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Abstract 
Propose of this paper are  the determination of material and thickness of brush of potentiometer of XU7 engine and solving the defect 
of poor functioning. The contact force value of potentiometer is an important design parameter. Hence, the static analysis is 
performed at first for determination of the material and the thickness of the brush providing the desired force. Then an experimental 
method is used for verifying the results. Potentiometer functioning is investigated at dynamic mode using signal processing methods. 
Therefore, the output signal of some of the normal and defective potentiometers with different materials and under different working 
condition and cycles are recorded. A feature vector is defined for each signal. This feature vector has four elements that the first 
element is achieved using principle component analysis. The other elements are kurtosis, skewness and mean of the signal. Using 
these feature vectors and their classes, a classifier is developed for recognition of normal and defective components.  
Keywords: XU7 Engine, Potentiometer, Principal component analysis, Feature vector, Support vector machine. 
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 volatile organic compounds 

2
 surface acoustic wave 

3
 principal component analysis 

4
 back-propagation 

5 
Fault contribution 

6
 Hotelling 

7
 Support vector machine 
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Multiway kernel PCA 
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�8�� 7�H�	� ��0 -� �	
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+� .�L�1

A�L �� 5 .
+� ��L ���� 4�3�  S��T :�� �1 [���H� �/� (��
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+��� �1:�� �� ���1H 4���� �� 	M� ���� 4��� 	��h� ���;� �=��

 P�
�8�� 7�H�	� 7�� H� ��L ���� �+�5� 7�	�� ���;� � ���5� ����
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�� �����U��L�� 
��.� �� D��	� :��1 . �+�5� 7�	�� 	���;� 4���

 H� ���� 
+�1 	���;� �1 � ���� 
+�1 �� 	M� ���� 4��� 	��h� H� �L��  

  

  
C��3- �$%*� ��%&�� �: ;%�%3 &M:%�$ K	, �� .�	��� 

  

� C	� A�/I�7��Q  .��5� ����;�  

  

  

 C��5- .��
,�)�% C
��, K9��64 ��8)�3  

  

    
C�� 4- )G�&� & +I �3�� ;%&� K	, C
��, P9�)�C51900Q��.> ��  (6/0  �
U(% 2��� &

V, ( &)�
�
�17/2 &)�
�
�.  

  

 7(��1- ��%&�� W�B� �3 ��(��� X�).� YZ�$ ;%&� C
��, P9�)� �![\  

K���  ���� d��  
��?@(mm)  4��� 	��h�

�����(mm) 

  ���;�SF  ��
A 

 ���;�SF  ��
B  

 7�	�� ���;�

 ��5�(gr) 

 H� P��R A1�R

4���5G� 	M�  

 H� P��R A1�R

�	�� 	M�  

1  C51900 6/0  17/2  7/1  09/1  69/14  	�U  	�U  

2  C72900 6/0  17/2  4/2  6/1 74/14  �/1  	�U  

3  C72500 6/0 17/2  74/1 12/1 4/16  �/1  	�U  

4  C51900 66/0  17/2  6/1 12/1 1/23  	�U  	�U  

5  C72900 66/0  17/2 35/1 15/2 4/26  �/1  �/1  

6  C72500 66/0  17/2  5/1 94/0 8/25  	�U  �/1  

7 C51900 6/0  15/3  17/1 75/0 3/21  	�U  	�U  

8  C72900 6/0  15/3  72/1 1/1 4/24  	�U  �/1  

9  C72500 6/0  15/3  2/1 77/0 4/23  	�U  �/1  

10  C51900 6/0  15/3  1  63/0 5/33  	�U  	�U  

11  C72900 66/0  15/3  48/1 93/0 3/38  	�U  	�U  

12  C72500 66/0  15/3  65/0  65/0  37  	�U  	�U  
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 �/B	�1���� 7��� `5> : :�6� ��:� ���� ��/B	� �67  �1 	M� ����

��� `5> D+��� S��T7 U� ��	� ��� �� .���	,:� ���;�� �:�  �/B	�

��� `5> 4�567 P��2�+ ���5� 7�6 
+� �6	
������
� H� ��L 7���	1. 

A�/I� �1 �>�� �1 7�6 7��Q � C	� � �6�23���H� �+ 7�	1 ���L C�8��

 -1���> �<VR�1 =�>Q�	1 	J�  7�6 )C51900�( �	;� A��� 

)C75200� =� � ( A��)C72900(�  =�>C72900  
��?@ �166/0 

 ����� 4��� 	��h� � 	
5�/��17/2 /������ 	
5� H� 	M� ���� 7�6

.���	, 7��� `5> 	
������
�  

�/B	�2���� :�2���� 4�	� 	JT : �6 . ���� 7�	1A�/I�  7�Q>�

���� :�2���� 
+� CHc ���� ��� e�IT ��V1 �/T�  H� �<1 	6 �� �6

����  F� �6��L
� �� .�8� ���� :�2���� .�L �6��U 	JT �<1 	6 �� �6  

 �/B	�3	��� ��+�I� : =�F6 ������ ���� �6 .� ��:�  �/B	�

F6 ������ 1:� �56 7 ���� ��<1��6 ) �V1�� �1 �>�� �12 ( ��+�I� ��L �

��	��� ��) ����� �3(  ��	R�� ����.��L  

�/B	� 4 =�	��� �Z�� 	���;� � �n?3� 7�6���	1 ��+�I� :

=��������H� .  =�	��� �� �8��F6 ������ -�  
+� �<1	� =�	���

��  W��B =�	��� 4� 7�	1 �� �n?3� 7�6���	1 � �Z�� 	���;� 4���

�	����� ���1�� 7��J� S�0]G� �n?3� 7�6���	1 � �Z�� 	���;� .  �6

�� .��6�  

 �/B	�5��<1� [6�� : .���� ��<1� ��/B	� :�� �� �� [6�� �6�1�� .

 �� 
+� S��Y� A1�R�n?3� ���	1 :�	
3�1 �1 7�  jQ> ��Z�� ���;�

���� �0�58� �+�+� 
+� �6�� . �6���	1 �A�R �/B	�7 �n?3� 7 

 =�	���F6 ������ � �� .���L ��+�I�:�  �1 �n?3� 7�6���	1 ��/B	�

M� �n?3� ���	1 H� D��	�	�  D�	� :�	
�\�� �1 �Z�� ���;� :�	
,�Q1

�����L� �� .:� �� �S��T F�5n� 4��� 
 	, � F� 7�Q>� H� �� 
�56

 	M� 	T 	���L� �� .:� 6 S��T	  7���;� ��\ H� 
+� H� S�0]G�

�� �������L ����  S�0]G� ��L�1 -\�� ��L 9)B �Z�� ���;� 	,�

 
+� H� 7���H
+� �
 	� C�8��	+ .-�  D��	� �1 �<1 �1  �0�58�

���� H� 	
5� �67 6��U 
+� �1 �/T�� ���. 	,� �����67 /T�� n 

 ���L�1 7�<1n  � �n?3� ���	1n ;��� �Z�� ����� ��>�	,� P�B .p 

 W�?
�� P�� �n?3� ���	1���L���� �0�58� � �.� 7�6��  X; p  �<1

.����  

  

C72900

0

5

10

15

20

25

0 0.5 1 1.5 2 2.5 3

Deflection(mm)

C
o
n
ta

ct
 F

o
rc

e 
(g

r)



 

 

224 

�
B�

	G
 

-
1��

�>
 

	

��

��
��


�
 

��
��

�
 

X
U

7
 � 

^
�?

3
�

 
W

��
<�

 
... 

4
��

1
 

)2(  
1

( )( )
cov( , )

1

n

i i
i

X X Y Y
X Y

n
=

− −
=

−

∑
 

)3(  
cov( , ) cov( , ) cov( , )

cov( , ) cov( , ) cov( , )

cov( , ) cov( , ) cov( , )

x x x y x z

C y x y y y z

z x z y z z

 
 =  
  

 

3 -1- �%3&� ��*��;  �_9�3 &)�*
+��)� `�)U( 7�	8
� 6%

%*F  

�� ���5� ��I� [?1 :�� + H� 7���	1P��2�  �b��� 	
������
� _�
��

 ����� ��6XU7 �� e�	3� ���5� 7�	1 	M� ���� 	
����� .��	,  �7���	1

+P��2� �� 	
������
� P����	� �>�	U _�
�� �1 .�L�1:�  ���M��

 X+�� 	
������
� -1���>-�  �1 ��23���H� �� �0	  ����� {
+�

� ���� �� 
�	B 7H�+ ���L ���> �� ����U 
�	B �<R�� X��	L �

��L �H���� 4� 	+ �� _�
�� � ,7	� �� ��L+ .P��2� �H���� _�
�� ,7	� 

 H� ���J
+� �1 ��L-�  S���A/D P�
�8�� �1 ������ P���)1 (

���5� �� 7���	1 ���5� .��	, �67 `5> ���7 1 ��L � S��� �/�+�7H��� 

 �1-� �� P�+�� 	���N��� 	,� .��:� ����  �� �6-� � A� U��	�  � ��L

?3� ��M�� �1 �_�	� �<1 �/B	� ��^� <� 	
������
�W��  ��Q8� ����

.
 	, �6��U ��	R A�/I� �  ������� �1 	
������
� P�n�� ��I� �

��2
+� �67 �H���� ,7	� ���5� ��M�� �1 ���	17 +P��2� 1 _�
��4�� 

�� ��	,. 

 �+ 7���� 	
������
�� P����	�� �L�1 _�
�� 4� P����	� �� �1 .

 
1�Y5/0 �	, P�50� 
�����  A1�� -� X+�� 4� 	2�� P����	� � F6

��I� �� AT� P�
�8�� �1 ������ P��� S��� �1  ��M�� �1 .��L

� ���J
+� ����� {
+� -� H� �	
������
� -1���> 
�	B� ��L �1 .

 
�	B �-1���>+P��2�  _�
��:�1 0  ��5/0 h� 
��	�� .�	� �6��U 

 A�L7 ���> S�Q�.8� H� �/� 7�5� -�� �� 4�3� ��  A1�� P�n�� .�6�

��I� F6  S��� H�A/D   AT� 	
������
� 	2�� P����	� �1 � ��L m��U

�� ��	,.  

�	17 ��5� H� _�
�� 4����U�   eV+F/� �H��  4���U	\ �1

���
�	
��� .
+� �b56:� �H�� � �� 
+�:� �T �1 [U	\ S�


U����� <� �:� , S��T�	�  (H��	� A1�R ���� 
+� �1 S�0]G� ��

.��L�1 	
.1:� Q,��� �	17 +�4�� �\ �1:� ��M��7  {
+� H� ���J
+�

� ������IT [U	\ ��M�� �1 .�L�1�� ����� {
+� X+�� �<VR eH�� 

  �1	b��� � �<VR � ����� ������.2���	L F6 �� �L�1X�  �<VR Dn�

<R�� ��
� �L ���� H�+7  -1���> 
+�� [U	\ D>�� F6 � ��	�

���
�	
��� .��L � �1:� � ��M��H�� ���	  ��2
+� �1�  ����� {
+� �1

����H 
I� �� �<VR �� �L�1�� 1 ���?�� 
0	+ ����U	b �	���� �� .

<R��� n?3� ���;�� �	� 	+ �� �1 _�
��P��� �1 �>�� �1 � ��L ���� �6

� �
 	, S��T [U	\� _�
�� ���;��8� � 	+ H� ��L	2� � �����U�-


� �� ��L�8�  �1 �c��-� )h� `����� ��Y ���� +� �1�/��7 �	17  4����U

� _�
��H�� _�
�� ���;� (H��	� ��M�� �1 .
+�7�6 � ��L �����U:� 

�1 S�0]G��� � S��T �1P�
�8� .�L�1  �	��� H� H�-�  �1 ������ P���

                                                           
1
 Analog-to-Digital Converter - ADC 

�P�
�8� � ���J
+��� �
��� .��L:� �1 P����� � S��T ��H��  �1 ���R


0	+ �1 S�0]G� 
L��	1�67 � c�1Q�  -� 7���� ����� {
+� .�L�1

�� 4��	  ����  �1 ������	
��� ���� ���)h� `��� -� A��L �� �L�1

C	� �/�+� �1 .
+� 	�	
���	��� -� ��	56  [U	\ 4���� ��	��� ��Q �

����� {
+� 
0	+ �� �6�� ��>�1 S��J
� 7  a�	G :�� H� .����� 4���

P��2�+ ��L 	M� ���� S��J
� _�
�� 7�6� ���5� �� 7H�+  7���	1�	� .

 A�L7 .8�S�Q� ���
� C��� � �	�/50 
��	
��� A��L  �	b��� 

N��� ������ {
+��	��� )h� `������ ���
��	
���  {
+� 4��	  ����

� � ������
� � �1 ������ ���	1P�
�8� � 4�3� ���.�6�  

  

 

 C��7- .&)�*
+��)� a%(3 ( 3&���? Q+, Y%G

�,  

  

3 -2- ,
�
 ����89 ��*�� 6% �3%3 �F; b�� �(4; ���  

 �� ��L 7H�+ ���L X��	L �1 �/50 X��	L a��V� �1 �>�� �1 ��
1�

 � ��L C�8�� 7���	1 ���5� ���1 	
������
� _�
�� P��2�+ H� ���23���H�

�.� ��
� +� �1 S�0]G��/� � �1 ������ P���P�
�8� N��� �1	��� 

.��L A;
�� �
�� �� 
+� :�� �
 	, 	M��� ���1 �8��� �� �� 7� ��>�

�+[� Y��	� H7��� �� 	17 ���
� �	�/50	
��� ���
� .����	
����67 

+�5�� ���� |����� 
/0 �1��� �	���� �� �Q>��67 �c�G�  4����

� [6��
�J� ����� �n?3� H� ��� .����� ���+��L 7�6��  P	
�� �

�:� �� 4��1 �VU 7�VU d�@���VU .�L�17 VU�  4���0 �1 4��1

>�	U _�
�� 9�	I��� �I�� �1 
���� ��f�7 ���L�1 . 
�� ��M�� �1

4��	  C���� ��G ����� {
+�7 M��F� ����L + ���<� �1 ��A�� 

  P�G ^?3�F/� G ��� 1 ��
1� �1 � ��	� 
L), H� =1 .��	, H�

n?3� ���<�� +A�� �	1 ��7 ���
� 	6 �	����	
���  
+� S��J
�

�	1)7  P�o�-� �4��/� +A��VU ���;� (�  ���6� 4�3� 4� 4��1

<� �T��W�� L4� � �<VR� �V1�� -� ���1 ��<� 4��1 �VU .�L�1

 	��� C�5� �� 	
������
� H� �>�	U _�
�� � H�, P��� 
�	B :�1 �VU

�	B .�L�1 ��	R	1 F/�  ���� 7�� 	1 -1���> 
-� +P��2�  �� `>	�

� AT�B:�2���7	�, ���5� �� H�7 � F��+�  �L�1 a1�V�A�L 8 .��� 

�	,.
+� ���  

  



       

 

225 
 

�@
	�

/0
 �

 �
���

	L
 �

��
B 

��
5�

	�
 7

�.
�

 
7

	

L�

L
 

  
C�� 8- �M�M� a&I 7�	8
� ��*��  

  

3 -3- �)�P9  &� ��!% ;%G�% G
U��4 5(� 7��?%

�7�	8
;�F �%3&� ��*��; ���  

� ��:� + 	1 �/T� 7�Q>� Q����� (�� ��/B	�P��2�7�6  ���5�

���	17 .� �_�	� A�R �/B	� �� �� ��L�� ��L P�50� ������ � ��	,

H�+��> 4����7 <� S�<VRW�� � H� ���J
+� �1 F��+ �:� +�	1 (��� 

����L.  

P��2�+ �8��� �� =���� �1 �� F��+ 7�6  H� ���6ok ) ]o�(ok1  �

 H� ���.����� �1 �� W��<� 7�.���2�+notok ) ]o�(notok1  4�3�

��  P��2�+ �� 7�� �� �/T� 7�Q>� Q����� 	,� .F�6�[ok1,ok2]  =N+ �

 P��2�+ �� 7��[notok1,ok1]  �1 �n?3� 7�6���	1 F�6� C�8��

 S��T �1 D��	�[4.0809, 0.0000]  �[4.0929, 0.0017] �� 
+� �1-

`R�� �� .����  ��00.0017  P��2�+ �� :�1 S��J� ���6� 4�3�notok1 

�ok1 ��  ��0� �L�10.0000 �� 4�3�  �� :�1 ����J� ��6 �� �6�

 P��2�+ok1 �5� �� ���J
+� �Z�� ���	1 
�T�nU :�� H� .�L�1 � ��L

P��2�+ :�1 S��J� ����<� :�� ��+� 	1  :�1 �
B � F��+ � W��<� 7�6

P��2�+ ��U 3� F��+ 7�6�� ���� 4� �1 
�T�nU :�� H� `R�� �� .��L

 �
+� ��L e�@�� ����� �� �� �,Z�� ���	1 7��0� H� ��� 4���0

�� ���J
+�.��L  

  

3 -4 - �Jc9( �%3&� d%&.)�%  

 � �L ���� v	L �/T� 7�Q>� A�/I� 7�	>� ��I� A�R 
5�R ��

 ���6� 4�3� �Z�� ���	1 C�� 	n�0 4��1 	JT 	�u �� �L ���� e�@��

W��<� �5� ���.�� �1 A��0 :�� ��� .
+� �<VR 4��1 ����;� -� �����

 �� :�� H� ���� F6�	  �� a�R�� ���	1 C�� 	n�0 	1 ��]0�Z�  H� AT�B

�Q>� A�/I�7 /T�� +P��2�7�6 �� �� ��>����2� + �1 ����P��2� 

H� �`>	� =�+��	�1  �=����+�2 + H� C��� 	6�.���2� �Q�  4���0 �1

� ��0 ��	2� � ���	1�,Z�  ���J
+�����L�b56 .:� �:�2���  9]
U�

+ H� C��� 	6P��2�7�6 �� �� ��>����2� ���� + �1P��2� � `>	�Q�  �1

� ���	1 C��.\ ��0 4���0�,Z� �L W�?
��
+� � . �T]U ��G �1 =�

                                                           
1 Kurtosis 

2 Skewness 

) S��T �1 ��0 ��.\ A��L P��2�+ 	6 H� AT�B �,Z�� ���	14�� (-

.�L�1  

)4(  [ ]FV EV k s m=  

  

 ��FV  ��,Z�� ���	1EV  A�/I� H� AT�B �Z�� ���;� C�� 	n�0

 �
+� �/T� 7�Q>�k ) �1 a1�V� � 
+� P��2�+ =�+��	�5 
+� �1 (

�� ����s �� 4�3� �� P��2�+ =����+�) �V1�� �/�+� �1 � �6�6 �1 (

�� 
+� � .���m ) �1 a1�V� � `>	� P��2�+ �1 9]
U� :�2����7 (

��.�L�1 

)5(  
[ ] ( )

( )

4
4

1
24

2

1

1

1

n

i
i

n

i
i

x x
E x x nk

x x
n

σ
=

=

−−
= =

 − 
 

∑

∑
 

)6(  
[ ] ( )

( )

3
3

1
33

2

1

1

1

n

i
i

n

i
i

x x
E x x ns

x x
n

σ
=

=

−−
= =

 
−  

 

∑

∑

 

)7(  ( )
1

1
,

n

i ref
i

m y y x x
n =

= = −∑

 z�  X1��� �� ��x ���� :�2���� �P��2�+ 7�6n ���5� ���<�-

 � P��2�+ 7�6ix  ����i.
+� P��2�+ C� 

  

4 - 2�e
)/� �%3&� f�*, 0*
1� �1DE �9���	�  

P��2�+ �1 �>�� �1 ��,Z�� ���	1 ��8�� H� =� 7���	1 ���5� 7�6

���� (H��� �1 
1�� �S�<VR 7�	1�� �6 H� .�+�70 �,Z�� �T�� 7�6

 H� � 4���
3� ���	1 (H��� 7�	1 ��>��30 �	1 �T�� �8�
� 
�� 7

�� ���J
+� 4���
3� ���	1 H� AT�B4���
3� ���	1 7���� .��L3 

)SVM���	1 �( �]� ��	56 �1 A�R AB�	� �� ���� 
+� �1 �,Z�� 7�6

�]� ���<� �8��� �� .
+� ���	1 	6 �1 |�1	� �]� -� .
+�� �� �6

 D�\	1 �1 W��<� S�<VR“notok”  ��
�6 F��+ S�<VR 7�	1 7	2�� �

� �1 �“ok”  .
+� ��L ���� 4�3�SVM �� �<+ �� ��I�� -� �� ���

���	1 	,� .��� AR��B �� �]� �� :�1 �/T�  �� ��� ��8�� �,Z�� 7�6

 �1x  �1 �.�� �]� �y  ���	1 � ��L ���� 4�3�y  S��T �1{ }1,1− 

 �� ��L ���� 4�3�1  � F��+ S�<VR 7�	11-   �1 W��<� S�<VR 7�	1

�� 
+� �1 	�H �V1�� a�G ����� 7��1 �
+� ��I�� ��2�� ���	1 ���-

.���  

)1(  
1

( ) ( , )
m

i i i
i

f x y a k x x b
=

= +∑  

 �z�  �V1�� �� ��( , )ik x x  �
+� A�	� `1��f(x)   D�\	1

 	M� H� P�.8� �<VR ���	1�� �� 4��1 W��<� �� F��+ ��6�b  �ai 

	
����� 7�6� (H��SVM ] �� �� ��
�611 ���� v	L A��J� �1 [

 ��Q � C	� H� ��� :�� �� �� 
+� 	�� A1�R .
+� ��LMATLAB  7�	1

�L ���J
+� 4���
3� ���	1 7H�+ �����
+� � ��H��� ��� :�� �� .

 K/
?� P��2�+
+� ��L 
�Y  ��5  � F��+ �]� 7���� P��2�+5 

                                                           
3 Support vector machine 

0 500 1000 1500 2000 2500
-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

t [ms]



 

 

226 

�
B�

	G
 

-
1��

�>
 

	

��

��
��


�
 

��
��

�
 

X
U

7
 � 

^
�?

3
�

 
W

��
<�

 
... 

4
��

1
 

�� W��<� �]� 7���� P��2�+ 
�� 7�	1 F6 P��2�+ �� � .��L�1

�� ��	R ���J
+� ���� ����� 7��1 �
+�	�,� ����� ^�?3� 7�	1 .�

�,Z�� H� -� C��� D+��� ���.� ����� 7��1 �
+� �B�	G 7�	1 �6

����� 7��1 �
+� �
+� 7�6SVM � D��	� �1 K/
?��,Z�� �� �1 �-

 �B�	G K/
?� 7�6 
+� ��LA�L �� ��) 7�69) �� (14 ���� 4�3� (

.
+� ��L  

  

  
 C��9-  ��		: ;�	� �)�3 �%3*��svm  �Jc9( (3 6% �3� )�% ��

]�*
��% ( ]
�*,&:  

  

  
 C��10 -  ��		: ;�	� �)�3 �%3*��svm  �Jc9( (3 6% �3� )�% ��

g
8��
� ( ]
�*,&:  

  

  
 C��11-  ��		: ;�	� �)�3 �%3*��svm  �Jc9( (3 6% �3� )�% ��

g
8��
� ( ]�*
��%  

  

  
 C��12-  ��		: ;�	� �)�3 �%3*��svm  �Jc9( (3 6% �3� )�% ��

��!% ;%G�% G
U��4 ( ]
�*,&:  

  

) P��> �1 �>�� �12P��2�+ H� ���J
+� � ( [���H� 7�	1 
�� 7�6

����� 7��1 �
+�� ^?3� ���L �B�	G 7�6� H� �>	6 ��L

 �
+� �
+� ��L ���J
+� ����� 7��1 �
+� �B�	G 7�	1 =����+�

 �����\ �	1��� `R�� �� � ���� ������ 
R� ��L �B�	G ����� 7��1

 ����� 7��1 �
+� 
R� 7�� ��c�1 	�Y�� =�+��	� ��0 �� ������

 .����  

  

  
 C��13-  ��		: ;�	� �)�3 �%3*��svm c9( (3 6% �3� )�% �� �J

��!% ;%G�% G
U��4 ( ]�*
��%  

  

 7(��2- �Jc9( h�$ Q�! �!�3X�).� ;�F  

�,Z�� 7�	1 ���J
+� ���� 7�6SVM  e�IT ��B �T��  

=�+��	�- =����+�  50  

=�+��	�- :�2����  100  

=����+� - :�2����  0 

=�+��	�-  PCA 100  

 =����+�– PCA 50  

 :�2����– PCA  50 

  

�
J, ����� �1 �>�� �1 ���	1 H� =����+� �,Z�� ���L �,Z�� 7�6

 ����� 7��1 �
+� �B�	G 7�	1SVM �� 9)B 7��1 �
+� � ��L

 ���.� �����SVM  Q����� � :�2���� �=�+��	� �,Z�� �+ H� ���J
+� �1

�� �B�	G �/T� 7�Q>� 
+� 7�<1 �+ �� �,Z�� ���	1 �� �8�� H� .��L

1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95
0.15

0.2

0.25

0.3

kurtosis

sk
ew

ne
ss

 

 

-1

1
Support Vectors

1.6 1.65 1.7 1.75 1.8 1.85 1.9 1.95
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

kurtosis

m
ea

n

svm classifier with kurtosis and mean features

 

 

-1

1
Support Vectors

0.15 0.2 0.25 0.3
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

skewness

m
ea

n

svm classifier with mean and skewness features

 

 

-1

1
Support Vectors

1.66 1.68 1.7 1.72 1.74 1.76 1.78 1.8 1.82 1.84 1.86
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

kurtosis

P
C

A

 

 

-1

1
Support Vectors

0.16 0.18 0.2 0.22 0.24 0.26 0.28 0.3 0.32
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

skewness

P
C

A

svm classifier with skewness and PCA features

 

 

-1

1
Support Vectors



       

 

227 
 

�@
	�

/0
 �

 �
���

	L
 �

��
B 

��
5�

	�
 7

�.
�

 
7

	

L�

L
 

�]� ����� ��> �IJT [��5� 4���� �6 7��1 �
+� .
��� 	�)�

 ^�?3� �1 ���R �,Z�� �+ :�� H� ���J
+� �1 ��L �B�	G �����100 

P��2�+ �T���� 4��1 	�� :�� .
L�� �� 
�� 7�6 (�� :�� �� ���

 �1 CHc .�6� ^�?3� �� W��<� H� F��+ �<VR ��c�1 
R� �1 
+� ���R

���� ���<� �\	6 
+� 	���� ���L 	
3�1 
�� 7�64���  �
+� 
R�

.��� [��Q � �� ����� 7��1  

  

5- ;&
J ��
)�  

 ����� �� F/�  �1 ����� 	
������
� -1���> �<VR :�1 ��5� C�0

XU7�� D�+ � �1 D+��� _�
�� �� ��LECU  7�	1 .��3� P�+��

A�/I� 
I� 	
������
� �<VR ���5� C�0 A�3� �+�	1 K/
?� 7�6

�L W�?
�� D+��� =�> c�� �� 
 	, ��	R 7�	1 �L�� ����Y � �

 S�<VR �����
+� A�/I� �� .��L ���� F��+ H� W��<� S�<VR ^�?3�

=�> �1 ��1 .��
 	, ��	R �����
+� ��1 
I� K/
?� 
��?@ � �6

 ��<1 �/B	� �� .�L ���� S�<VR 	1 A�L 	��h� S��T �1 �����
+�

�L 	��h� D�B 	1 �	�� ����5� 4���� 
+� �1 7�	1 �1	8� �3���H� A

 �����
+� A�/I� H� ���� 
+� �1 O��
� 	1 7��), �IT :��b56 �

.�L C�8�� � �B�	G  

 �<VR �� �	� ^?3� 
��.� �� � ��1 4���� A�/I� �� 	6 �8�
�

 =�> �1C72900  
��?@ �166/0  ����� 4��� 	�h� � 	
5�/��17/2 

�� 	
5�/�� ��� .��� H�	B� �� CHc 4���5G� D�	@ � 
�/1�R ����� �8�� H�

�� ��� �������� X��	L �� 	
������
� �� H� ���� 
+� �1 O��
� ���

�5� �����
+� A�/I� 	
������
� e�IT �	���� ����� :�5�� �����

(�� H� �	��� H� .�L�1 F��+ S�<VR ^�?3� 7�	1 P��2�+ (H��	� 7�6

 {
+� -� X+�� 	
������
� �� S��T :�� �1 .�L ���J
+� W��<� �

����� �� 
�	B �1 ��23���H� �� �� ����U 
�	B �<R�� X��	L �� ���

�H���� 4� 	+ �� _�
�� � ��� 7H�+ ���L ���� 7	�,���5� H� =� .��L -

=�> H� �7	�,A��+ 
I� � K/
?� 7�6 ���5� 	6 7�	1 S��J
� 7�6

�� A��3� �,Z�� ���	1 -����	1 :�� .��L ��	56 �1 �,Z�� 7�6

D�\	1 4�3��6 X+�� (W��<� �� F��+)SVM �� ���� (H��� .���L

����� 7��1 �
+��,Z�� D��	� H� ���J
+� �1 �J/
?� �6 K/
?� 7�6

 A�3� ��8�� D>�� =����+� �,Z�� �� ��L 7	�, �8�
� � �L ��8��

�� ��L �B�	G ����� 7��1 �
+� �� 7��1 �
+� �� :�� H� ���L

,Z�� �+ H� ���J
+� �1 ���.� ����� Q����� � :�2���� �=�+��	� �

 S�<VR �T�� �T e�IT ���1 [�� �1 ���R �� �L ��8�� �/T� 7�Q>�

.��1 W��<� � F��+ 

  

6 - b�%&� 
[1] Venkat Venkatasubramanian, Raghunathan Rengaswamy, 

Surya N. Kavuri, Kewen Yin, A review of process fault 
detection and diagnosis: Part III: Process history based 
methods, Computers & Chemical Engineering, Vol. 27, 
Issue 3, 15 March 2003. 

[2] Penza M., Cassano G., Application of principal component 
analysis and artificial neural networks to recognize the 
individual VOCs of methanol/2-propanol in a binary 
mixture by SAW multi-sensor array, Sensors and Actuators 
B: Chemical, Vol. 89, Issue 3, 269-284, 1 April 2003. 

[3] Cherry G.A.; Qin S.J., Multiblock principal component 
analysis based on a combined index for semiconductor fault 
detection and diagnosis, Semiconductor Manufacturing, 

IEEE Transactions on, Vol.19, No.2, pp.159-172, May 
2006. 

[4] Abdulhamit Subasi, M. Ismail Gursoy, EEG signal 
classification using PCA, ICA, LDA and support vector 
machines, Expert Systems with Applications, Vol. 37, Issue 
12, Pages 8659-8666, December 2010. 

[5] Jong-Min Lee, ChangKyoo Yoo, In-Beum Lee, Fault 
detection of batch processes using multiway kernel principal 
component analysis, Computers & Chemical Engineering, 
Vol. 28, Issue 9, Pages 1837-1847, 15 August 2004. 

[6] Jing Zhou, Aihuang Guo, Branko Celler, Steven Su, Fault 
detection and identification spanning multiple processes by 
integrating PCA with neural network, Applied Soft 
Computing, Vol. 14, Part A, Pages 4-11, January 2014. 

[7] Jordan McBain, Markus Timusk, Feature extraction for 
novelty detection as applied to fault detection in machinery, 
Pattern Recognition Letters, Volume 32, Issue 7, Pages 
1054-1061, 1 May 2011. 

[8] Liu H.K., Pan C.H., Dimension effect on mechanical 
behavior of silicon micro-cantilever beams, Measurement, 
2008. 

[9] Design Center of Brush Wellman, www.brushwellman.com 

[10] Metal Propertis guide/tech papers, 
www.technicalmaterials.com 

[11] Martin Brown, Steve R. Gunn, Hugh G. Lewis, Support 
vector machines for optimal classification and spectral 
unmixing, Ecological Modelling, Volume 120, Issues 2–3, 
Pages 167-179, 17 August 1999. 

  

 


