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1. IF (x(i) is center) and (input2 is random) THEN (in-
control1 is high)  
2. IF (x(i) is not center) and (input2 is random) THEN 
(in-control1 is medium)  
3. IF (x(i) is center) and (input2 is not random) THEN 
(in-control1 is medium)  
4. IF (x(i) is not center) and (input2 is not random) 
THEN (in-control1 is low)  
5. IF (input3 is chi2) THEN (in-control2 is high)  
6. IF (input3 is not chi2) THEN (in-control2 is low)  
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 defuzzification 

2
 implication  

3
 degree of firing  

4
 aggregation 

5
 centroid  method 
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����� *"E��� �.�& 9"���"� 	� 

$� ���. 	�P��
 9�
�!��! $�  ��	 ��
 ���	� �"3��	� ���� =�J", 	� 

 9"���"� 	� qO, �""3& $!���	
 1�
� �/�� ��K . M"?�! *��-K 1!�&

�*��� �"3�� 9�
 ) 	� ���� (��
0�*�'j�� (�!  (%G�� $�A��

��S:
� ����� 	
��
� X� 	�P��
 ���� =�J", �
 =�	
� $��,��K �
�! 

 �
�""3&�9"���"� 	
��
� (!��� X ���
� M
� .  

("-K �
 M8�N z����  � ���� =�J", ��;:
� (J��D� �
�! ���,

 ���C 	� ����� ���	
��
��*,
 ��K (�
	
 .   

 �! +�JS� �
�""3& M!�D� 	� $,	�! �	�� ��.K�	 ��S:
� (j �0�� �


 5:O� 	
�D� �
�
 (! ���C 9�
 *,
 �!
�! �$��� �� *-�� *�H�

*,
 ��K (".& 9"���"� 	� *�"K.  ���C R�, � R�� +��, 	�� 

$� ������ $� �J! ����� *A& L�
�K 	� ���
�� (;"����� ��K  ���!

� 	�O! ���� =�J", �
 Z� L,��\cc(OD�  ���	
��
� � X-MR 

 �
 Z� L,��� 	�O!{{� ��-�K
 (! �(OD�  ����� �
 x	�< *"Eg�

 RH�
$� ����.   

h�D"�� 
	 V�	 �� 9�
 ��;:
� ="�
��! (;�� �
�! (J��D� �="�j *J��@ 

��K�! ���J� V�	 �� �� (! U�!�� ��
 i�� ��O< 
��!
 .(!�  9"


�@�! �N B��g 	�P�� ����� 	
��
� MR ) B��gD4(  
	 	
�D� �


d,\bk 	
�D� (! d,lk $� �""3& ="��.  B"&�& 9��! ��6 L,���

 	
�D� �
 ����� *A& *?�N 	� (?�-��QQb (! \c\$� 4�
'�
  �!��. 

��N R	�.r +��, � R�� +��, (J��D� �! ���C$�   (0"�� 9�
 (! +
�&

�
�""3& W"G�& 	� ���� V�	 �	�� (� �",	 ��;:
� �
 >r�� 

 ���	
��
�$-"j�& ���J� �� ��)	'! �
�""3& 	� � *,
 �&�! Q,f �

h�-��D& V�	 �� �� �	��$� �!
�!  �K�! . ����D� ���C =0�� +��, 	�

 	
��
� (! U�!�� (?�-�� ��6 L,���X *,
 ��K *-/.  
  

                                                 
1

  stratification 
2
  mixture 
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$ %���&! ��
� '��
� *� ����+���� ������ ���! ���"#�
$ %���&! ��
� '��
� *� ����+ , ,-��.
/�-��.
/�����0�� ����0��                                                                                                                                                                                           �1  

 
%��. �������
�� �&��'
�( #$   

 $,	�! �
 M8�N z���� ��S:
� 	� ���� V�	 ����� ���	
��
� M!�D�

 ���C 	�d *,
 ��K *-/ .$� (PNH� (� 	�O��
�  	
��
� ��KMR 

 ���
�� $)���
�� 	� 4��� $��,��K (! 	���*J"� =�J", (;"?�N 	� 

h��-J� ���;:
� �! ����$� R�0�
 
	 	�� 9�
 B,���  ���. 

  

 )���% .*
 +
�, -#"/	� +"/#
$	0� ", +�"� 1�2�3 -#�4 52�"6����
�� ��!�"�� #$ ����
 7�8 9"3
 �, ARL 
 ��� �� ��	
��� ���
�

������ ����� ����
�  
���� ���	
  X-MR  X-MR )��
 ��� ���� ���
 �
 ��(   �����
X  

4 1.2224 1.1650 1.1734 1.1886 
3 2.1577 1.9634 2.0733 2.0000 
2 6.6190 6.2450 6.2133 6.3030 

1.5 15.6635 16.4815 15.0600 14.9677 
1 42.7635 42.9620 50.9835 43.8948 

0.75 69.9335 65.7800 88.5375 81.2158 
0.5 108.5445 89.3255 139.7100 155.2228 
0 200.0000 116.1200 202.9300 370.3794 

  

 )���: .���
�� �&��'
�( #$ ����
 7�8*
 +
�, -#"/	� +"/#
$	0� ", +�"� 1�2�3 -#�4 52�"6��,  ;2< ARL  

������ �

&� 2����� �

34 56��  ���� ���	
  X-MR  X-MR )��
 ��� ���� ���
 �
 ��(  

0.01 1.0004 - - 
0.05 1.0020 - - 
0.1 1.3249 - - 
0.25 8.9127 - - 
0.5 66.6670 - - 
0.75 172.4100 349.2300 487.7200 

1 200.5700 116.8700 188.7300 
1.25 37.8790 28.2000 55.6630 
1.5 12.3760 12.0370 18.9400 
1.75 5.9032 7.7700 10.0000 

2 3.6206 5.8400 6.7467 
2.25 2.7012 3.9300 4.5033 
2.5 2.0259 3.4000 3.7067 

  

� ��� (! U�!�� �O, 	� (� 	�O��
Q$� (PNH�  ��K� ARL  	�

 ����j *A& *?�N �! �!
�! ���� =�J", �
�!\cc *,
 .� 	� �	�

 ����� ���	
��
�X-MR 	
�D� ARL  �N B��g 	
�D� (;"�����

 $�E� ����� 	
��
� �@�!D4  �! �!
�!d,\bk$�   �! �!
�! �-��D& �K�!

QQb$� �����  �K�!. 	��2� B��g �H8
 �
 Z�� +�J;� *.C 

��
 i�� ��O< 	
�D� ���,� ���C R	�.r +��, 	� +� z���� (� 

*,
 ������ M!��.  ��&�! �
�""3& $��,��K 	� ���� =�J",

	�"E� `
�A�
 	� ��.�� �	
�� $��
& *,
 . � R�, ��.���, 	�

 R	�.r	� L< *J"� W"G�& (! 	��� �	���K V�	 (;��	
�� 

*,
 ��K =",�& $;r��.  

  

:��.  ���# +	!=
   

 9�
 ��C���?
�  ����"! ���	 >� $O< 	� 	� ����
�� 9"���"� �""3&

 t� *.C 9"E�*,
 . $)��,�� �� 4��, �/
 	� h@�
E� �����	

$� ��C�! ���
�� ���� $�
�A! (�?�� >� �� 	
'!
 >� $0�	�& ���� .

 
�C �� +�K 9"�� (& �/
 	� B:#
 �����	 $��"
"K ������
�� 	�

$� ��C�! B"��& >� �
'C
 +�K ����] Q[ .	�(O!
	 $g��	  U�!�� 

 ���
	�� �� �! ���	 ���?
 (!"V���#
"�  "B"K"="�J� (C
��  .

 ��K�! =� ���	 B"K (I���rARL  �
�! �	���K ����� 	
��
�

��! ��
�< $)	'! 	
�D� .�
�! ����  t� ���	 ���?
 �! B"Kc,cc\ 

 	�"E� `
�A�
(j ���"�! �P� 	� 
	 	
�D� 	�"E� `
�A�
 M��� 

 V���#
+� 	��K�! ���
�� 	�"E� `
�A�
 �! �!
�! . M;K 	� l 

 ���	
��
�X-MR *,
 ��K (�
	
 ��?
 9�
 (! U�!�� . ���	 ���?


 ����� 	�Qcc*,
 �����) ��0�
 ����� *A& ���
�� >� 	�  .

 	
��
�MR  ����� 	�Qlc �"# *"Eg� W"G�& (! 5��� $���%& 

*,
 ��K. 
 �! (.C
�� 	� 
	 ���� =�J", ��;:
� ��A� ��N���?
 9 

$� $,	�! ="�� . M;K 	�n�!
  ���� =�J", ���	� ����"3�� 
�

 ������ 	
�D� M��Kx(t) � >� �"<�& �! $��J-
���< 	
�D� �

��0�� 	�"E� `
�A�
 	
�D� �
 (�
	
 �
����� 9��<� �
 	�.r ��6 (! 

*,
 �����) .  

$� ������ (� 	�O��
�  ��K �R�� ���	� �"3�� 	
�D� 	� �""3&

$� p�JA� ���	 ���?
 $��,��K M��� ��K .�M;K 	 {� 	
��
� 

$C��< �$� ������ ���� =�J", �� ��K . �"3�� ��
 $C��< 	�

 *"Eg� *,
 (�J�
�& �
����� 9"! $��J-
���< ��C� �/
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�� �������� �	
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�� ��
�
�� ��
��  

 
 ����� �
 M-� 
	 �����"#Q\c��� $��,��K . (6�!�� ���	
��
� 	� 

 '"� $C��< ����"3�� �
 >� �� �! L-&�� ="
%& �N��
� +��� 

*,
 ��K.  ���C 	�e � V���#
 M��� F:�G� ����D� �
�
 (! 

 ���	
��
� � ���� =�J", ��;:
� (J��D� (! $O< ���	 B"K

*,
 ��K (�<
��� �	���K. $� (PNH� �	
�� $��
& 	� (� ��K� 

=�J",*,
 ��&�! �
	
� �	���K ���	
��
� (! *-J� ����  .

$� (0"�� (�����
 +
�& r �� (� ��
� ��")(  	
�D����#
 M��� V

 $���%& �"# *"Eg� $��,��K 	� ���� V�	 �	�� �K�! ��
�

$� ��-.! �!��.   

��K 1�
� (E?�O� �	�� $�����?
 ���C 9�
 	�  ���N L,�& (� ��


 (! ��"� � *J"� W"G�& M!�� $�N
�! �	���K ���	
��
� �����

��,
��	
� ��C� ���, T�JN 9"�
�� +�I
� ���� ��.K�	 �
 �� .

(� ����� B:O� V�	 +�r (� *J�� *<�, +��� �6�< ���! 

 M!�� *",�JN �
 �
����� $)���
�� 4��� (! *-J� ����

 ��
� V���#
 	�"E� `
�A�
 	�Dr �� 9�
�!��! *,	
�	�<�! $.C�&

 $C��< �"3�� =�	
� 	�P��
 �K�!R��  �"# ���?
 W"G�& 	� '"�

�/�� $���%&�K�! .  

  
  

   
  

 ���> .�?� ���# +	!=
 ", 5@�
	� #$ )���' +"/#
$	0� ��AB�  

  

 ���C . ���# +	!=
 ", 5@�
	� #$ +�"� 1�2�3 +$�#� +"/�����

�?�  

 

 ����D .$
$ E# ���
�� #$ �?� ���# F� 5���"!�/ +�"� 1�2�3 ����� +"/����� ��AB��3
 G.  

��� ����� 

 (in-control1)  

���	�
 �� 

 (n-control2)  

��� �����  

��� �����  

��� �����  

�
����X  

MRنمودار  
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 )���� . 52�"6�H
	
���# +	!=
 7�8*
 +
�, -#"/	� +"/#
$	0� ", +�"� I�#   

I"*�J
 #"�A� K
�L�
  

0.1 0.2 0.3 0.5 
+�"� I�#  

7.085 6.965 7.035 6.835 0.35 
9.36 8.96 8.915 8.965 0.25 

11.39 10.41 10.345 10.765 0.2 

5.44 10.745 14.76 17.175 0.1 �
��

� 
�

��
  

  

I"*�J
 #"�A� K
�L�
  

0.1 0.2 0.3 0.5 
-#"/	� #
$	0�  

8.745 8.725 8.795 8.38 0.35 

12.21 12.03 11.765 11.305 0.25 

15.275 15.015 14.505 13.7 0.2 

29.48 28.81 27.675 25.03 0.1 

�
��

� 
�

��
  

  

��� .���3 +	!=
  

��� ���	
��
� ��	 �! $:;", ������	 ����
 $��) ������ ��

$� ��K .$� +��� 
	 U�D� �
 ��J;� M;", ���?
  ���	 >� (� ���

$� ��-�� 
	 M;K $,��",  @�! *
, (! �p����� �	�8 (! � ����

$� *��N 9"��� � ����.   

	� (O!
	 ���?
 $g��	M;", � ���
	�� (, "+�,�� (��
�"� �" �	��

p���& "�	
� ��C� V���#
 � .���� �
�!� M;K QQ�  ���	
��


 p���& �	�� (� M;", ���?
 >� �! (.C
�� 	� 
	 �	���K �����

 �! �!
�! +�Qc �! �!
�! +� +�,�� (��
� � c,Q *,
 	�"E� `
�A�
 

$� +��� ��� . ����� 	� ���� �"# ���?
 9�
Qcc ���
�� >� 	� 

 � *,
 �����) ��0�
 ����� *A& L,�& 	
��
�MR  ����� 	�Qnc 

 F��K*,
 ��.  

 M;K 	�Q\ ���� =�J", ���	� ����"3��  9�
 �! (.C
�� R����

*,
 ��K ��
� +��� ��?
 .=�J", �
 Z� h
���N 
	 ��?
 9�
 ���� 

dc*,
 ���
� $��,��K �����  . 1!�& +�
� (� R�� ���	� �"3��

 ���� (��
0� 5:E&$��J-
� R��$� +��� 
	   ���	 >� �
 ���

$� 	
�	�<�! $?�'� "
� � �K�! *"Eg� $��,��K M��� i�g�� 9

$� p�JA� $���%& �"# ��K .  

 M;K 	� ���� =�J", $C��< ����"3�� 	
��
�Qd ��
� 4��
� 

*,
 ��K. (j *J�� (C�& M!�� B:O�  �K�! =� +�,�� (��
� �)


 (! 	��� hH8
 ����� ���N (:",�! �	���K ���	
��
� *,
 9;
�

��K�-� �����"# *"Eg� $��,��K. �& �! �
 Z� B:O� 9�
 (! (C

dcc("-K 	�!  �	���K ���	
��
� (� $&�E�� �
�E& ���,

(�J�
�&  ���?
 ��
MS", W"G�& ��� +
��� *A& ���� $��,��K 
	 

 ���C 	��$� (�
	
  ��K. 

                                                 
1. amplitude 

 )���M . -#"/	� +"/#
$	0� 7�8*
 E�� �,"��#


 N*' #$�O�3 +	!=
  �
:DD#
�O
 #",   

9
/�:� �

&� 2�����  

0.1 0.2 0.3 0.5 

;��<
� ��#  

 ����= 
! >?  

7 6 1 17 1 
4 4 2 47 1.25 
7 8 10 103 1.5 
6 4 27 198 1.75 
5 15 75 247 2 

	

�

�
� 


��
��

  

  

 	�"E� `
�A�
 F:�G� ����D� T�,
�! ��� ���C (! (C�& �!

M;", ���?
 +�,�� (��
� � V���#
�(J��D�  
 9"! �=�J", ���� 

 ���	
��
� � (� *��) �	�8 �	���K z���� ���C 	�b  ��K *-/

*,
.  ���	
��
� W"G�& ��� (� ��	
�� 	� ���C 9�
 	� (�-?


 �
 ��
� �	���KQc$�   ��D��
 (� 
�r *,
 ���� *-/ ���� �K�!

 $���
�& �
 �	���K ���	
��
� ����� ���N �	
�� 9�
 	� =�	
�

���J"� 	
�	�<�! ���� �"# *"Eg� F��. & �! ���C ����D� (! (C�

$� *K
��! (�����
  ���� �"# *"Eg� F�� 	� ���� V�	 (� ��K

*,
 ��,�JN 	�"J! M;", ���?
 >� ��C� �
 M8�N.  
  

M��.F�
"0�2�3 +	!=
    

 (! p����� �	�%! $�"! 4"� M!�� $&	�%! �
����� ����
 $��)

$� *��N 9"��� � @�! *
, ���� . ��C���?
 9�
 	
��
� ��	 X 

 (C	� �"P� $O"A� >"&�
�J", �
�""3& *:� (! *,
 9;
�

 ��.����,� �� ��	�&
��
 �
�J� $��0!�C �	�&
��
 $��J< ��	
�N

 9"K�� (! U�!�� (� ����� �"3�� �� � 	��� �� ���?� 	� ����,��

$� �"?�& �@� ��� ��C�! ��K.  
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 )���� . -#�4 52�"6�1�2�3
�, -#"/	� +"/#
$	0� ", +�"� ���3 +	!=
 7�8*
 +  

I"*�J
 #"�A� K
�L�
  

0.1 0.2 0.3 0.5 
+�"� I�#  

31.94 27.52 31.55 59.12 1 
30.99 28.5 30.23 36.32 1.25 
28.95 27.62 25.53 27.34 1.5 
24.52 24.52 23.3 22.32 1.75 
20.59 18.91 16.99 15.28 2 

	

�

�
� 


��
��

  

I"*�J
 #"�A� K
�L�
  

0.1 0.2 0.3 0.5 
"/	� #
$	0�-#  

} } } 210.41 1 

} } } 212.53 1.25 

} } 68.2 165.77 1.5 

} } 157.26 136.64 1.75 

} 108.07 156.4 110.13 2 

	

�

�
� 


��
��

  

  

  

  

 �<ABB .��� �
.������ 5
&	��<
� ��#;� 
! DE$��� �� ,�   �<ABF .�<
� ��#;� 
! DE$��� �� ��
� '��
� ����� �
.�
3��  

  

  
 ����: .
�� #$ ���3 +	!=
 5���"!�/ +�"� 1�2�3 ����� +"/����� ��AB���3
 G$
$ E# ��.  

  

(O!
	 	� $g��	  V���#
 ���
	�� �� �! >"&�
�J", ���?
  $)	'! �

>"&�
�J", ���?
�="�J� (C
��  . W"G�& ��� (;��
 (! (C�& �!

 
��!
 �	
� $��J! >"&�
�J", ���?
 $)	'! (! �	���K ���	
��
�

                                                 
1
 magnitude of systematic pattern 

���C 	� k(�J�
�& �	���K ���	
��
� (� $&�E�� �
�E&   �
 ��


dcc$� (�
	
 ���� F�� 
	 ���� �"# *"Eg� �	
�;& 	�!  ��K . 	�

 ���ClD� z����  �	���K ���	
��
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