��� �", /�� * � $-, &#*+� �, 1� ,�03,� �� /�� ,� $-, *%(�' � 1" ��#��". 

�/,�,%�10 � ��#�%*� ���  �� $1- 1)�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75. 

 

 

 

 

 

 

 

 

 

�/,�,%�10 �0��/�" +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C25 /�� D75 �� 0* ,�(�. 

 

 

 
 
 
 

A B 

C D 

BPFI BPFO 

(a) 

(b) 
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!���	�� 7.4 ��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C25 /�� D75 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax BPFI BPFO � 

ICA Fixed Point BPFI BPFO � 

PearsonICA BPFI BPFO � 

Parra Temporal 
Predictability 

BPFI BPFO BPFI BPFO 

BPFI BPFO � 

   �����! * � *1�)# &') �*�"  �� *%�$%�*+���� *�+# �� 

Infomax BPFO BPFI � 

ICA Fixed Point BPFI BPFO � 

PearsonICA BPFI BPFO � 

Parra Temporal 
Predictability 

BPFI BPFO BPFO BPFI 

BPFI BPFO � 

 
 
 
:��" &�0�1 �� ��'  ,� �0��/� 7.4, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75 

($���$! +�/)! ��,+#/)%�*�  �� ��*�� !)�� ��'  �" ����" ��#��"), /�� ,�  �**1)�" ���')��+,� 

/� �&�)�,%� �� $��(�)0*,%�  � *%�$%�*+��� *!+� �, * � “�)(�/#” ����0� *!+� � (* �� 

�)��+� �/' � � $1� �)'/1� �� ���  � �)(�/# ����0� *!+� �, ���# ��� scaled 1/$,(�"  �� �)(�/.� 

����0�� *�+# ��). 

�% ' �,% ��)� �)10 �� *1 �% !  �� �1)0� �*� '�,% , $��(�)�*+'" 10��� /��'" 10���  , 12!": ��' 

 ,%"  �**1)�" ���')��+,%" $��(�)�*+,-, ���� , ���')��+," Infomax 10��� *1 ��*� �� 1� ,�031� /�� 

 �� ���!  ,% 1/#* , 1 $��(�)�*+��,% *!+� ,". �% ' ��,$1�/�-1 �� /�� +1 �����! * � *1�)# 

&') �*�"  �� *%�$%�*+���� *�+# ��.  

	-+&��� +1  �� �)(�/! *1�)# &') �*�", * � �). � ��*� &,) .�1 ��  , *%�$%�*+��, *!+� * , 

,�,0, “%�1)�*(-1�” � &�,)# * ,� 1*� 1)�/' $�/ -��, +1 *%(�' � � BPFI /�� * � $1- 1)� ��*� 

&,) .�1 ��  , *%�$%�*+��, *!+� * , ,�,0, “%�1)�*(-1�” � &�,)# * ,� 12� 1)�/' $�/ -��, +1 

*%(�' � � BPFO. 	%�1�.", , ���+1�'+1�," $��(�)�*+'"  �� *%�$%�*+���� *�+# ��, �� $.*1� �" 

$��(�)�*+��, *!+� U1  , *!+� '�,% 1+&��031 �� � *%(�' � � BPFI � �BPFIU1 �  /�� �" 

$��(�)�*+��, *!+� U2   , *!+� '�,% 1+&��031 �� � *%(�' � � BPFO� �BPFOU2 � . �)#�+� �, 

'��" &�0�1 �� /�� ��'  ,� �0��/� 3, /�� ,�  �**1)�" ���')��+,� $��(�)03,%�  � *%�$%�*+��� 

*!+� �, '��" ���+1�' ��. 

���#3,� �"  .)�  � *1�)# &') �*�", �(,� �" * � �). � ��*� �� &,) .�1 ��  , *%�$%�*+��, *!+� 

* , ,�,0, “%�1)�*(-1�” � &�,)# * ,� 12� 1)�/' $�/ -��, +1 *%(�' � � BPFO /�� * � $1- 1)� ��*� 

�� &,) .�1 ��  , *%�$%�*+��, *!+� * , ,�,0, “%�1)�*(-1�” � &�,)# * ,� 1*� 1)�/' $�/ -��, +1 

*%(�' � � BPFI, , ���+1�'+1�," $��(�)�*+'"  �� *%�$%�*+���� *�+# ��, �� $.*1� �" 

$��(�)�*+��, *!+� U1  , *!+� '�,% 1+&��031 �� � *%(�' � � BPFO ($���$! &�,)# * ,� 12� 1)�/' 
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$�/ -��,) � �BPFOU1 �  /�� �" $��(�)�*+��, *!+� U2  , *!+� '�,% 1+&��031 �� � *%(�' � � BPFI 

($���$! &�,)# * ,� 1*� 1)�/' $�/ -��,) � �BPFIU2 � . 	1 �% !  �� �1)0� �*� /�� ,�  �**1)�" 

���')��+,� $��(�)03,%�  � *!+� �, ���� +'�, , ���')��+," Infomax 1+&��031�  � $��(�)�*+��� 

*!+� �, *-+&��� +1  �� ���+1�'+1�� *1�)#, 1�. ,� %�'�,��,� ���')��+,� 1+&��03,%�  � 

$��(�)�*+��� *!+� �, *-+&��� +1  �� �)(�/! *1�)# &') �*�"  �� *%�$%�*+���� *�+# ��. 

��'  �" $-, ��)��#�� �1)�� .*1�", +�,)10 �� 12�(�10  , *%+��)�*+�, ' � ���� , ���')��+," 

Infomax 10��� *1 ��*� �� 1� ,�031� /��  �� ���! ���  , 1/#* , 1 $��(�)�*+��, *!+�. �% '  , 

*%+��)�*+�, �)(1 �� *1 *%+&��0� /�� +1  � *%+�1)#*+� �  �� %�,�,��* �/.� �),*,+,�.*1��, 

'�,% /�� 1/10 +'�, , ���')��+," Infomax +�,),-*1 �� 1� ,�031� /��  �" ����"  �� $��(�)�*+���� 

*�+# ��. 

�/,�,%�,-� *(!+� � (7.30, 7.31), '�,% ��),%*�#3,� �� ,� /%+� ,+,)&�" /��  � &#*+� �  �� 

*%�$%�*+���� *�+# �� (�)0" �� �(1� �)��+� ,�,���10 &�� )#)�*+� /�� *(!+� (7.32) +1  � 

��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� (0$�� ��� '�,%"  ,%" ���')��+,%"). 

��� /#�1 ���� ��'  ,%" ���')��+,%" $��(�)�*+,- /�� ���  �" $-, $��&,)1 �/�" *1�)�" &') �*�"  �� 

*%�$%�*+����, ��),%*�#3,� �� 1�/'�1" +1  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� 

*�+# �� ��� �� $1�(�10 /�� �,�, �/# ' � ��� �% �"  �" ��*1�"  �� ��*�� !)��, ,� ���')��+,� 

$��(�)03,%�  � *%�$%�*+��� *!+� �, ���# +'�, , ���')��+," Infomax +�,)10 �� 1� ,�031� /��  �" 

����". 

 

 

 �
�� 7.30 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75, (�)0" &�� )#)�*+� 
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 �
�� 7.31 7#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75, (�)0" &�� )#)�*+� 

 

 
 �
�� 7.32 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75 

 

 

:��" &�0�1 �� ��'  , *(!+� 7.32  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� *�+# ��, 

1� ,�03,� �� �  �(- � �  ,% #2,�� �1)�* ),&!" /�� �)+,��/�"  �", � BPFO /�� � 2� �)+,��/!  �", 

/�� � BPFI �,% $��+,)&.�1 �� /� # shaftf* . 

(a) 

(b) 
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	%�/)� �/# +1  �" �),��,-+1�1" $-,  ,�,�1 !*1�"  �� ��*�� !)��,  � ��# �  �� ��(+.� '�,% 

1� ,�03,� �� ,� *%(�' � 1" ��#��", 10��� ��, +1�#�� /�� 1� ,�03,� �� 21/#��)�. �, �1�,�'" �% ', 

$�+�,%)�10 +0� “�),$�#�1*�” ' � +1 �% !  ��  ,�,�� �*�  �� ��*�� !)��, ���+��1 �� /��'" 

$��(�)�*+'"  �� *%�$%�*+���� *�+# ��. 

 

�/,�,%�,-�  � ��, 1��*+� �  �� ���')��+�� $��(�)�*+,-, * �� �1)0� �*� �,% ,� ��*�� !)1" 

 ,�,�1 ,-� �� * �" ��*1�" C25-D75 /��  � *!+� � &,) .�,� �� +1 *1�)# 

BPFOX1 . BPFOX 2 . . 

:��" &�0�1 �� ��'  , &#*+�  �� ��,$��+,)&�+���� $��(�)�*+���� *�+# �� �,% �/,�,%�10 

(*(!+� 7.33), , ���')��+," Infomax ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-

D75 $��(�)031� �,�- /��#  � *!+� �. ��)� �).� �"  , ��,$��+,)&�+��, &#*+�  ,% 

$��(�)�*+��,% *!+� ," U1 (*(!+� 7.33a), 1� ,�03,� �� �  �(- � �  ,% #2,�� �1)�* ),&!" /�� 

�)+,��/�"  �", /��." /�� � *%(�' � � BPFI  �" &�,)#" * ,� 1*� 1)�/' $�/ -��,, +1  �" ��1%)�/�" 

 �" ��(+�" �� �*���(,%� /� # shaftf* . ��'  , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ," 

U2 (*(!+� 7.33b), &�0�,� �� � 2� �)+,��/!  �"  �(- � �"  ,% #2,�� �1)�* ),&!" /�� � *%(�' � � 

��#��" BPFO /�� � 2� �)+,��/!  �" �,% *(1 031 �� +1  � *%�/1/)�+��� ��#��. 

��0*�", ��'  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� # Infomax, &�0�1 �� ' � ,� 

/),%* �/,0 ���+,0 (�(,%� 1���1(�10 ,)�*+��,�  %(�0�) * , $��(�)�*+��, *!+� U1 (*(!+� 7.34a), 

�*���(,%� /� # sec f1 shaft , �)#�+� �,% %�,$��.�1� ' � �)'/1� �� ��� /),%* �/,-" ���+,-" �,% 

�),/��,-� �� ��' &�,)# * ,� 1*� 1)�/' $�/ -��,, /�� * , $��(�)�*+��, *!+� U2 (*(!+� 7.34b) 

('�,% �(1� �0�1� 1* 0�*� ��� /��- 1), 1� ,��*+'), 1� ,�03,� �� /),%* �/,0 ���+,0 �,% �*���(,%� 

/� # sec BPFO1 , 1�,+���" *%+�1)�0�1 �� ' � * , U2 1+&��03,� �� /),%* �/,0 ���+,0 �,% 

�),/��,-� �� ��' &�,)# * ,� 12� 1)�/' $�/ -��,. 
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 �
�� 7.33 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 

 
 �
�� 7.34 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 

�/,�,%�,-�  � ��,$��+,)&�+��� &#*+� � ���  ,%" %�'�,��,%" ���')��+,%" $��(�)�*+,- (ICA 

Fixed Point, PearsonICA /�� Parra Temporal Predictability). 

 

(a) 

(b) 

(a) 

(b) 
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 �
�� 7.35 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA Fixed Point 

 

:��" , ���')��+," Infomax, � *� /�� , ICA Fixed Point ���  � $1$,+���  ,�,�� �*�  �� 

��*�� !)�� * �" ��*1�" C25-D75, /#�1� /��' $��(�)�*+'  �� *�+# ��, +1  , $��(�)�*+��, *!+� U1 

(*(!+� 7.35a) �� �&,)#  � &�,)# * ,� 1*� 1)�/' $�/ -��, (BPFI) /��  , *!+� U2 (*(!+� 7.35b) �� 

�&,)#  � &�,)# * ,� 12� 1)�/' $�/ -��, (BPFO). 

 
 �
�� 7.36 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, PearsonICA 

 

(a) 

(b) 

(a) 

(b) 
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 �
�� 7.37 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Parra Temporal 

 

��� ,� ���')��+,� PearsonICA /�� Parra Temporal Predictability, $��(�)03,%� �,�- /��#  � 

*%�$%�*+��� *!+� � ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75, +1  , *!+� 

U1 (*(!+� � 7.36a, 7.37a) �� �&,)#  � &�,)# * ,� 1*� 1)�/' $�/ -��, (BPFI) /��  , *!+� U2 

(*(!+� � 7.36b, 7.37b) �� �&,)#  � &�,)# * ,� 12� 1)�/' $�/ -��, (BPFO). 

 

 

�/,�,%�,-�  � ��, 1��*+� � $��(�)�*+,- ���  �� �1)0� �*� '�,% ,� ��*�� !)1" 1$)#3,� �� * �" 

��*1�" C25-D75, ���# �)��+� ,�,�10 �� �����! * � *1�)# &') �*�"  �� *�+# ��, '�,% * , �). , 

*%�$%�*+��, *!+� %�1)�*(-1� � *%(�' � � BPFO, BPFOX1 .  /�� * , $1- 1), 

*%�$%�*+��, *!+� %�1)�*(-1� � *%(�' � � BPFI , BPFIX 2 . . 

� �����! * � *1�)# &') �*�"  �� *�+# �� �0�1 ��, �),/1�+��,% �� $1�(�10 ' � +'�, , ���')��+," 

Infomax 10��� *1 ��*� �� 1� ,�031�  �� ���!  ,% 1/#* , 1 $��(�)�*+��,% *!+� ,". 

 

 

(a) 

(b) 
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 �
�� 7.38 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

��'  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� # Infomax,  , �). , �)#�+� �,% 

��)� �)10 �� 10��� ' �,  � *%�$%�*+��� *!+� � $��(�)03,� �� �,�- /��#, /��." /�� ' �  � 

$��(�)�*+��� *!+� � 1+&��03,� �� *-+&��� +1  � *1�)# +1  �� ,�,0� 10(�� &,) ��10  � 

*%�$%�*+��� *!+� �, $���$! �" U1 (*(!+� 7.38a) 1+&��031 ��  , *!+� �,% �&,)#  � &�,)# * ,� 

12� 1)�/' $�/ -��, (*%(�' � � BPFO) /�� �" U2 (*(!+� 7.38b)  , *!+� �,% �&,)#  � &�,)# * ,� 

1*� 1)�/' $�/ -��, (*%(�' � � BPFI) 

 �21 #3,� �" ��, �),*1/ �/#  �" /%+� ,+,)&�" &�0�1 �� ' � ,� /),%* �/,0 ���+,0 (�(,%� 1���1(�10 

,)�*+��,�  %(�0�) * , $��(�)�*+��, *!+� U1, �*���(,%� /� # sec BPFO1  �,% 1���1���.�1� ' � * , 

U1 1+&��03,� �� /),%* �/,0 ���+,0 �,% �),/��,-� �� ��' &�,)# * ,� 12� 1)�/' $�/ -��, /�� * , 

$��(�)�*+��, *!+� U2 ,� /),%* �/,0 ���+,0 �*���(,%� /� # sec f1 shaft , �)#�+� �,% 1���1���.�1� 

' � �)'/1� �� ��� /),%* �/,-" ���+,-" �,% �),/��,-� �� ��' &�,)# * ,� 1*� 1)�/' $�/ -��,. 

 

(a) 

(b) 
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 �
�� 7.39 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

�21 #3,� �"  .)�  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# ��, &�0�1 �� ' �  , 

��,$��+,)&�+��, &#*+�  ,% *!+� ," U1 (*(!+� 7.39a), �&,)#  � &�,)# * ,� 12� 1)�/' $�/ -��,, 

�&,- 1+&��03,� �� � *%(�' � � �,% �&,)#  � &�,)# * ,� 12� 1)�/' $�/ -��,, BPFO /��." /�� � 2� 

�)+,��/!  �", 1�.  , ��,$��+,)&�+��, &#*+�  ,% *!+� ," U2 (*(!+� 7.39b), �&,)# &�,)# * ,� 

1*� 1)�/' $�/ -��,, �&,- 1+&��03,� �� � shaftf  /�� ,� �)+,��/�"  �", /�� � *%(�' � � �,% �&,)#  � 

&�,)# * ,� 1*� 1)�/' $�/ -��,, BPFI, +1  �" ��1%)�/�"  �" ��(+�" �� �*���(,%� /� # shaftf* . 

��'  �� /%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /�� ��'  � ��,$��+,)&�+��� &#*+� �  �� 

$��(�)�*+���� *�+# ��, +�,)10 �� 12�(�10  , *%+��)�*+� ' � , ���')��+," Infomax 1/ '" ��' 

/��' $��(�)�*+' (���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75) +�,)10 �� 

1� ,�031� /��  �� ���!  ,% 1/#* , 1 $��(�)�*+��,% *!+� ,". 

 

�/,�,%�,-�  � ��,$��+,)&�+��� &#*+� �, ���  ,%" %�'�,��,%" ���')��+,%" $��(�)�*+,- (ICA 

Fixed Point, PearsonICA /�� Parra Temporal Predictability), �),/1�+��,% �� $1�(�10 ' � +1 �����! 

* � *1�)# &') �*�"  �� *%�$%�*+���� *�+# ��, 1/ '" ��'  ,� $��(�)�*+', +�,),-� ! '(� �� 

1� ,�0*,%� /��  �� ���! ���  , 1/#* , 1 $��(�)�*+��, *!+�. 

 

(a) 

(b) 
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 �
�� 7.40 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA Fixed Point 

 

 

 
 �
�� 7.41 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, PearsonICA 

 

(a) 

(b) 

(a) 

(b) 
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 �
�� 7.42 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Parra Temporal 

 

 

:��" &�0�1 �� ��'  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� /�� ,�  )1�" 

���')��+,� (ICA Fixed Point, PearsonICA /�� Parra Temporal Predictability), $��(�)03,%� �)/1 # 

/��#  � *%�$%�*+��� *!+� �. � $��&,)# +1  ,� ���')��+, Infomax, 10��� ' � /�����" ��'  ,%" 

%�'�,��,%"  )1�" ���')��+,%" $1� 10��� *1 ��*1� �� 1� ,�0*1�  �� ���!  ,% 1/#* , 1 $��(�)�*+��,% 

*!+� ,", �&,- � *1�)#  �� $��(�)�*+���� *�+# �� $1� *%+&��10 +1  � *1�)# &') �*�"  �� 

*%�$%�*+���� *�+# ��, $���$! 1�. ��)1�1 * , U1 �� 1+&��031 �� � *%(�' � � BPFO /�� * , U2 � 

*%(�' � � BPFI (�&,- � *1�)# &') �*�" 10��� BPFOX1 .  /�� BPFIX 2 . ), ,�  )1�" �% ,0 

���')��+,� 1+&��03,%� �" U1 (*(!+� � 7.40a, 7.41a, 7.42a)  , *!+� �,% �&,)#  � &�,)# * ,� 

1*� 1)�/' $�/ -��, (*%(�' � � BPFI) /�� �" U2 (*(!+� � 7.40b, 7.41b, 7.42b)  , *!+� �,% �&,)# 

 � &�,)# * ,� 12� 1)�/' $�/ -��, (*%(�' � � BPFO). 

 

 

 

 

 

 

 

 

 

 

 

(a) 

(b) 
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7.2.2 +����� ����
��� ��� ��� ���������	
 �����6� ��	�
� ����� 

 

:��" ���&�)��/1 /�� �),��,%+���", ,� �1�)�+� �/! +� )�*� �,% �� ����%�10, 10��� ���  �(- � � 

�1)�* ),&!" #2,�� 10.67Hz640rpmf shaft �� , ��� $-, ),%�1+#�  -�,% SKF 7303 BEP, '�,% * � 

��*� A 1$)#31 �� ),%�1+#� �,% &�)1� &�,)# * ,� 12� 1)�/' $�/ -��, (*%(�' � � BPFO) /�� * � 

��*� B 1$)#31 �� ),%�1+#� �,% &�)1� &�,)# * ,� 1*� 1)�/' $�/ -��, (*%(�' � � BPFI). �� 

 ,�,�1 !*1�"  �� ��*�� !)��� ,)�#��� 10��� 3 /�� �&,),-�  � ��*� (+�/)�# ! /,� #) �,% 

 ,�,�1 ,-� �� *(1 �/# +1  �" ����" ��#��", $���$!  � ),%�1+#� * �" ��*1�" A /�� B. 

:��" /�� * � �). � �1�)�+� �/! $�# �2� (Large Test Rig), � *� /�� * � $1- 1)� $�# �2� �), ,- 

�0�1� � ����% �/! �1)��)�&! ��� /#�1 +0� ��'  �"  )1�"  ,�,�1 !*1�"  �� ��*�� !)��, 

�)��+� ,�,�10 �� , %�,�,��*+'"  �� *%(�, ! �� BPFO, BPFI, /��  �� '�,��� �1)�,$�/, ! �� 

1+&��03,� ��, +1 ()!*�  �� *�+# �� �,% �!&��/�� ��'  �" �1�)�+� �/�" +1 )!*1�". ��, 

*%�/1/)�+���  � *!+� � �,% ()�*�+,�,�,-� �� ���  �� 1-)1*�  �� �1)�,$�/, ! ��, �&,),-�  �� 

 ,�,�� �*�  �� ��*�� !)�� * � *�+10� C40 /�� D60. � �'�,", '��" �� ��,$1�(�10 /�� * � 

*%��(1��, 10��� ' � *1 �% !  ��  ,�,�� �*� ,� ���')��+,� �)��+� ,�,�,-�  ,� /��- 1), $��(�)�*+' 

 �� *%�$%�*+���� *�+# ��. 

��0*�" �)��1� �� ���&1)�10 ' � �'��  ,% ' �  � ��*�� !)�� �,% ()�*�+,�,�!��/�� 10���  )��2,��/# 

1�� �(%�*�'+1 )� /�� �)��+� ,�,�!��/1 /� ��)�&!  �� *�+# �� * ,� ,)�3'� �, (Horizontal) /�� 

* ,� /� �/')%&, (Vertical) #2,��. :+�", � +1�� �  �� *�+# �� �)��+� ,�,�10 �� +1 ()!*�  �� 

+1 )!*1�� * ,� /� �/')%&, #2,��, 1�1�$! '��" �� &��10 /�� ��'  � &#*+� �  �� *�+# ��,  � 

��# � * ,� ,)�3'� �, #2,�� 10��� �#)� �,�- +�/)# /�� $%*/,�1-,%� �,�-  �� ��#�%*�  ,% *!+� ," 

/��  �� 12����! *%+�1)�*+# ��. 

�/,�,%�10 *(!+� (7.43) +1  �" /%+� ,+,)&�"  �� *%�$%�*+���� (mixed) *�+# ��, ���  �� 

 ,�,�� �*�  �� ��*�� !)�� * � *�+10� C25 /�� D75. 

 

 
 �
�� 7.43 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# ��, '��" ��)� �),-� �� ��'  � ��*�� !)�� ')���� 

((�)0"  �� �),*�!/� &0� ),%) 

 

(a) 

(b) 
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:��" ��)� �)10 �� $1� +�,)10 �� 12�(�10 /#�,�, *%+��)�*+� /�� ��� �% '  , �'�, �)��+� ,�,�10 �� 

1* 0�*�, �),/1�+��,% �� 1� ,��* ,-� ,� �1)�,$�/' � 1" /�� �� ������)�* ,-� ,� *%(�' � 1" ��#��" 

 �� ),%�1+#�. 	 , *(!+� �,% �/,�,%�10 �(1� �0�1� 1* 0�*� * ,� ��*�� !)�  �" ��*�" C * ,� 

/� �/')%&, #2,�� ('+,�� /�� ���  ,� ��*�� !)�  �" ��*�" D). 

 

 
 �
�� 7.44 �-)1*� �1)�,$�/, ! �� ��'  � /%+� ,+,)&!  �� *%�$%�*+���� *�+# �� ((�)0" &�� )#)�*+�) 

 

:��" ��)� �)10 �� ��'  �" /%+� ,+,)&�" (*(!+� 7.44) �,% /� ��)�4�� ,� ��*�� !)1" * � *�+10� C 

/�� D, +1 �1)�� �)� 1* 0�*�, �0�,� �� �� ���� ,0 /),%* �/,0 ���+,0 �,% �*���(,%� /� #   

sec BPFO1  ('��" &�0�1 �� * , *�+10, C) (1.129-1.1=0.029sec, 1.052-1.022=0.03sec, 1.022-

0.993=0.029sec, 0.993-0.964=0.029sec), #)� ��' 1$. *%+�1)�0�1 �� ' � 1+&��031 �� � *%(�' � � 

BPFO /�� +�,)10 �� %�,�,��* 10 ' �  , ),%�1+#� &�)1� &�,)# * ,� 12� 1)�/' $�/ -��, +1 

*%(�' � � 34HzBPFO+ (10��� �),&���" ' � 121 #3,� �" /��  , *%�$%�*+��, *!+� �,% /� ��)�41 

, ��*�� !)�" * � ��*� D, /�� �#�� �� 1� ,�03,� �� /),%* �/,0 ���+,0 �,% �*���(,%� /� # 

sec BPFO1 ). 

��0*�" ��'  �" /%+� ,+,)&�" 1� ,�03,� �� /),%* �/,0 ���+,0 �,% �*���(,%� /� # sec f1 shaft  

(1.407-1.318=0.009sec, 1.318-1.225=0.093sec) (/# � �,% �),$���� 1� ��� -��)2� BPFI), /�� +�*� *1 

���� /),%* �/' ���+' 1� ,�03,� �� �1)�,(�" �,% �*���(,%� /� #  sec BPFI1  (1.333-

1.318=0.015sec, 1.318-1.303=0.015sec, 1.303-1.287=0.016sec), #)� ��' 1$. *%+�1)�0�1 �� ' � 

(a) 

(b) 
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10.5Hzf shaft + , 1+&��031 �� � *%(�' � � BPFI /�� +�,)10 �� %�,�,��* 10 ' �  , ),%�1+#� &�)1� 

&�,)# * ,� 1*� 1)�/' $�/ -��, +1 *%(�' � � 62.5HzBPFI+ . 

�), ,- 21/��!*1� � ��#�%*� – $��$�/�*0� $��(�)�*+,-  �� *%�$%�*+���� *�+# �� ���  �" 

$��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��, �)��1� �� *�+1���10  , 12!": �'��  ,% ' � ��'  �" 

�1�)�+� �/�" +1 )!*1�" �),�/%4�� �1)�**' 1)1" ��' +0� local �$�,*%(�' � 1" �,% $�1�10),� �� �'�� 

 �� *%(�, ! �� BPFO /�� BPFI /�� �'�, ' � /�� * �" %�,�,��* �/�" +1�1 !��/1 � �1)0� �*� '�,% 

$�1�10)1 �� +'�, +0� local �$�,*%(�' � � ��'  �� /#�1 ���! ��#��", * ,%" ���')��+,%" $��(�)�*+,- 

�0�1 �� ()!*� 1�'" Bandpass Butterworth &0� ),% �,% &�)1�  � �/'�,%�� (�)�/ �)�* �/#: 

order=7; 
FL1=200;% Outer Natural frequency 
FH1=400; 
FL2=3000; % Inner Natural frequency 
FH2=3500; 
 

� �'�," �,% ()�*�+,�,�!��/1 &0� ),, 10��� �� “/,�,-�” ,� 1���)'*�1 1" $�1�1�)'+1�1" local 

�$�,*%(�' � 1", /�� �� �0�1� 1* 0�*� *1 +0� local �$�,*%(�' � � �,% $�1�10)1 �� ��' /#�1 ��#��. 

 

7.2.2.1 +����� �����
�� ������ ������� 

 

�/,�,%�10 � ��#�%*� ���  �� �). �  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C10-D90. 

 

 

 

 

 

 

�/,�,%�10 �0��/�" +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C10 /�� D90 �� 0* ,�(�. 

 

!���	�� 7.5 ��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C10 /�� D90 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

ICA Fixed Point 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

PearsonICA 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

Parra Temporal 
Predictability 

BPFO BPFI BPFO BPFI 

BPFO & 
BPFI 

BPFO & 
BPFI 

� 

 

A B 

C D 

BPFI BPFO 
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:��" &�0�1 �� ��'  ,� �0��/� 7.5, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C10 /�� D90 

(�#�� �,�- /,� # * �" ����" ��#��"), /�����" ��'  ,%" ���')��+,%" $1� +�,)10 �� $��(�)0*1�  � 

*%�$%�*+��� *!+� �, ���# /#�1 “$��(�)�*+��,” *!+�, �1)���+�#�1� ���),&,)0� /�� ��'  �" 2 

����" ��#��" (&�,)# * ,� 12� 1)�/' /�� &�,)# * ,� 1*� 1)�/' $�/ -��,) +1 *%(�' � 1" BPFO /�� 

BPFI. 

�/,�,%�,-� *(!+� � (7.45, 7.46), '�,% ��),%*�#3,� �� ,� /%+� ,+,)&�" /��  � &#*+� �  �� 

*%�$%�*+���� *�+# �� (�)0" �� �(1� �)��+� ,�,���10 &�� )#)�*+� /�� *(!+� (7.47) +1  � 

��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� (0$�� ��� '�,%"  ,%" ���')��+,%"). 

��� /#�1 ���� ��'  ,%" ���')��+,%" $��(�)�*+,-, ��),%*�#3,� �� * � *%��(1�� 1�/'�1" +1  � 

��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� ��� �� $1�(�10 /�� �,�, �/# ' � ��� �% �"  �" 

��*1�"  �� ��*�� !)��, ,� ���')��+,� $1� +�,),-� �� $��(�)0*,%�  � *%�$%�*+��� *!+� �. 

 

 

 �
�� 7.45 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C10-D90, (�)0" &�� )#)�*+� 
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 �
�� 7.46 7#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C10-D90, (�)0" &�� )#)�*+� 

 
 

 
 �
�� 7.47 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C10-D90 

 

:��" &�0�1 �� ��'  , *(!+� 7.47  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� *�+# ��, 

1� ,�03,� �� �  �(- � �  ,% #2,�� �1)�* ),&!", � BPFO /�� �)+,��/�"  �", /�� � BPFI. �% ' �,% 

��)� �)10 �� 10��� ' �  , ��# ,"  �" BPFI 10��� �,�- +�/)', .* 1 �� 1� ,�031 �� +1 $%*/,�0�. �% ' 

������ +�,)10 �� $�/��,�,���10 �'��  ,% 10$,%"  �" ��#��" (BPFI, &�,)# * ,� 1*� 1)�/' $�/ -��,, 

�,% *�+�0�1� ' � � “$��$),+!” �,% �(1� �� $���-*1�  , *!+� �,% ,&10�1 �� * � &�,)# * ,� 

(a) 

(b) 
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1*� 1)�/' $�/ -��,  ,% ��*&��),%  )���� 10��� �,�- +1���- 1)� *1 *(�*� +1  , *!+� �,% ,&10�1 �� 

* � &�,)# * ,� 12� 1)�/' $�/ -��,), ���# /�� �'��  �" �)/1 # +�/)' 1)�" (*1 +��1�,") 

�1�)�+� �/!" $�# �2�" *1 *(�*� +1  �� �). � �1�)�+� �/! $�# �2�. 

 

�/,�,%�,-�  � ��,$��+,)&�+��� &#*+� �  �� ���')��+�� $��(�)�*+,-, ��� /#�1 ���� ��'  ,%" 

 �**1)�" ���')��+,%" $��(�)�*+,- (Infomax, ICA Fixed Point, PearsonICA /�� Parra Temporal 

Predictability). 

 

 
 �
�� 7.48 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 

 

��'  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� (*(!+� 7.48), 1� ,�03,� �� /�� � 

 �(- � �  ,% #2,�� �1)�* ),&!" /�� �)+,��/�"  �" ���#, , Infomax $1� +�,)10 �� $��(�)0*1�  � 

*%�$%�*+��� *!+� �. �� ��� �", ��)� �)10 �� ' � /�� * � $-, ��,$��+,)&�+��� &#*+� �  �� 

“$��(�)�*+����” *�+# ��, �1)��(1 �� ���),&,)0� /�� ��'  �" $-, ����" ��#��". �/,�,%�10 /��  , 

*(!+� (8.49)  �� /%+� ,+,)&.�  �� “$��(�)�*+����” *�+# ��, ��'  ,� ���')��+, Infomax, 

�),/1�+��,% �� $1�(�10 ' � �)#�+� � $1� +�,)10 �� �)��+� ,�,���10 $��(�)�*+'"  �� *%�$%�*+���� 

*�+# �� ��� �% !  ��  ,�,�� �*�  �� ��*�� !)��. 

 

(a) 

(b) 
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 �
�� 7.49 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

:��" ��)� �)10 �� /�� ��'  �� /%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� Infomax 

(*(!+� 7.49), &�0�1 �� 21/#��)�, ' � $1� �(1� �0�1� $��(�)�*+'" ��� �% !  ��  ,�,�� �*�  �� 

��*�� !)�� (��*1�" C10-D90), �� ��� �" $��/)0�,� �� /�� * � $-, $��(�)�*+��� *!+� � /),%* �/,0 

���+,0  BPFO /�� BPFI (+1 �1)�� �)� 1* 0�*� 1� ,�03,� �� /�� ,� *%(�' � 1" BPFO /�� BPFI, �,% 

,&10�,� �� /�� * ,%" $-,  -�,%" &�,)#"  /�� * � $-, “$��(�)�*+���” *!+� �). 

�/,�,%�,-� *(!+� � (7.50, 7.51 /�� 7.52) +1  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� 

*�+# �� /� #  ,%" ���')��+,%" ICA Fixed Point, PearsonICA /�� Parra Temporal Predictability. 

 

 
 �
�� 7.50 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA Fixed Point 

 

 

(a) 

(b) 

(a) 

(b) 
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��'  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� (*(!+� 7.50), , ���')��+," ICA 

Fixed Point &�0�1 �� ' � $1� +�,)10 �� $��(�)0*1�  � *%�$%�*+��� *!+� �, ��� �% !  ��  ,�,�� �*� 

 �� ��*�� !)�� (��*1�" C10-D90). 	 � ��,$��+,)&�+��� &#*+� � 1� ,�03,� �� �  �(- � �  ,% 

#2,�� �1)�* ),&!" /�� �)+,��/�"  �", /��." /�� ���),&,)01" /�� ���  �" $-, ��#�1", �1�,�'" �,% 

1���1���.�1� ' � $1� �0�1 �� $��(�)�*+'"  �� *�+# ��. 

 

 
 �
�� 7.51 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, PearsonICA 

 

 
 �
�� 8.52 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Parra Temporal 

 

(a) 

(b) 

(a) 

(b) 
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:��" &�0�1 �� /�� ��'  � ��,$��+,)&�+��� &#*+� �  �� “$��(�)�*+����” *�+# �� (*(!+� � 

8.51, 8.52) ,- 1 ,� ���')��+,� PearsonICA /�� Parra Temporal Predictability $1� +�,),-� �� 

$��(�)0*,%�  � *%�$%�*+��� *!+� � ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� (��*1�" C10-

D90). 

�/,�,%�10 ��#�%*� ���  � $1- 1)�  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75 

 

 

 
 
 
 
 
 
 
 
 
�/,�,%�10 �0��/�" +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C25 /�� D75 �� 0* ,�(�. 

 

  

!���	�� 7.6 ��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C25 /�� D75 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

ICA Fixed Point 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

PearsonICA 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

Parra Temporal 
Predictability 

BPFO BPFI BPFO BPFI 

BPFO & 
BPFI 

BPFO & 
BPFI 

� 

 
 
 
:��" &�0�1 �� ��'  ,� �0��/� 7.6, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75 

(+�/)! ��,+#/)%�*� ��'  �" ����" ��#��"), /�����" ��'  ,%" ���')��+,%" $1� +�,)10 �� $��(�)0*1� 

 � *%�$%�*+��� *!+� �, ���# /#�1 “$��(�)�*+��,” *!+�, �1)���+�#�1� ���),&,)0� /�� ��'  ,%" 2 

 -�,%" &�,)#" +1 *%(�' � 1" BPFO /�� BPFI. 

�/,�,%�,-� *(!+� � (7.53, 7.54), '�,% ��),%*�#3,� �� ,� /%+� ,+,)&�" /��  � &#*+� �  �� 

*%�$%�*+���� *�+# �� (�)0" �� �(1� �)��+� ,�,���10 &�� )#)�*+� /�� *(!+� (7.55) +1  � 

��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� (0$�� ��� '�,%"  ,%" ���')��+,%"). 

A B 

C D 

BPFI BPFO 
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��� /#�1 ���� ��'  ,%" ���')��+,%" $��(�)�*+,-, ��),%*�#3,� �� * � *%��(1�� 1�/'�1" +1  � 

��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� ��� �� $1�(�10 /�� �,�, �/# ' � ��� �% �"  �" 

��*1�"  �� ��*�� !)��, ,� ���')��+,� $1� +�,),-� �� $��(�)0*,%�  � *%�$%�*+��� *!+� �. 

 
 

 
 �
�� 7.53 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75, (�)0" &�� )#)�*+� 

 

 

 �
�� 7.54 7#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75, (�)0" &�� )#)�*+� 
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 �
�� 7.55 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75 

 

 

:��" &�0�1 �� ��'  , *(!+� 7,55  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� *�+# ��, 

1� ,�03,� �� �  �(- � �  ,% #2,�� �1)�* ),&!", � BPFO /�� �)+,��/�"  �", /�� � BPFI /�� � 2� 

�)+,��/!  �". �% ' �,% ��)� �)10 �� 10��� ' �  , ��# ,"  �" BPFI 10��� /�� *1 �% !  �� �1)0� �*� 

 ,�,�� �*�"  �� ��*�� !)�� �,�- +�/)', .* 1 �� 1� ,�031 �� +1 $%*/,�0�.  

  
�/,�,%�,-�  � ��,$��+,)&�+��� &#*+� �  �� ���')��+�� $��(�)�*+,-, ��� /#�1 ���� ��'  ,%" 

 �**1)�" ���')��+,%" $��(�)�*+,- (Infomax, ICA Fixed Point, PearsonICA /�� Parra Temporal 

Predictability). 

 
 

(a) 

(b) 
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 �
�� 7.56 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 
 �
�� 7.57 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

:��" &�0�1 �� ��'  , ��,$��+,)&�+��, &#*+� /�� ��'  �� /%+� ,+,)&!  �� “$��(�)�*+����” 

*�+# �� (*(!+� 7.56 /�� 7.57), , ���')��+," Infomax, $��(�)031� /��- 1)�  � *!+� � ���  � 

 ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75, ���# '(�  1�10�".  �% ' �,% ��)� �)10 �� 10��� 

' � /�� * � $-, ��,$��+,)&�+��� &#*+� �, ��)� ��'  ��  �(- � �  ,% #2,�� �1)�* ),&!", 

�1)��(1 �� ���),&,)0� /�� ��'  �" $-, ����" ��#��" (*%(�' � 1" BPFO /�� BPFI /�� �)+,��/�" 

�% .�). ��)'�� �% # � ���),&,)0� �% ! 10��� +�/)!. ��, *%�/1/)�+��� ��'  , *(!+� 7.56, &�0�1 �� 

(a) 

(b) 

(a) 

(b) 
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21/#��)� ' � �(1� �1� ���10 , $��(�)�*+'", +1  , &#*+�  ,% $��(�)�*+��,% *!+� ," U1 (8.56a), �� 

�1)��(1�  �� BPFO /��  �" �)+,��/�"  �", /�� 1�#(�* � ���),&,)0�  �" BPFI. �� 0* ,�(� * , &#*+� 

 ,% U2 (8.56b), �1)��(1 �� � BPFI /�� �)+,��/�"  �", ���# �1)��(1 �� /�� “�)/1 !” ���),&,)0�  �" 

BPFO 

 	%�/)� �/# +1  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# ��  �" 1�"  ,�,�� �*�"  �� 

��*�� !)�� (��*1�" C10-D90), &�0�1 �� ' � +1 ��,+#/)%�*� ��'  �" ����" ��#��", � �,�' � �  ,% 

$��(�)�*+,- �1� �.�1 ��. 

���&,)�/# +1  �� /%+� ,+,)&!  �� $��(�)�*+���� *�+# �� (*(!+� 7.57), &�0�1 �� /�� ��' 1$. ' � 

, $��(�)�*+'"  �� *%�$%�*+���� *�+# �� 10��� /��- 1)," *1 *(�*� +1  �� 1�  ,�,�� �*�  �� 

��*�� !)��, ���# �/'+� $1� 10��� , /��- 1)," $%�� '", �&,- *1 /#�1 $��(�)�*+��, *!+� 

��)� �),-� �� /),%* �/,0 ���+,0 (+1 1* 0�*�), �,% �),�)(,� �� /�� ��'  �" $-, ����" ��#��". 

�/,�,%�,-� *(!+� � +1  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� /� #  ,%" 

���')��+,%" ICA Fixed Point, PearsonICA /�� Parra Temporal Predictability. 

 

 
 �
�� 7.58 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA Fixed Point 

 

 

��)� �).� �"  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA 

(*(!+� 7.58), 12#�1 ��  , *%+��)�*+� ' � ,- 1 , ���')��+," ICA +�,)10 �� $��(�)0*1�  ��1��  � 

*%�$%�*+��� *!+� � ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� (��*1�" C25-D75). ��� * � $-, 

&#*+� � ��)� �),-� �� ��)� ��'  ��  �(- � �  ,% #2,�� �1)�* ),&!" /�� ,� $-, *%(�' � 1" BPFO 

/�� BPFI (�,% *(1 03,� �� +1  ,%" $-,  -�,% &�,)#" * ,� 12� 1)�/' /�� 1*� 1)�/' $�/ -��,) /�� ,� 

�)+,��/�"  ,%". 

 

(a) 

(b) 
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 �
�� 7.59 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, PearsonICA 

 

 
 �
�� 7.60 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Parra Temporal 

 

:��" &�0�1 �� ��'  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� ���  ,%" 

���')��+,%" PearsonICA /�� Parra Temporal (*(!+� � 7.59, 7.60), ,- 1 �% ,0 ,� ���')��+,� +�,),-� 

�� /#�,%� /��' $��(�)�*+' ���  � $1$,+��� ��*�  �� ��*�� !)��. 

 

(a) 

(b) 

(a) 

(b) 
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 �
�� 7.61 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,%" ���')��+,%" ICA, PearsonICA /�� Parra 

Temporal 

 

 

� �'�," �,% ��)� 0�1 �� /�� � (),��/! /%+� ,+,)&!  �� $��(�)�*+���� *�+# �� ���  ,%" 

���')��+," ICA, PearsonICA /�� Parra Temporal Predictability (*(!+� 7.61), 10��� ��� �� $1�(�10 ' � 

/�� � 3 ���')��+,� 1+&��03,%�  �� 0$�� �1)0�,% �,�' � � $��(�)�*+,- +1  ,� ���')��+, Infomax 

(���  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75), ���#  � “$��(�)�*+���” *!+� �, �(,%� 

12�(�10 +1 �� 0* ),&� *1�)#, *1 *(�*� +1  � *1�)# +1  �� ,�,0� 10(�� &,) ��10  � *!+� � �)(�/# 

* ,%" ���')��+,%". 

�/,�,%�10 ��#�%*� ���  �� �)0 �  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40-D60. 
 
 
 
 
 
 
 
 
 
 
 
 
 
�/,�,%�10 �0��/�" +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C40 /�� D60 �� 0* ,�(�. 

  

A B 

C D 

BPFI BPFO 

(a) 

(b) 
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!���	�� 7.7 ��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C40 /�� D60 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax BPFO BPFI � 

ICA Fixed Point BPFI BPFO O 

PearsonICA BPFI BPFO O 

Parra Temporal 
Predictability 

BPFO BPFI BPFO BPFI 

BPFI BPFO O 

   �����! * � *1�)# &') �*�"  �� *%�$%�*+���� *�+# �� 

Infomax BPFI BPFO � 

ICA Fixed Point BPFI BPFO N 

PearsonICA BPFI BPFO N 

Parra Temporal 
Predictability 

BPFO BPFI BPFI BPFO 

BPFI BPFO N 

 

 

:��" &�0�1 �� ��'  ,� �0��/� 7.7, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40 /�� D60 

($���$! +1�#�� ��,+#/)%�*�  �� ��*�� !)�� ��'  �" ����" ��#��"), /�� ,�  �**1)�" ���')��+,� 

/� �&�)�,%� �� $��(�)0*,%�  � *%�$%�*+��� *!+� �, * � “�)(�/#” ����0� *!+� � (* �� 

�)��+� �/' � � $1� �)'/1� �� ���  � �)(�/# ����0� *!+� �, ���# ��� scaled 1/$,(�"  �� �)(�/.� 

����0�� *�+# ��). 

:��" /�� * � +1�#�� �1�)�+� �/! $�# �2� (Large Test Rig) � *� /�� * � +�/)! �1�)�+� �/! $�# �2� 

(Small Test Rig), �% ' �,% ��)� �)10 �� * �� �1)0� �*� '�,% , $��(�)�*+'" 10��� /��'" 10���  , 

12!": ��'  ,%"  �**1)�" ���')��+,%" $��(�)�*+,-, ���� , ���')��+," Infomax 10��� *1 ��*� �� 

1� ,�031� /��  �� ���!  ,% 1/#* , 1 $��(�)�*+��,% *!+� ,". �% ' ��,$1�/�-1 �� /�� +1 �����! * � 

*1�)# &') �*�"  �� *%�$%�*+���� *�+# ��.  

	-+&��� +1  �� �)(�/! *1�)# &') �*�"  �� *�+# �� '��" &�0�1 �� /�� ��'  ,� �0��/� 6, /�� ,� 

 �**1)�" ���')��+,� $��(�)03,%� /��#  � *%�$%�*+��� *!+� �, ���� +'�, , ���')��+," Infomax 

1+&��031�  � $��(�)�*+��� *!+� �, *-+&��� +1  �� ���+1�'+1�� *1�)#. 

���#3,� �"  .)�  � *1�)# &') �*�", �(,� �" (�0��/�" 7.7) /�� ,�  �**1)�" ���')��+,� $��(�)03,%� 

/�� �#��  � *!+� �, , ���')��+," Infomax 1+&��031�  � $��(�)�*+��� *!+� �, *-+&��� +1  �� 

���+1�'+1�� *1�)#, 1�. /�� ,� %�'�,��,� ���')��+,� 1+&��03,%�  � $��(�)�*+��� *!+� �, *-+&��� 

+1  �� ���+1�'+1�� *1�)#, � ,�,0� '+�" 10��� 0$�� +1  �� �),��,-+1�� *1�)# 1+&#��*�"  �� 

$��(�)�*+���� *�+# ��. 

��' 1$. �0�1 �� �� ���� ', ' � +'�, , ���')��+," Infomax, +�,)10 �� 1� ,�031�  �� ���!  ,% 

1/#* , 1 $��(�)�*+��,% *!+� ,". 

�/,�,%�,-� *(!+� � (7.62, 7.63), '�,% ��),%*�#3,� �� ,� /%+� ,+,)&�" /��  � &#*+� �  �� 

*%�$%�*+���� *�+# �� (�)0" �� �(1� �)��+� ,�,���10 &�� )#)�*+� /�� *(!+� (7.64) +1  � 

��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� (0$�� ��� '�,%"  ,%" ���')��+,%"). 
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��� /#�1 ���� ��'  ,%" ���')��+,%" $��(�)�*+,- /�� ���  �� �)(�/! *1�)# &') �*�"  �� 

*%�$%�*+����, ��),%*�#3,� �� 1�/'�1" +1  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� 

*�+# �� ��� �� $1�(�10 /�� �,�, �/# ' � ��� �% �"  �" ��*1�"  �� ��*�� !)��, ,� ���')��+,� 

$��(�)03,%�  � *%�$%�*+��� *!+� �, ���# +'�, , ���')��+," Infomax +�,)10 �� 1� ,�031� /��  �" 

����". 

 

 

 �
�� 7.62 �%+� ,+,)&�"  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60, (�)0" &�� )#)�*+� 

 

 

 �
�� 7.63 7#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60, (�)0" &�� )#)�*+� 
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 �
�� 7.64 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60 

 

 

:��" &�0�1 �� ��'  , *(!+� 7.64  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� *�+# ��, 

1� ,�03,� �� � BPFO /�� ,� �)+,��/�"  �", /�� � BPFI, � ,�,0� '+�" �(1� �#)� �,�- +�/)' ��# ,", 

	%�/)� �/# +1  �" �),��,-+1�1" $-,  ,�,�1 !*1�"  �� ��*�� !)��,  � ��# �  �� ��(+.� '�,% 

1� ,�03,� �� ,� *%(�' � 1" BPFO /�� BPFI, 10��� ��, +1�#�� ���&,)�/# +1  � *%(�' � � BPFO, 1�. 

���  � *%(�' � � BPFI 10��� +�/)' 1)�. 

�/,�,%�,-� *(!+� � +1  � ��, 1��*+� � $��(�)�*+,-, +1  ,%" ��*�� !)1" �� �)0*/,� �� * �" 

��*1�" C40-D60, ���#  � *1�)# &') �*�"  �� *�+# �� �� �(1� ���#21� /�� �� 10��� 

BPFOX1 . ($���$! * , �). , *%�$%�*+��, *!+� �� %�1)�(1� � *%(�' � � BPFO) /�� 

BPFIX 2 . ($���$! * , $1- 1), *%�$%�*+��, *!+� �� %�1)�(1� � *%(�' � � BPFI). 

 

(a) 

(b) 
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 �
�� 7.65 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 

:��" &�0�1 �� ��'  , &#*+�  �� ��,$��+,)&�+���� $��(�)�*+���� *�+# �� (*(!+� 7.65), , 

���')��+," Infomax ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40-D60 $��(�)031� 

�,�- /��#  � *!+� �. ��)� �).� �"  , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ," U1 

(*(!+� 7.65a), &�0�,� �� � *%(�' � �  �" &�,)#" * ,� 12� 1)�/' $�/ -��,, BPFO /�� ,� �)+,��/�" 

 �" �,% *(1 031 �� +1  � *%�/1/)�+��� ��#��. 

��'  , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ," U2 (*(!+� 7.65b), 1� ,�03,� �� ,� 

 �(- � �  ,% #2,�� �1)�* ),&!" /�� �)+,��/�"  �", /��." /�� � *%(�' � �  �" &�,)#" * ,� 

1*� 1)�/' $�/ -��,, BPFI /�� �)+,��/�"  �", +1  �" ��1%)�/�"  �" ��(+�" �� �*���(,%� /� # shaftf* .  

�# � �,% ��)� �)10 �� ��'  , ��,$��+,)&�+��, &#*+�  ,% U2 (*(!+� 7.65b), 10��� ' � 1+&��031 �� 

+0� ��(+! +1 *%(�' � � 135.5Hz �,% �*,$%��+10 +1  �� 5� �)+,��/!  �" BPFO ((�)0" �% ' 

���)�0 � � �� *�+�0�1� ' � �)'/1� �� ���  �� 5BPFO). ��' �% ' �0�1 �� �� ���� ' ' � $1� 

�)��+� ,�,�10 ��  ��1�," $��(�)�*+'"  �� *�+# ��, ���# ��� +�/)' �,*,* ' ���),&,)0�"  �" 

*%(�' � �" BPFO �1)�#1� * , *!+� U2 �,% �&,)#  � &�,)# * ,� 1*� 1)�/' $�/ -��, *%(�' � �" 

BPFI. 

���&,)�/# +1  ,� 1� ,��*+'  �� ���.�, &�0�1 �� 21/#��)� ' � , ���')��+," Infomax 1� ,�031� /�� 

 �� ���!  ,% $��(�)�*+��,% *!+� ,", �&,- ���  � *1�)# &') �*�"  �� *%�$%�*+���� *�+# �� �,% 

10��� BPFOX1 .  ($���$! * , �). , *%�$%�*+��, *!+� �� %�1)�(1� � &�,)# * ,� 12� 1)�/' 

$�/ -��, *%(�' � �" BPFO) /�� BPFIX 2 .  ($���$! * , $1- 1), *%�$%�*+��, *!+� �� %�1)�(1� 

� &�,)# * ,� 1*� 1)�/' $�/ -��, *%(�' � �" BPFI),  � $��(�)�*+��� *!+� � 1+&��03,� �� +1 *1�)# 

(a) 

(b) 
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BPFOU1 .  /�� BPFIU2 . , $���$! , Infomax $��(�)031�  � *!+� � /��  � 1+&��031� /� # 

�� �* ,�(0� +1  �� *1�)# &') �*�". 

 

 
 �
�� 7.66 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax 

 

 

��'  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� # Infomax, &�0�1 �� ' � ,� /),%* �/,0 ���+,0 

(�(,%� 1���1(�10 ,)�*+��,�  %(�0�) * , $��(�)�*+��, *!+� U1 (*(!+� 7.66a) ('�,% �(1� �0�1� 1* 0�*� 

��� /��- 1), 1� ,��*+'), �*���(,%� /� # sec BPFO1  1�,+���" *%+�1)�0�1 �� ' � * , U1 

1+&��03,� �� /),%* �/,0 ���+,0 �,% �),/��,-� �� ��' &�,)# * ,� 12� 1)�/' $�/ -��,. 

��'  , $��(�)�*+��, *!+� U2 (*(!+� 7.66b), 1� ,�03,� �� /),%* �/,0 ���+,0 �,% �*���(,%� /� # 

sec f1 shaft , �)#�+� �,% %�,$��.�1� ' � �)'/1� �� ��� /),%* �/,-" ���+,-" �,% �),/��,-� �� ��' 

&�,)# * ,� 1*� 1)�/' $�/ -��,. 

 

 

�/,�,%�,-�, � /%+� ,+,)&!  �� $��(�)�*+���� *�+# �� (10��� 0$�� /�� ���  ,%"  )1�" 

���')��+,%") /��  � ��,$��+,)&�+��� &#*+� �, ���  ,%" %�'�,��,%" ���')��+,%" $��(�)�*+,- 

(ICA Fixed Point, PearsonICA /�� Parra Temporal Predictability). 

 

(a) 

(b) 
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 �
�� 7.67 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,%" ���')��+,%" ICA, PearsonICA /�� Parra 

Temporal 

 

 

�, �). , �)#�+� �,% �0�1 �� �� ���� ' ����,� �"  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� 

(*(!+� 7.67) /�� *%�/)� �/# +1  �" �� 0* ,�(1" �,% �$�*1 , ���')��+," Infomax, 10��� ' � �0�1 �� +1� 

/��'" $��(�)�*+'"  �� *�+# �� ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� (��*1�" C40-D60), 

���� $1� +�,)10 �� �0�1� 1� ,��*+'"  �" ���!" ��'  �� ,�,0� �),!��1  , /#�1 ��� ��'  � 

$��(�)�*+��� *!+� �, �&,- 1�. � *1�)# &') �*�"  �� *�+# �� 10��� BPFOX1 .  ($���$! * , 

�). , *%�$%�*+��, *!+� �� %�1)�(1� � &�,)# * ,� 12� 1)�/' $�/ -��, +1 *%(�' � � BPFO) /�� 

BPFIX 2 .  ($���$! * , $1- 1), *%�$%�*+��, *!+� �� %�1)�(1� � &�,)# * ,� 1*� 1)�/' 

$�/ -��, +1 *%(�' � � BPFI),  � $��(�)�*+��� *!+� � 1+&��03,� �� +1 *1�)# BPFIU1 .  (*(!+� 

7.67a) /�� BPFOU2 .  (*(!+� 7.67b). 

	%�1�.", ��' 1$. 12#�1 �� ' � ,� ���')��+,� ICA Fixed Point, PearsonICA /�� Parra Temporal 

Predictability ��� +�,),-� �� 1� ,�0*,%�  �� ���! ��'  ��  ,�,0� �),�)(1 ��  , /����� ��'  � 

$��(�)�*+��� *!+� �. 

 

(a) 

(b) 
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 �
�� 7.68 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, ICA Fixed Point 

 

 
 �
�� 7.69 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, PearsonICA 

 

 

(a) 

(b) 

(a) 

(b) 
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 �
�� 7.70 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Parra Temporal 

 

 

��'  � ��,$��+,)&�+��� &#*+� �  �� $��(�)�*+���� *�+# �� ���  ,%" ���')��+,%" PearsonICA 

/�� Parra Temporal Predictability (*(!+� � 7.68, 7.69 /�� 7.70), &�0�1 �� ' � /�� ,�  )1�" ���')��+,� 

$��(�)03,%� /��#  � *%�$%�*+��� *!+� � ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" 

C40-D60, '+�" $1� +�,),-� �� 1� ,�0*,%�  �� ���! ��#��" ��'  �� ,�,0� �),�)(1 ��  , 1/#* , 1 

$��(�)�*+��, *!+�. 

	 , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ," U1 (*(!+� � 7.68a, 7.69a, 7.70a), 

1� ,�03,� �� �  �(- � �  ,% #2,�� �1)�* ),&!" /�� ,� �)+,��/�"  �", /��." /�� � *%(�' � � BPFI 

/�� �)+,��/�"  �", *%+�1)�0�,� �" ' �  , U1 �&,)#  � &�,)# * ,� 1*� 1)�/' $�/ -��,, 1�. * , 

&#*+�  ,% U2 (*(!+� � 7.68b, 7.69b, 7.70b) 1� ,�031 �� � *%(�' � � BPFO /�� ,� �)+,��/�"  �", 

*%+�1)�0�,� �" ' �  , U2 �&,)#  � &�,)# * ,� 12� 1)�/' $�/ -��,. 

:��" /�� * , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# ��  ,% ���')��+,% Infomax, � *� 

/�� 1$., 1+&��031 �� * , &#*+�  ,% U1 (*(!+� � 7.68a, 7.69a, 7.70a) +0� ��(+! +1 *%(�' � � 

135.5Hz �,% �*,$%��+10 +1  �� 5� �)+,��/!  �" BPFO ((�)0" �% ' ���)�0 � � �� *�+�0�1� ' � 

�)'/1� �� ���  �� 5BPFO). ��' �% ' �0�1 �� �� ���� ' ' � ,- 1 ,� ���')��+,� ICA, PearsonICA /�� 

Parra Temporal Predictability �)��+� ,�,�,-�  ��1�, $��(�)�*+'  �� *�+# ��, ���# ��� +�/)' 

�,*,* ' ���),&,)0�"  �" &�,)#" * ,� 12� 1)�/' $�/ -��, (*%(�' � �" BPFO) �1)�#1� * , *!+� U1 

�,% �&,)#  � &�,)# * ,� 1*� 1)�/' $�/ -��,. 

 

 

 

 

 

(a) 

(b) 
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7.3  ���������� 

 

 

��� * �" $-, �1�)�+� �/�" $�� #21�" (Large Test Rig /�� Small Test Rig), �)��+� ,�,�!��/1 

$��(�)�*+'"  �� *%�$%�*+���� *�+# �� �,% �&,),-*�� &�,)# * ,� 12� 1)�/' $�/ -��, 

*%(�' � �" BPFO /�� &�,)# * ,� 1*� 1)�/' $�/ -��, *%(�' � �" BPFI, ���  )1�" $��&,)1 �/�" 

 ,�,�1 !*1�"  �� ��*�� !)��� ,)�#��� *1 *(�*� +1  �" ��*1�" * �" ,�,01" 1$)#3,� �� ,� ��*&��),� 

 )��10" �,% &�),%�  �� 1/#* , 1 &�,)#, +1 ()!*�  1**#)�� ���,)0�+�� $��(�)�*+,-, Infomax, ICA 

Fixed Point, PearsonICA /�� Parra Temporal Predictability. 

��'  � �1�)�+� �/# ��, 1��*+� � +�,),-� �� 12�(�,-�  � �/'�,%�� *%+�1)#*+� �: 

5. �'*, * � +1�#�� �1�)�+� �/! $�# �2� '*, /�� * � +�/)! �1�)�+� �/! $�# �2�, ,� ���')��+,� 

/� #&1)�� �� /#�,%� /��' $��(�)�*+'  �� *%�$%�*+���� *�+# ��, ��� ��� ����  ,�,�� �*� 

 �� ��*�� !)��� ,)�#���. 

6. 	 � +1�#�� �1�)�+� �/! $�# �2� (Large Test Rig), ,� ���')��+,� �)��+� ,�,0�*�� /��' 

$��(�)�*+'  �� *%�$%�*+���� *�+# ��, +1  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75. 

7. 	 � +�/)! �1�)�+� �/! $�# �2� (Small Test Rig), ,� ���')��+,� �)��+� ,�,0�*�� /��' 

$��(�)�*+'  �� *%�$%�*+���� *�+# ��, +1  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40-D60. 

8. ��'  �" ��)� �)!*1�" 2 /�� 3 12#�1 �� ��� �#)� �,�- *�+�� �/' *%+��)�*+�: *� 

����������� ���������� ���� 	�� � �������� ��� ���������� ��� ���������� 

������ ����� ���� �6�������� ��� ��� ,���� ��� ������ ����,�������� �� ��,��
��� 

������ � ��� �� ��� ,���� ��� ������ ����7����� �� �������� �������. 

9. ��'  ,%"  �**1)�" ���')��+,%" �,% ()�*�+,�,�,-� �� ���  ,� $��(�)�*+'  �� *%�$%�*+���� 

*�+# ��, +'�, , Infomax ��)� ��'  ,� $��(�)�*+'  �� *%�$%�*+���� *�+# �� (* �" 

�1)�� .*1�" '�,%  � *%�$%�*+��� *!+� � $��(�)03,� ��), +�,)10 �� 1� ,�031� /��  �� ���! ��' 

 �� ,�,0� �),�)(1 ��  , /#�1 ��� ��'  � $��(�)�*+��� *!+� �. 

10. ���,", �/'+� /�� * �� �1)0� �*� �,% �0�1 �� /��'" $��(�)�*+'", /�����" ��'  ,%"  �**1)�" 

���')��+,%" $1� /� #&1)1 �� /#�1�  ��1�, $��(�)�*+'  �� *�+# ��. �� ��� �" /�� ,�  �**1)�" 

���')��+,� 1�$�/# * � (+�/)! �1�)�+� �/! $�# �2�), 1+&#��*�� +�/)' �,*,* ' ���),&,)0�" �,% 

*(1 �3' �� +1  � &�,)# * ,� 12� 1)�/' $�/ -��, (*%(�' � �" BPFO), * , $��(�)�*+��, *!+� 

�,% *(1 �3' �� +1  � &�,)# * ,� 1*� 1)�/' $�/ -��, (*%(�' � �" BPFI). 
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)������� 8 
-��������	�� !���������� ��� !��������	�� ����
��� 

 

	 , /1&#���, 8, �)��+� ,�,�10 �� %�,�,��* �/! �),*,+,0�*�  �� �1�)�+� �/.� $�� #21�� �,% 

+1�1 !��/�� * , /1&#���, 8, /��." /�� '���  �� �1�)�+� �/.� +1 )!*1��. � �'�," �,% 

�)��+� ,�,�!��/1 %�,�,��* �/! �),*,+,0�*�  �� �1�)�+� �/.� $�� #21�� /��  �� �1�)�+� �/.� 

+1 )!*1��, 10��� ��� �� $1�(�10 /� # �'*, *%+&��,-�  � ��, 1��*+� �  �� �1�)�+� �/.� 

+1 )!*1��, +1  � ��, 1��*+� � ��'  �� %�,�,��* �/! �),*,+,0�*�  �� �1�)�+� �/.� +1 )!*1��. 

�1 �% '  ,�  )'�, 12�*&��031 �� � 1�/%)' � � /�� �2�,��* 0�  �� �1�)�+� �/.� +1 )!*1��, 

��, 1�1*+# �� /��  �� *%+�1)�*+# ��. 

�, /1&#���, 8 ���� -**1 �� �" 12!":  

	 � 1�' � � 8.1 �)��+� ,�,�10 �� � %�,�,��* �/! �),*,+,0�*�  �" �1�)�+� �/!" $�# �2�" Large 

Test Rig ���  �" $-, $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��� ,)�#���, '�,% ��),%*�#31 �� � 

$�# �2� +1 %�,�,��* �/! �),*,+,0�*�,  � Mode Shapes '��" �),/-� ,%� ��'  �� �)��+� �/! 

�1�)�+� �/! $�# �2� /�� ,� *%(�' � 1" BPFI /�� BPFO, '��" +1 )!��/�� ��'  �� ��#�%*�  �� 

�1�)�+� �/.� ��, 1�1*+# �� * �� 1�' � � 7.2.1. ��'  � *!+� �  �� �),*,+,��+���� +1 )!*1��, 

�0�1 �� $��(�)�*+'"  �� *%�$%�*+���� *�+# �� +1 ()!*�  ,% ���')��+,% Infomax (, ,�,0,", '��" 

�(1� ��,$1�(�10 ��'  � /1&#���� 6 /�� 7, $0�1�  � /��- 1)� ��, 1��*+� �, /�� 1� ,�031� /��  �� ���! 

 ,% /��1�'" ��'  � $��(�)�*+��� *!+� �). �� ��, 1��*+� �  ,% $��(�)�*+,-, ��),%*�#3,� �� 

�,�, �/# +1 *(!+� � /�� �0�1 �� *-�/)�*�  �� ��)��'+1��� *(�+# �� $��(�)�*+,-, +1  � 

�� 0* ,�(� *(!+� � $��(�)�*+,-  �� �)��+� �/.� �1�)�+� �/.� +1 )!*1�� /�� 12#�,� �� 

*%+�1)#*+� �. 

	 �� 1�' � � 8.2 �)��+� ,�,�10 �� � %�,�,��* �/! �),*,+,0�*�  �" �1�)�+� �/!" $�# �2�" Small 

Test Rig ���  �"  )1�" $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��, '�,% ��),%*�#31 �� � $�# �2� +1 

%�,�,��* �/! �),*,+,0�*�,  � Mode Shapes '��" �),/-� ,%� ��'  �� �)��+� �/! �1�)�+� �/! 

$�# �2� /�� ,� *%(�' � 1" BPFO /�� BPFI, '��" +1 )!��/�� ��'  �� ��#�%*�  �� �1�)�+� �/.� 

��, 1�1*+# �� * �� 1�' � � 7.2.2. ��'  � *!+� �  �� �),*,+,��+���� +1 )!*1��, �0�1 �� 

$��(�)�*+'"  �� *%�$%�*+���� *�+# �� +1 ()!*�  ,% ���')��+,% Infomax. �� ��, 1��*+� �  ,% 

$��(�)�*+,-, ��),%*�#3,� �� �,�, �/# +1 *(!+� � /�� �0�1 �� *-�/)�*�  �� ��)��'+1��� *(�+# �� 

$��(�)�*+,-, +1  � �� 0* ,�(� *(!+� � $��(�)�*+,-  �� �)��+� �/.� �1�)�+� �/.� +1 )!*1�� /�� 

12#�,� �� *%+�1)#*+� �. 

���  �� �),*,+,0�*�  �� �1�)�+� �/.� $�� #21��, ()�*�+,�,�!��/1  , %�,�,��* �/' �1)��#��,� 

SolidWorks (SolidWorks Simulation), /�� ���  ,� ���')��+, $��(�)�*+,-  , %�,�,��* �/' 

�1)��#��,� Matlab. 
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8.1 !�������� ��� !��������	
� �����6�� ���� ����� 

 

� �1�)�+� �/! $�# �2� Large Test Rig ��),%*�#31 �� * � *!+� � 7.1, 7.14 /�� 7.15  ,% /1&���0,% 7. 

	 � *(!+� � 8.1 ��" /�� 8.8 , ��),%*�#31 �� � %�,�,��* �/# �),*,+,��+��� $�# �2� Large Test Rig 

/�� ,� �$�,+,)&�" �,% ��),%*�#3,� �� ���  �" �$�,*%(�' � 1" 1447.5Hz (�,% $�1�10)1 �� �'�� &�,)#" 

* ,� 1*� 1)�/' $�/ -��,) /�� 544.52Hz (�,% $�1�10)1 �� �'�� &�,)#" * ,� 12� 1)�/' $�/ -��,). ��, 

*%�/1/)�+���, * � ��*� A 1$)#31 �� ��*&��),"  )����" �,% &�)1� &�,)# * ,� 1*� 1)�/' $�/ -��, 

(BPFI=150Hz /� # SKF /�� %�,�,��*+��� ��'  �" �),*,+,�.*1�"  �� �1�)�+� �/.� +1 )!*1�� 

148HzBPFI+ ) /�� * � ��*� B 1$)#31 �� ��*&��),"  )����" �,% &�)1� &�,)# * ,� 12� 1)�/' 

$�/ -��, (BPFO=106Hz /� # SKF /�� %�,�,��*+��� ��'  �" �),*,+,�.*1�"  �� �1�)�+� �/.� 

+1 )!*1�� /1&. 8 108Hz-107BPFO+ ). 

 

 

 �
�� 8.1 �, �),*,+,��+��, +,� ��,  �" �1�)�+� �/!" $�# �2�" Large Test Rig 

 
 

 

 �
�� 8.2 � $��+!/�"  ,+!  ,% �),*,+,��+��,% +,� ��,%  �" $�# �2�" Large Test Rig 
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 �
�� 8.3 �1���%�*�  ,% �),*,+,��+��,% +,� ��,% Large Test Rig, * �� #��, �" �),"  �  ),(��0� ��*� 

 

 

 

 �
�� 8.4 �1���%�*�  ,% �),*,+,��+��,% +,� ��,% Large Test Rig, * �� 1��-", �" �),"  �  ),(��0� ��*� 

 

�� (�)�/ �)�* �/#  �" �1�)�+� �/!" $�# �2�" Large Test Rig, �,% ()�*�+,�,�!��/�� ���  � 

$�+�,%)�0�  ,% �),*,+,��+��,% +,� ��,% 10���  � �/'�,%��: 

 

-��	� �������� (	���� ��� ��� �� �������): �#�%��" 
�� ), ���* �/' � �": 210000MPa 
�'�," Poisson:  0.28 
�%/�' � �:  7800kg/m3 
 
 ������� �������� 
�1�1)�*+��� 	 ,�(10� (�	): �1 )�1$)�/# (�%)�+�$�/#) 10-/,+��/# 
��!�," (�.	.): 67874 
��!�," /'+���: 125764 
��!�," 
��+.� ��1%�1)0�": 376554 
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 �
�� 8.5 �, ����+�  ,% �),*,+,��+��,% +,� ��,% Large Test Rig 

 

 

 �
�� 8.6 � �,�' � � ����+� ,"  ,% �),*,+,��+��,% +,� ��,% Large Test Rig, �'�," ��1%).� (Aspect Ratio) 

 

!������� ��������� 

�,*,* ' �.	. +1 �'�, ��1%).� (AspectRatio)< 3: 85.3% 

�,*,* ' �.	. +1 �'�, ��1%).� (AspectRatio)>10: 0.124% 

�,*,* '* )1��,+�����.	. (distortedelements): 0% 
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 �
�� 8.7 �$�,+,)&!  ,% �),*,+,��+��,% +,� ��,% Large Test Rig, ���  �� �$�,*%(�' � � 1447.5Hz 

 

 

 

 �
�� 8.8 �$�,+,)&!  ,% �),*,+,��+��,% +,� ��,% Large Test Rig, ���  �� �$�,*%(�' � � 544.52Hz 

 

 

 

�/,�,%�,-�  � *(�+� �/# $���)#++� � 8.10 /�� 8.11, �,% ��),%*�#3,%�  � Mode Shapes �,% 

$�+�,%)�,-� �� +1 �#*�  �" ��)� �),-+1�1" �$�,*%(�' � 1"  �� 1447.5Hz /�� 544.52Hz /�� 

��1�/,�03,%�  , /��,��/,�,��+��, ��# ," �" �),"  , /��,��/,�,��+��, +!/,". �� Mode Shapes, 

'��" �(1� !$� ���&1)�10 ��'  �� 1�' � � 6.2.2, ()�*�+,�,�,-� �� ���  ,� %�,�,��*+'  �� 

*%� 1�1* .� Fi (! 7i), ,� ,�,0,� +1  � *1�)#  ,%" ()�*�+,�,�,-� �� ���  ,� %�,�,��*+'  �� 

*%�$%�*+���� *�+# �� ��'  ,%" ��*�� !)1" �,% 10���  ,�,�1 �+��,� * �" ��*1�" C /�� D ($���$! 

 � *%�$%�*+��� *!+� � XC /�� XD). 

�� *%�$%�*+��� *!+� � XC /�� XD $0�,� �� ��'  ,%"  -�,%" �,% �/,�,%�,-�: 

2B2C2B1A1C1AC h77  h77X //�//�  /�� 2B2D2B1A1D1AD h77  h77X //�//�  
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Frequency 1447Hz
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 �
�� 8.9 Mode Shape, '��" $��+,)&.�1 �� ���  �� �$�,*%(�' � � 1447.5Hz ($�1�1�)'+1�� ��'  � BPFI) 

 

 

Frequency 544Hz
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  �
�� 8.10 Mode Shape '��" $��+,)&.�1 �� ���  �� �$�,*%(�' � � 544.52Hz ($�1�1�)'+1�� ��'  � BPFO) 
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���,", �)��  �� ���)2�  ,% ���')��+,% $��(�)�*+,- Infomax, ��)� 0�1 �� , �0��/�" 8.1, +1  � 

�),*,+,��+��� *!+� � �,% $�+�,%)�!��/�� ���  �" $-, &�,)�"  �� ��*&��)��  )�����. 

 

!���	�� 8.1  

�),*,+,��+��� *!+� � +1 �#*�  ,%" ��*&��),%"  )��10" �,% ()�*�+,�,�!��/�� * � $�# �2� Large Test Rig 

Model 
setup 

BPFI BPFO 

sampling 
rate (Hz) 

10000 10000 

#samples 10000 10000 
fshaft Hz 16 16 

Fb Hz 149 108 
Md 1 1 

Fn (Hz) 1447.5 544.52 
Q 12 8 

Noisecoef 0.1 0.3 
Thmax 80 - 
Input 

factor e 
0.5 - 

Max load 
q0 

0.5 - 

VM 0.015 0.015 
g (slip) 0.6667 (~2.98%) 1 (~3.23%) 

 

 

�/,�,%�,-�  � *(�+� �/# $���)#++� �  �� ��, 1�1*+# �� $��(�)�*+,-, ���  �" $-, $��&,)1 �/�" 

 ,�,�1 !*1�"  �� ��*�� !)��. �)��1� �� *�+1���10 ' � $1� /)0��/1 ���)�0 � , �� �0�1� ��#�%*� 

 �� *�+# �� �,% �� ��),%*��* ,-� * � *%��(1�� (/%+� ,+,+,)&�" /�� &#*+� �) ��� 1-)1*� 

�1)�,$�/, ! ��, �&,-  � *!+� � �,% ()�*�+,�,�,-� �� 10��� �),*,+,��+��� /�� %�#)(1� 1/  �� 

�), �)�� ��.*�  �� (�)�/ �)�* �/.�  ,%" �1)�,$�/, ! ��. 

 

 

8.1.1 *���,���� ��� ��,��
��� ��� ,���� C40 	�� D60 

 

�/,�,%�10 , �0��/�" 8.2 +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C40 /�� D60 �� 0* ,�(�. 

 

!���	�� 8.2  

��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C40-D60 (�),*,+,0�*� Large Test Rig) 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax BPFI BPFO BPFI BPFO 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 
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:��" &�0�1 �� ��'  ,� �0��/� 8.2, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40 /�� D60 

($���$! +1�#�� ��,+#/)%�*�  �� ��*�� !)�� ��'  �" ����" ��#��"), , Infomax $1� +�,)10 �� 

$��(�)0*1�  � *%�$%�*+��� *!+� �, ���# /#�1 “$��(�)�*+��,” *!+�, �1)���+�#�1� ���),&,)0� /�� 

��'  �" 2 ����" ��#��" BPFO /�� BPFI. � ��)� !)�*� �% !, �)(1 �� *1 *%+&��0� +1  � �� 0* ,�(� 

��, 1��*+� �  �� �1�)�+� �/.� +1 )!*1��  �" 1�' � �" 7.2.1, ���  � $1$,+���  ,�,�� �*�  �� 

��*�� !)��. 

�/,�,%�10 *(!+�, '�,% ��),%*�#3,� ��  � ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� 

���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40 /�� D60. 

 

 

 

 
 �
�� 8.11 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60 

 

:��" &�0�1 �� ��'  , *(!+� 8.11, * � ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# ��, 

$��/)0�,� �� � *%(�' � � BPFO /�� ,� �)+,��/�"  �", /��." /�� � BPFI /�� � 2� �)+,��/!  �", ,� 

,�,01" '+�" �(,%� �#)� �,�- +�/)' ��# ," /�� 1� ,�03,� �� * , 1�0�1$�  ,% �,)-�,%. 

�/,�,%�10  , *(!+� 8.12 +1  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� 

���')��+, Infomax. 

� ���')��+," Infomax, ���  �" ��*1�" C40 /�� D60  �� ��*�� !)��� ,)�#���, $1� /� �&�)�1� �� 

$��(�)0*1�  � *%�$%�*+��� *!+� �, '��" &�0�1 �� 12#��,% /�� ��'  � ��,$��+,)&�+��� &#*+� � 

 ,% *(!+� ," 8.12 �,% �/,�,%�10. 	 � ��,$��+,)&�+��� &#*+� � /��  �� $-, $��(�)�*+���� 

*�+# ��, 1� ,�03,� ��  '*, � *%(�' � � BPFO '*, /�� � BPFI, �)#�+� �,% *�+�0�1� ' � �1)�#1� 

+�),"  �" ���),&,)0�" ��'  , ��� $��(�)�*+��, *!+� * , #��,. 

(a) 

(b) 
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 �
�� 8.12 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax (��*1�" C40-
D60) 

 

��'  �" ��)��#�� ��)� �)!*1�", +�,)10 �� 12�(�10  , *%+��)�*+� ' �  � �1�)�+� �/# 

��, 1��*+� � $��(�)�*+,- ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40 /�� D60, 

*%+&��,-� +1  � �� 0* ,�(� ��, 1��*+� � ��'  �� �),*,+,0�*�  �" �1�)�+� �/!" $�# �2�" Large 

Test Rig. 

 

8.1.2 *���,���� ��� ��,��
��� ��� ,���� C25 	�� D75 

 

�/,�,%�10 o �0��/�" 8.3 +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C25 /�� D75 �� 0* ,�(�. 

 

!���	�� 8.3  

��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C25-D75 (�),*,+,0�*� Large Test Rig) 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax BPFI BPFO BPFI BPFO BPFI BPFI N 

 

 

:��" &�0�1 �� ��'  ,� �0��/� 8.3, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75 

($���$! +�/)! ��,+#/)%�*�  �� ��*�� !)�� ��'  �" ����" ��#��"), , ���')��+," Infomax 

(a) 

(b) 
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/� �&�)�1� �� $��(�)0*1�  � *%�$%�*+��� *!+� �, * � “�)(�/#” ����0� *!+� � (* �� 

�)��+� �/' � � $1� �)'/1� �� ���  � �)(�/# ����0� *!+� �, ���# ��� scaled 1/$,(�"  �� �)(�/.� 

����0�� *�+# ��). 

�/'+� �% ' �,% ��)� �)10 �� *1 �% !  �� �1)0� �*� '�,% , $��(�)�*+'" 10��� /��'" 10���  , 12!": 

� ���')��+," Infomax 10��� *1 ��*� �� 1� ,�031� /��  �� ���!  ,% 1/#* , 1 $��(�)�*+��,% *!+� ,". 

�� ��)� �)!*1�" ���&,)�/#  ,% �0��/� 8.3 ���  � ��, 1��*+� � $��(�)�*+,- �)(,� �� *1 ��'�% � 

*%+&��0� +1  � �� 0* ,�(� ��, 1��*+� � $��(�)�*+,-  �� �1�)�+� �/.� +1 )!*1��, ���  � 

$1$,+���  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75. 

�/,�,%�10 *(!+�, '�,% ��),%*�#3,� ��  � ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� 

���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75. 

 

 

 �
�� 8.13 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75 

 

:��" &�0�1 �� ��'  , *(!+� 8.13, * � ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# ��, 

$��/)0�,� �� � *%(�' � � BPFO /�� ,� �)+,��/�"  �", ���# � BPFI $1� +�,)10 �� 1� ,��* 10. � 

$%*/,�0� 1� ,��*+,-  �" BPFI, ,&10�1 �� * , �1�,�'" ' �  � ��# �  �� /,)%&.� �,% �� �* ,�(,-� 

* � *%(�' � � BPFI 10��� �#)� �,�- +�/)#. 

�/,�,%�10  , *(!+� 8.14  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� 

���')��+, Infomax, /��  , *(!+� 8.15 +1  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# ��. 

 

(a) 

(b) 
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 �
�� 8.14 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax (��*1�" C25-
D75) 

 

 

��'  , &#*+�  �� ��,$��+,)&�+���� $��(�)�*+���� *�+# �� (*(!+� 8.14), , ���')��+," Infomax 

���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75 $��(�)031� �,�- /��#  � *!+� �. 

��)� �).� �"  , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ," U1 (*(!+� 8.14a), 

1� ,�03,� �� �  �(- � �  ,% #2,�� �1)�* ),&!" /�� �)+,��/�"  �", /��." /�� � *%(�' � � BPFI  �" 

&�,)#" * ,� 1*� 1)�/' $�/ -��, /�� �)+,��/�"  �", +1  �" ��1%)�/�"  ,%" ��(+�" �� �*���(,%� /� # 

shaftf* . ��'  , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ," U2 (*(!+� 8.14b), 

1� ,�03,� �� � *%(�' � � ��#��" BPFO /�� �)+,��/�"  �" �,% *(1 03,� �� +1  � *%�/1/)�+��� 

��#��. 

��'  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� # Infomax  ,% *(!+� ," 8.15 �,% �/,�,%�10, 

&�0�1 �� ' � ,� /),%* �/,0 ���+,0 (�(,%� 1���1(�10 ,)�*+��,�  %(�0�) * , $��(�)�*+��, *!+� U1 

(*(!+� 8.15a), �*���(,%� /� # sec f1 shaft , �)#�+� �,% %�,$��.�1� ' � �)'/1� �� ��� /),%* �/,-" 

���+,-" �,% �),/��,-� �� ��' &�,)# * ,� 1*� 1)�/' $�/ -��,, /�� * , $��(�)�*+��, *!+� U2 

(*(!+� 8.15b) ('�,% �(1� �0�1� 1* 0�*� ��� /��- 1), 1� ,��*+'), 1� ,�03,� �� /),%* �/,0 ���+,0 �,% 

�*���(,%� /� # sec BPFO1 , 1�,+���" *%+�1)�0�1 �� ' � * , U2 1+&��03,� �� /),%* �/,0 ���+,0 

�,% �),/��,-� �� ��' &�,)# * ,� 12� 1)�/' $�/ -��,. 

(a) 

(b) 
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 �
�� 8.15 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax (��*1�" C25-D75) 

 

 

��'  � *(!+� � 8.14 /�� 8.15 �),/-� 1�  , *%+��)�*+� ' � , ���')��+," Infomax ���  �� 

 ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75, $��(�)031� /��#  � *%�$%�*+��� *!+� � /�� 

+�,)10 �� 1� ,�0*1� /��  �� ���! ��'  �� ,�,0� �),�)(1 ��  , /����� ��'  � $��(�)�*+��� *!+� �. 

 

8.1.3  �������� 

 

� %�,�,��* �/! �),*,+,0�*�  �� �1�)�+� �/.� +1 )!*1�� ���  � $�# �2� Large Test Rig, $0�1� 

��, 1��*+� � �,% �)(,� �� *1 ��'�% � *%+&��0� +1  � �� 0* ,�(� ��, 1��*+� � $��(�)�*+,-  �� 

�1�)�+� �/.� +1 )!*1��, �)#�+� �,% 1���1���.�1�  �� 1�/%)' � �  '*,  �� �1�)�+� �/.� 

+1 )!*1��, '*, /��  �� ��, 1�1*+# �� $��(�)�*+,-, ���  � �1�)�+� �/! $�# �2� Large Test Rig. 

 

 

 

8.2 !�������� ��� !��������	
� �����6�� ��	�
� ����� 

 

� �1�)�+� �/! $�# �2� Small Test Rig ��),%*�#31 �� * � *!+� � 7.2, 7.16 /�� 7.17  ,% /1&���0,% 7. 

	 � *(!+� � 8.16 ��" /�� 8.22, ��),%*�#31 �� � %�,�,��* �/# �),*,+,��+��� $�# �2� Small Test 

Rig /�� ,� �$�,+,)&�" �,% ��),%*�#3,� �� ���  �" �$�,*%(�' � 1" 490Hz (�,% $�1�10)1 �� �'�� 

&�,)#" * ,� 12� 1)�/' $�/ -��,) /�� 3460Hz (�,% $�1�10)1 �� �'�� &�,)#" * ,� 12� 1)�/' 

$�/ -��,). ��, *%�/1/)�+���, * � ��*� A 1$)#31 �� ��*&��),"  )����" �,% &�)1� &�,)# * ,� 

12� 1)�/' $�/ -��, ( 34HzBPFO+  %�,�,��*+��� ��'  �" �),*,+,�.*1�"  �� �1�)�+� �/.� 

(a) 

(b) 
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+1 )!*1��) /�� * � ��*� B 1$)#31 �� ��*&��),"  )����" �,% &�)1� &�,)# * ,� 1*� 1)�/' $�/ -��, 

( 62.5HzBPFI+  %�,�,��*+��� ��'  �" �),*,+,�.*1�"  �� �1�)�+� �/.� +1 )!*1��). 

 

 

 �
�� 8.16 �, �),*,+,��+��, +,� ��,  �" �1�)�+� �/!" $�# �2�" Small Test Rig 

 

 

 �
�� 8.17 � $��+!/�"  ,+!  ,% �),*,+,��+��,% +,� ��,%  �" $�# �2�" Small Test Rig 
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 �
�� 8.18 �1���%�*�  ,% �),*,+,��+��,% +,� ��,% Small Test Rig, *1 ��*� * !)�2�"  ,% #2,�� 

 

 

�� (�)�/ �)�* �/#  �" �1�)�+� �/!" $�# �2�" Small Test Rig, �,% ()�*�+,�,�!��/�� ���  � 

$�+�,%)�0�  ,% �),*,+,��+��,% +,� ��,% 10���  � �/'�,%��: 

 

-��	� ��������� / �6��� / ��������: �#�%��" 

�� ), ���* �/' � �": 210000MPa 

�'�," Poisson:  0.28 

�%/�' � �:  7800kg/m3 

 

-��	� ��� ��� �� �������� �������: ��,%+0��, 

�� ), ���* �/' � �": 69000MPa 

�'�," Poisson:  0.33 

�%/�' � �:  2700kg/m3 

 

 ������� �������� 

�1�1)�*+��� 	 ,�(10� (�	): �1 )�1$)�/# (�%)�+�$�/#) 10-/,+��/# 

��!�," (�.	.):   66266 

��!�," /'+���:  111082 

��!�," 
��+.� ��1%�1)0�":  333246 
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 �
�� 8.19 �, ����+�  ,% �),*,+,��+��,% +,� ��,% Small Test Rig 

 

 

 �
�� 8.20 � �,�' � � ����+� ,"  ,% �),*,+,��+��,% +,� ��,% Small Test Rig, �'�," ��1%).� (Aspect 
Ratio) 

 

!������� ��������� 

�,*,* ' �.	. +1 �'�, ��1%).� (AspectRatio)< 3: 96.9% 

�,*,* ' �.	. +1 �'�, ��1%).� (AspectRatio)>10: 0.389% 

�,*,* ' * )1��,+���� �.	.     (distortedelements): 0% 
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 �
�� 8.21 �$�,+,)&!  ,% �),*,+,��+��,% +,� ��,% Small Test Rig, ���  �� �$�,*%(�' � � 489.976Hz 

 

 

 �
�� 8.22 �$�,+,)&!  ,% �),*,+,��+��,% +,� ��,% Small Test Rig, ���  �� �$�,*%(�' � � 3459.99Hz 

 

 

�/,�,%�,-�  � *(�+� �/# $���)#++� � 8.23 /�� 8.24, �,% ��),%*�#3,%�  � Mode Shapes �,% 

$�+�,%)�,-� �� +1 �#*�  �" ��)� �),-+1�1" �$�,*%(�' � 1"  �� 490Hz /�� 3460Hz /�� ��1�/,�03,%� 

 , /��,��/,�,��+��, ��# ," �" �),"  , /��,��/,�,��+��, +!/,". 
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Frequency 490Hz
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 �
�� 8.23 Mode Shape, '��" $��+,)&.�1 �� ���  �� �$�,*%(�' � � 490Hz ($�1�1�)'+1�� ��'  � BPFO) 

 

Frequency 3460Hz
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 �
�� 8.24 Mode Shape, '��" $��+,)&.�1 �� ���  �� �$�,*%(�' � � 3460Hz ($�1�1�)'+1�� ��'  � BPFI) 

 

 

���,", �)��  �� ���)2�  ,% ���')��+,% $��(�)�*+,- Infomax, ��)� 0�1 �� , �0��/�" 8.4, +1  � 

�),*,+,��+��� *!+� � �,% $�+�,%)�!��/�� ���  �" $-, &�,)�"  �� ��*&��)��  )�����. 
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!���	�� 8.4  

�),*,+,��+��� *!+� � +1 �#*�  ,%" ��*&��),%"  )��10" �,% ()�*�+,�,�!��/�� * � $�# �2� Small Test Rig 

Model 
setup 

BPFO BPFI 

sampling 
rate (Hz) 

10000 10000 

#samples 10000 10000 
fshaft Hz 10.5 10.5 

Fb Hz 34 62.5 
Md 1 1 

Fn (Hz) 490 3460 
Q 8 10 

Noisecoef 0.3 0.05 
Thmax - 80 
Input 

factor e 
- 0.5 

Max load 
q0 

- 0.5 

VM 0.015 0.015 
g (slip) 2 (~2.04%) 1 (~1.87%) 

 

 

�/,�,%�,-�  � *(�+� �/# $���)#++� �  �� ��, 1�1*+# �� $��(�)�*+,- (&#*+� � /�� 

/%+� ,+,)&�"), ���  �"  )1�" $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)��. 

 

 

8.2.1 *���,���� ��� ��,��
��� ��� ,���� C10 	�� D90 

 

�/,�,%�10 , �0��/�" 8.5 +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C40 /�� D60 �� 0* ,�(�. 

 

!���	�� 8.5  

��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C10-D90 (�),*,+,0�*� Small Test Rig) 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax BPFI BPFO BPFI BPFO 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

 

 

:��" &�0�1 �� ��'  ,� �0��/� 8.5, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C10 /�� D90 

(�#�� �,�- /,� # * �" ����" ��#��"), , Infomax $1� +�,)10 �� $��(�)0*1�  � *%�$%�*+��� *!+� �, 

���# /#�1 “$��(�)�*+��,” *!+�, �1)���+�#�1� ���),&,)0� /�� ��'  �" 2 ����" ��#��" (&�,)# * ,� 

12� 1)�/' /�� &�,)# * ,� 1*� 1)�/' $�/ -��,) +1 *%(�' � 1" BPFO /�� BPFI. � ��)� !)�*� �% !, 
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�)(1 �� *1 *%+&��0� +1  � �� 0* ,�(� ��, 1��*+� �  �� �1�)�+� �/.� +1 )!*1��  �" 1�' � �" 

7.2.2, ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)��. 

�/,�,%�10  , *(!+� 8.25, '�,% ��),%*�#3,� ��  � ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� 

*�+# ��. 

 

 

 �
�� 8.25 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C10-D90 

 

:��" &�0�1 �� ��'  , *(!+� 8,25  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� *�+# ��, 

1� ,�031 �� +'�, � *%(�' � � BPFO �,% �&,)#  � &�,)# * ,� 12� 1)�/' $�/ -��, ('�1" ,� ��(+�" 

�&,),-� �)+,��/�"  �" BPFO). �, �1�,�'" ' � $1� +�,)10 �� 1� ,��* 10 � *%(�' � � BPFI +�,)10 �� 

$�/��,�,���10 �'��  ,% 10$,%"  �" ��#��" (BPFI, &�,)# * ,� 1*� 1)�/' $�/ -��,, �,% *�+�0�1� ' � 

� “$��$),+!” �,% �(1� �� $���-*1�  , *!+� �,% ,&10�1 �� * � &�,)# * ,� 1*� 1)�/' $�/ -��,  ,% 

��*&��),%  )���� 10��� �,�- +1���- 1)� *1 *(�*� +1  , *!+� �,% ,&10�1 �� * � &�,)# * ,� 

12� 1)�/' $�/ -��,), ���# /�� �'��  �" �)/1 # +�/)' 1)�" (*1 +��1�,") �1�)�+� �/!" $�# �2�". 

:��" &�0�1 �� ��'  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� ��'  ,� ���')��+, 

Infomax (*(!+� 8.26), ��,$1�/�-1 �� /�� �,�, �/# ' � ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" 

��*1�" C10 /�� D90 $1� +�,)10 �� �)��+� ,�,���10 $��(�)�*+'". �)#�+� � 121 #3,� �"  , *(!+� 

8.26, ��)� �)10 �� ' � /�� * � $-, &#*+� �  �� “$��(�)�*+����” *�+# ��, %�#)(,%� ���),&,)01" 

�,% *(1 03,� �� /�� +1  �" $-, ����" ��#��", �,% *�+�0�1� ' � $1� �(,%� $��(�)�* 10  � *!+� �. 

��'  �" ��)��#�� ��)� �)!*1�", +�,)10 �� 12�(�10  , *%+��)�*+� ' �  � �1�)�+� �/# 

��, 1��*+� � $��(�)�*+,- ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C10 /�� D90, 

*%+&��,-� +1  � �� 0* ,�(� ��, 1��*+� � ��'  �� �),*,+,0�*�  �" �1�)�+� �/!" $�# �2�" Small 

Test Rig. 

(a) 

(b) 
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 �
�� 8.26 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax (��*1�" C10-
D90) 

 

 

8.2.2 *���,���� ��� ��,��
��� ��� ,���� C25 	�� D75 

 

�/,�,%�10 , �0��/�" 8.6 +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C25 /�� D75 �� 0* ,�(�. 

 

!���	�� 8.6  

��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C25-D75 (�),*,+,0�*� Small Test Rig) 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax BPFI BPFO BPFI BPFO 
BPFO & 

BPFI 
BPFO & 

BPFI 
� 

 

 

:��" &�0�1 �� ��'  ,� �0��/� 9.6, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75 

(+�/)! ��,+#/)%�*� ��'  �" ����" ��#��"), , ���')��+," Infomax $1� +�,)10 �� $��(�)0*1�, ,- 1 

��� �% !  �  ,�,�� �*�  �� ��*�� !)��,  � *%�$%�*+��� *!+� �, ���# /#�1 “$��(�)�*+��,” *!+�, 

�1)���+�#�1� ���),&,)0� /�� ��'  ,%" 2  -�,%" &�,)#" +1 *%(�' � 1" BPFO /�� BPFI. � 

��)� !)�*� �% !, �)(1 �� *1 *%+&��0� +1  � �� 0* ,�(� ��, 1��*+� �  �� �1�)�+� �/.� 

+1 )!*1��  �" 1�' � �" 7.2.2, ���  � $1$,+���  ,�,�� �*�  �� ��*�� !)��. 

(a) 

(b) 
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�/,�,%�10  , *(!+� 8.27, '�,% ��),%*�#3,� ��  � ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� 

*�+# ��. 

 

 

 �
�� 8.27 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C25-D75 

 

 

:��" &�0�1 �� ��'  , *(!+� 8.27  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� *�+# ��, 

1� ,�03,� ��, � BPFO /�� �)+,��/�"  �", ���# /�� 1$. $1� +�,)10 �� 1� ,��* 10 � *%(�' � � BPFI, 

�'��  ,% �,�- +�/),-  �" ��# ,%", (�)0" �% ' �� *�+�0�1� ' � $1� %�#)(1�. 

:��" &�0�1 �� ��'  , ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� ��'  ,� ���')��+, 

Infomax (*(!+� 8.28), ��,$1�/�-1 �� /�� �,�, �/# ' � ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" 

��*1�" C25 /�� D75 $1� +�,)10 �� �)��+� ,�,���10 $��(�)�*+'". �)#�+� � 121 #3,� �"  , *(!+� 

8.28, ��)� �)10 �� ' � /�� * � $-, &#*+� �  �� “$��(�)�*+����” *�+# ��, %�#)(,%� ���),&,)01" 

�,% *(1 03,� �� /�� +1  �" $-, ����" ��#��", �,% *�+�0�1� ' � $1� �(,%� $��(�)�* 10  � *!+� �. 

��0*�", *1 �� 0�1*� +1  � ��,$��+,)&�+��� &#*+� �  ,% *(!+� ," 8.27, /� #  ,� “$��(�)�*+'” 

 �� *%�$%�*+���� *�+# ��, +�,)10 ���,� /�� 1� ,�031 �� � *%(�' � � BPFI /�� ,� �)+,��/�"  �" 

�,% *(1 03,� �� +1  � &�,)# * ,� 1*� 1)�/' $�/ -��,. 

��'  �" ��)��#�� ��)� �)!*1�", +�,)10 �� 12�(�10  , *%+��)�*+� ' �  � �1�)�+� �/# 

��, 1��*+� � $��(�)�*+,- ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25 /�� D75, 

*%+&��,-� +1  � �� 0* ,�(� ��, 1��*+� � ��'  �� �),*,+,0�*�  �" �1�)�+� �/!" $�# �2�" Small 

Test Rig. 

(a) 

(b) 
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 �
�� 8.28 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax (��*1�" C25-
D75) 

 

 

8.2.3 *���,���� ��� ��,��
��� ��� ,���� C40 	�� D60 

 

�/,�,%�10 , �0��/�" 8.7 +1  � ��, 1��*+� � $��(�)�*+,-  �� *%�$%�*+���� *�+# ��, ' �� ,� 

��*�� !)1" 1$)#3,� �� * �" ��*1�" C40 /�� D60 �� 0* ,�(�. 

 

!���	�� 8.7  

��, 1��*+� � $��(�)�*+,- +1 ��*�� !)1" * �" ��*1�" C25-D75 (�),*,+,0�*� Small Test Rig) 

Source Signals 
	���� 7����	�	 ��� 
MIXED SIGNALS XC XD 

���(�)�*+��� 	!+� � 
�� ,��

*+'" 
���!" ���������	 

�������	�� 

A B X1 X2 U1 U2 N\O 

Infomax BPFI BPFO BPFI BPFO BPFO BPFO N 

 

 

:��" &�0�1 �� ��'  ,� �0��/� 8.7, ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40 /�� D60 

($���$! +1�#�� ��,+#/)%�*�  �� ��*�� !)�� ��'  �" ����" ��#��"), , ���')��+," Infomax 

/� �&�)�1� �� $��(�)0*1�  � *%�$%�*+��� *!+� �, * � “�)(�/#” ����0� *!+� � (* �� 

�)��+� �/' � � $1� �)'/1� �� ���  � �)(�/# ����0� *!+� �, ���# ��� scaled 1/$,(�"  �� �)(�/.� 

����0�� *�+# ��). 

(a) 

(b) 
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�/ '" �% ,-, '��" &�0�1 �� /�� ��' $��(�)�*+��� *!+� U1 /�� U2 ,� ��*1�" 1+&#��*!"  ,%" 

*%+&��,-� +1  �� �)(�/! *1�)# &') �*�"  �� ����0�� *�+# ��, �)#�+� �,% *�+�0�1� ' � , 

Infomax +�,)10 �� 1� ,�0*1� /��  �� ���! ��'  �� ,�,0� �),�)(1 ��  , /����� ��'  � $��(�)�*+��� 

*!+� �. 

��'  �" ��)� �)!*1�"  ,% �0��/� 8.7, &�0�1 �� ' � /�� ��� �% !  ��  ,�,�� �*�  �� ��*�� !)��  � 

��, 1��*+� �  �� �),*,+,��+���� *�+# �� *%+&��,-� +1  � �� 0* ,�(� ��, 1��*+� �  �� 

�1�)�+� �/.� +1 )!*1��  �" 1�' � �" 7.2.2. 

 

�/,�,%�10  , *(!+� 8.29, '�,% ��),%*�#3,� ��  � ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� 

*�+# ��. 

 

 

 �
�� 8.29 ��,$��+,)&�+��� &#*+� �  �� *%�$%�*+���� *�+# �� ���  �" ��*1�" C40-D60 

 

 

:��" &�0�1 �� /�� ��'  , *(!+� 8.29  ,% ��,$��+,)&�+��,% &#*+� ,"  �� *%�$%�*+���� 

*�+# ��, 1� ,�03,� ��, � BPFO /�� �)+,��/�"  �", ���# �#�� $1� +�,)10 �� 1� ,��* 10 � *%(�' � � 

BPFI, �'��  ,% �,�- +�/),-  �" ��# ,%", (�)0" �% ' �� *�+�0�1� ' � $1� %�#)(1�. 

 

��'  , &#*+�  �� ��,$��+,)&�+���� $��(�)�*+���� *�+# �� (*(!+� 8.30 �,% �/,�,%�10), , 

���')��+," Infomax ���  ��  ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40-D60 $��(�)031� �,�- /��# 

 � *!+� �. ��)� �).� �"  , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ," U1 (*(!+� 

8.30a), 1� ,�03,� �� � *%(�' � � ��#��" BPFO /�� �)+,��/�"  �" �,% *(1 03,� �� +1  � 

*%�/1/)�+��� ��#��.  

(a) 

(b) 
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��'  , ��,$��+,)&�+��, &#*+�  ,% $��(�)�*+��,% *!+� ,"  U2 (*(!+� 8.30b), 1� ,�03,� �� � 

 �(- � �  ,% #2,�� �1)�* ),&!" /�� �)+,��/�"  �", /��." /�� � *%(�' � � BPFI  �" &�,)#" * ,� 

1*� 1)�/' $�/ -��, /�� �)+,��/�"  �", +1  �" ��1%)�/�"  ,%" ��(+�" �� �*���(,%� /� # shaftf* . 

 

 

 �
�� 8.30 ��,$��+,)&�+��, &#*+�  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax (��*1�" C40-
D60) 

 

�/,�,%�,-� ,� /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� (*(!+� 8.31) 

 

 �
�� 8.31 �%+� ,+,)&!  �� $��(�)�*+���� *�+# �� /� #  ,� ���')��+, Infomax (��*1�" C40-D60) 

(a) 

(b) 

(a) 

(b) 
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��'  �" /%+� ,+,)&�"  �� $��(�)�*+���� *�+# �� /� # Infomax (*(!+� 8.31), &�0�1 �� ' � ,� 

/),%* �/,0 ���+,0 (�(,%� 1���1(�10 ,)�*+��,�  %(�0�) * , $��(�)�*+��, *!+� U1 (*(!+� 8.31a), 

('�,% �(1� �0�1� 1* 0�*� ��� /��- 1), 1� ,��*+'), 1� ,�03,� �� /),%* �/,0 ���+,0 �,% �*���(,%� 

/� # sec BPFO1 , 1�,+���" *%+�1)�0�1 �� ' � * , U1 1+&��03,� �� /),%* �/,0 ���+,0 �,% 

�),/��,-� �� ��' &�,)# * ,� 12� 1)�/' $�/ -��,. 

�� 0* ,�(� * , $��(�)�*+��, *!+� U2  (*(!+� 8.31b) 1� ,�03,� �� $��$,(�/,0 /),%* �/,0 ���+,0 �,% 

�*���(,%� /� # sec f1 shaft , �)#�+� �,% %�,$��.�1� ' � �)'/1� �� ��� /),%* �/,-" ���+,-" �,% 

�),/��,-� �� ��' &�,)# * ,� 1*� 1)�/' $�/ -��,. 

	%�1�." ��'  � *(!+� � 8.30 /�� 8.31 �),/-� 1�  , *%+��)�*+� ' � , ���')��+," Infomax ���  �� 

 ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C40 /�� D60, $��(�)031� �,�- /��#  � *%�$%�*+��� *!+� � 

/�� +�,)10 �� 1� ,�0*1� /��  �� ���! ��'  �� ,�,0� �),�)(1 ��  , /����� ��'  � $��(�)�*+��� 

*!+� �. 

 

8.2.4  �������� 

 

� %�,�,��* �/! �),*,+,0�*�  �� �1�)�+� �/.� +1 )!*1�� ���  � $�# �2� Small Test Rig, $0�1� 

��, 1��*+� � �,% �)(,� �� *1 ��'�% � *%+&��0� +1  � �� 0* ,�(� ��, 1��*+� � $��(�)�*+,-  �� 

�1�)�+� �/.� +1 )!*1��, �)#�+� �,% 1���1���.�1�  �� 1�/%)' � �  '*,  �� �1�)�+� �/.� 

+1 )!*1��, '*, /��  �� ��, 1�1*+# �� $��(�)�*+,-, ���  �� �1�)�+� �/! $�# �2� Small Test Rig. 

 

 

8.3  ��	����� ����� kurtosis ���������	�� 	�� ������������� ���������	�� 

����
��� 

 

	 �� 1�' � � �% !, �)��+� ,�,�10 �� *-�/)�*�  ��  �+.� kurtosis  �� *%�$%�*+���� *�+# �� ��� 

/#�1 +0� ��'  �"  ,�,�1 !*1�"  �� ��*�� !)��� ,)�#���,  �� �1�)�+� �/.� +1 )!*1�� /��  �� 

�),*,+,��+���� �1�)�+� �/.� +1 )!*1��. � �'�," �,% �0�1 �� �% ', 10��� �� 121 �* 10 /� # �'*, 

*%+&��,-� �,�, �/# ,�  �+�"  �" kurtosis  �� �1�)�+� �/.� /��  �� �),*,+,��+���� �1�)�+� �/.� 

+1 )!*1��, /� #  �� +1 �/0��*�  �� ��*1��  �� ��*�� !)��. 

	�+1�.�1 �� ' �, * �" ��*1�" * �" ,�,01" , $��(�)�*+'"  �� *%�$%�*+���� *�+# �� 10��� /��'", ,� 

 �+�" kurtosis  �� *%�$%�*+���� *�+# �� 10��� %4���"  (“super” Gaussian). ��� �% '  , �'�, 

12#��,% ,� ���')��+,� $0�,%� /��' $��(�)�*+', �&,- '*, ��, super Gaussian 10��� ,� *%��* .*1"  �" 

,�,01" $��(�)03,%�,  '*, /��- 1)," 10��� /�� , $��(�)�*+'". 

�/,�,%�,-� ,� �0��/1" 8.8 /�� 8.9 �,% ��),%*�#3,%�  �"  �+�" kurtosis ���  � $�# �2� Large Test Rig 

/�� Small Test Rig �� 0* ,�(�. 
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!���	�� 8.8  

��+�"  �" kurtosis ���  �" $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)�� * � $�# �2� Large Test Rig 

Large Test Rig 
kurtosis of observations 

in point C vertical 
kurtosis of observations 

in point D vertical 
��*1�"  �� 
��*�� !)�� 

0.5213* 
 

3.5220** 

0.3143* 
 

3.3150** 
C40 – D60 

��+�" kurtosis 
 �� 

�1�)�+� �/.� 
�1 )!*1�� 

1.6533* 
 

4.6542** 

0.5232* 
 

3.5239** 
C25 – D75 

-0.0386* 
 

2.9904** 

-0.0367* 
 

2.9923** 
C40 – D60 

��+�" kurtosis 
 �� 

�),*,+,�.*1�� 
 �� 

�1�)�+� �/.� 
�1 )!*1�� 

-0.0338* 
 

2.9952** 

-0.0463* 
 

2.9826** 
C25 – D75 

 

*kurtosis=P^(-1)*std(h1)^(-4)*sum((h1-mean(h1)).^4)-3 

** k1=kurtosis(h1) � ,�+� 1� ,�!  ,% Matlab 

 

 

���  �� �1)0� �*�  �" $�# �2�" Large Test Rig, ,� ���')��+,� �/���� /��' $��(�)�*+' ���  �� 

 ,�,�� �*�  �� ��*�� !)�� * �" ��*1�" C25-D75. �)#�+� � 121 #3,� �" /��  �"  �+�" kurtosis  '*, 

 �� �1�)�+� �/.� '*, /��  �� �),*,+,�.*1��  �� �1�)�+� �/.� +1 )!*1��, &�0�1 �� ' � ,� 

/� ��,+�"  �� *%�$%�*+���� *�+# �� �0�,� �� ��, super Gaussian * �" ��*1�" C25-D75, ��' ' � 

* �" ��*1�" C40-D60, 1�� )��,� �" � *� �� �)��+� ,�,�10 �� /��'" $��(�)�*+'"  �� *�+# ��. 

�2�0)1*� ��, 1�10 �  �+! kurtosis  �" �),*,+,0�*�"  �� �1�)�+� �/.� +1 )!*1�� * � ��*� D75 

(���  ,� ��*�� !)� �,% 1$)#31 �� * , *�+10, D), '�,% �  �+!  �" kurtosis �(1� “��*1�” �0�, *1 *(�*� 

+1  �� ��*� D60. ��)'�� �% #, �% ' $1� 1+�'$�*1 �� �0�1� /��'" $��(�)�*+'"  �� *�+# �� ���  �" 

��*1�" C25-D75. 
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!���	�� 8.9  

��+�"  �" kurtosis ���  �" $��&,)1 �/�"  ,�,�1 !*1�"  �� ��*�� !)�� * � $�# �2� Small Test Rig 

Small Test Rig 
kurtosis of observations 

in point C vertical 
kurtosis of observations 

in point D vertical 
��*1�"  �� 
��*�� !)�� 

0.4010* 
 

3.4013** 

0.8585* 
 

3.8589** 
C10 – D90 

0.5677* 
 

3.5680** 

0.5479* 
 

3.5482** 
C25 – D75 

��+�" kurtosis 
 �� 

�1�)�+� �/.� 
�1 )!*1�� 0.1959* 

 
3.1962** 

0.2912* 
 

3.2915** 
C40 – D60 

0.4720* 
 

3.5077** 

0.4167* 
 

3.4519** 
C10 – D90 

0.3991* 
 

3.4342** 

0.5236* 
 

3.5599** 
C25 – D75 ��+�" kurtosis 

 �� 
�),*,+,�.*1�� 

 �� 
�1�)�+� �/.� 
�1 )!*1�� 

0.5246* 
 

3.5609** 

0.5684* 
 

3.6052** 
C40 – D60 

 

*kurtosis=P^(-1)*std(h1)^(-4)*sum((h1-mean(h1)).^4)-3 

** k1=kurtosis(h1) � ,�+� 1� ,�!  ,% Matlab 

 

���  � $�# �2� Small Test Rig, ,� ���')��+,� �/���� *(1 �/# /��' $��(�)�*+' ���  �" ��*1�" C25-

D75 /�� �/'+� /��- 1), $��(�)�*+' ���  �" ��*1�" C40-D60. �)#�+� � 121 #3,� �"  �"  �+�" kurtosis 

���  �" ��*1�" C25-D75 /�� C40-D60, 10��� *%�,��/# ��, �%2�+��1" ��' �% �" * �" ��*1�" C10-D90. 

�� /� ��,+�"  �� *%�$%�*+���� *�+# �� �0�,� �� ��, super Gaussian * �" ��*1�" C25-D75 /�� C40-

D60 *1 *(�*� +1  �" ��*1�" C10-D90, �1�,�'" �,% 1�� )��1� * ,%" ���')��+,%" �� /#�,%� /��- 1), 

$��(�)�*+'  �� *�+# �� ���  �" ��*1�" �% �". ��)� �).� �"  �" ��*1�" C40-D60  �� �1�)�+� �/.� 

+1 )!*1��, ,�  �+�" kurtosis �(,%� “��*1�” �0�, ��'  �" �� 0* ,�(1"  �+�" * �" ��*1�" C25-D75. 

��)'�� �% #, /��- 1)," $��(�)�*+'" 1�� 1-(��/1 ��'  �" ��*1�" C40-D60. ��)� �).� �"  .)�,  �" 

��*1�" C40-D60  �� �),*,+,�.*1��  �� �1�)�+� �/.� +1 )!*1��, ,�  �+�" kurtosis 10��� 4��' 1)1" 

��'  �" �� 0* ,�(1"  �+�" ���  �" ��*1�" C25-D75, /# � �,% $�/��,�,�10  �� 1�0 1%2� /��- 1)�� 

��, 1�1*+# �� $��(�)�*+,- ���  �" ��*1�" C40-D60. 

 

 



 251 

 

)������� 9 
��������	
 .����� 

 

� ��),-*� +1 �� %(��/! 1)��*0� /��-� 1� ��� +�/)' +�),"  �" +1�� �"  ,%  %&�,- $��(�)�*+,- 

���.�. �#)(,%� �,���" ��)#+1 ),� �,% ()!3,%� �1)�� �)� +1�� �", +1)�/�" ��'  �" ,�,01" 

��),%*�#3,� �� ��)�/# �: 


 ��0$)�*� *%��* �+���" �$�,+,)&!" * �� +1 ),-+1�� ��'/)�*�  


 ��0$)�*� +1�'$,% /��,��/,�,0�*� �$�,+,)&!", .* 1 �� ��&�10 %�'4� /��  , ��# ,"  �" 

�$�,+,)&!" * �� ��'$,*�  ,% /.$�/� 


 ��'$,*� /.$�/� ���� � �,��.� �$�,*%(�, ! �� $�1�1)+���� ��' /#�1 ���! &�,)#" 


 ��0$)�*� +� *%�(),��*+���" ��#� %2�" �$�,+,)&.� 


 �),�,�,0�*� /.$�/� .* 1  � $1$,+��� 1�*'$,% �� 10��� ��,$��+,)&�+��� (),��/# *!+� � 


 ��#� %2� $��$�/�*�.� 1� ,��*+,- ���.� 


 6�1�(," ��'$,*�" /.$�/� ��� +� *%++1 )�/�" /� ��)�&�" 


 �1�� � /�� *-�/)�*� 1�����,� ���,)0�+�� * �� /� ��,)0�  �� instantaneous methods 


 �1�� � /�� *-�/)�*� $��&')�� +1�'$�� $��(�)�*+,-: instantaneous, non-linear /�� convolutive 

+��,$,� 


 ��0$)�*� (�)�/!" /� 1-�%�*�" +� )�*�" 


 ����% �/! %�,�,��* �/! +1�� � /�� 1� ,��*+'" �$�,*%(�, ! �� /�� �$�,+,)&.� *%��) !*1�  �� 

+1 ),-+1��� +1�1�.�  


 ��#�%*� 1%��*��*0�" ��)�+� )�� /.$�/� $��(�)�*+,- 


 6�1�(," ��'$,*�" /.$�/� *%��) !*1� �$�, ! �� %��/,- * ,�(10�� +�(��!" 


 ��0$)�*� �,)-�,% /�� ,�0*��*�" ),%�1+#� * �� ��'$,*�  ,% /.$�/�  


 ��0$)�*� +1���,%" &�,)#" * �� ��'$,*�  ,% /.$�/� 


 ��0$)�*�  �(- � �" �1)�* ),&!" +�(��!" 


 ��0$)�*� &,) 0,% 


 �1�)�+� �/! 1&�)+,�! +1 ��� ),%�1+#� *1 /��! /� #* �*� �1� ,%)�0�" /�� %�,�,��* �/'" 

��1�(," �% !"  


 �&�)+,��" /�� +1 #��,%"  -�,%" ����.� * � ),%�1+#�: 1����!" �0���*�, &�,)# /���,- /�� 

&�,)# * ,�(10�� /-��*�" 


 �&�)+,��" +1 local /�� global �$�,*%(�' � 1" 


 �&�)+,��" +1 �1)�**' 1)1" ��' $-, (2) ����" 
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