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ƱŚƯŹŵ�ƹ�ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěƱŚƯŹŵ�ƹ�ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě��
��

ƾůŚŤƟ�ƲǀƄƟřźǀƯř**ŌŚƴƀƫřŹƺƳ�ƩƺſŹ���ƾƨƷƺƧƹŵ�Ĭƴƃźě��ƹƳŚųŚŝŚŝ�ŵƺƘƀƯ�ƾ��

��
ŶǀƬĩ�šŚưƬĩƽ� ������������������������������������ƵŶǀĪģ�����

ƶƈŴƄƯ� �ƱŚƯŹŵ� ƹ�ŢƃřŶƸŝ� ƵŻƺů� Źŵ�ŵ� ŵƺūƹ�ƾţƹŚƠŤƯ�ƾƠǀƧ�ƽŚƷ�ƂƿŚě� ŵŹƺƯ�Ţſř� ƭŻǇ� ƶƧ� ŶƳŹř
�Monitoring��ŶƳźǀĭ�Źřźƣ�ƩźŤƴƧ�ƹ� �ƶƈŴƄƯ�źƷ�ƂƿŚě�ƶŤŞƫř��ƽŹŚƯō�ƁƹŹ�ŶƴƯŻŚǀƳ�ƾƠǀƧ���ŹřŵƺưƳ

ƩźŤƴƧ��Ţſř�ƾƇŚų��ƶƈŴƄƯ��űźƳ�ƪǀƫŵ�ƶŝ�ƶƧ�ŶƳŹřŵ�ŵƺūƹ�ƱŚƯŹŵ�ƹ�ŢƃřŶƸŝ�Źŵ�ƾƇŚų�ƾƠǀƧ�ƽŚƷ
Ʊō�ÊƮƧ�ŹŚǀƀŝ�ŵřŶųŹ�Ʋƿř� �ŚƷ�ƶŝ�ŹƺƏ�ƾƯ�źƔƳ�ƂƿŚě�ƽřźŝ�ƾƬǀƫŵ�ƶƧ�ŶſŹƱō�ƩźŤƴƧ�ƹ���ƶŤƃřŶƳ�ŵƺūƹ�ŚƷ

Ʊō�ƂƿŚě� ľǈƇř�Śƿ� �ŶƃŚŝ�ƱŚƨƯř�ŚƷ�Ʊō�ŵřŶųŹ�űźƳ� řźƿŻ� �ŶƃŚŞƳ�źƿŸě�ƶŝ�ŚƷ��ƂƿŚě�ƶƧ�Ţſř�ƦģƺƧ�ƽŶů
Ʊō�ƩƹřŶŤƯ�ƩźŤƴƧ�ƽŚƷŹřŵƺưƳ�Żř�ƵŵŚƠŤſř�Śŝ�ŚƷp�ƹ�npƱŚƨƯř���Ʋǀƴģ�ƽřźŝ�ƶƧ�ƾţŹƺƇ�Źŵ��ŢƀǀƳ�źƿŸě

ƶƈŴƄƯ�ƁƹŹ� żǀƳ�ƾƠǀƧ�ƽŚƷ�ƾƿřŹŚƧ� Śŝ�ƾƗƺƴŤƯ�ƽŚƷ�ŚƳƺĭ�ƽŚƷŢſř� ƵŶƃ� Ƶŵřŵ� ƶƘſƺţ� Ʊƺĭ� ��Ʋǀƴģ
ƶƈŴƄƯ��ŹŵŚƳ�ƾŤƃřŶƸŝ�ƽŚƷŶƯŚƄǀě��ƾƠǀƧ�ƽŚƷ�Rare health events��ƾƯ�ƵŶǀƯŚƳ�ŶƳƺƃ���ƶƫŚƤƯ�Ʋƿř

ƁƹŹ�Ʋƿř� ÊƲƿźŤƟƹźƘƯ�ƾƟźƘƯ� Śŝ� Śţ�Ţſř�ŵŶƇŹŵ�Ʊō�ƶƀƿŚƤƯ�ƶŤŞƫř� ƹ� ŚƷ��ƎſƺŤƯ�ƆųŚƃ�ŽŚſř�źŝ� ŚƷ
�ƶƫŚŞƳŵ�ƩƺƏ�ARL�ŚſŚƴƃ�ƅƺƈų�Ʋƿř�Źŵ�řŹ�ƽŹŚƯō�ƁƹŹ�ƲƿźţřŹŚƧ��ŶƴƧ�ƾƿ���

��
æ� ƶƯŶƤƯÎ��

ƶƈŴƄƯ�ƱŚƯŹŵ� ƹ�ŢƃřŶƸŝ�ƂŴŝ� Źŵ�ƾƠǀƧ�ƽŚƷÏ�ŵƺūƹ�ƾţƹŚƠŤƯ� �
ƾƯ�ƶƧ�ŶƳŹřŵ�ŶƳźǀĭ�Źřźƣ�ƩźŤƴƧ�ƹ�ƂƿŚě�ŵŹƺƯ�ŶƴƳřƺţ��ƶƈŴƄƯ��ƾƿŚƷ

� ƱŚŤſŹŚưǀŝ�ŢƳƺƠƗ� űźƳ� ŶƴƳŚƯ� ƾƠǀƧ@æ>īźƯ� űźƳ� ���ƱřŹŚưǀŝ� źǀƯƹ
@ç>�Ʊƺų�Ŷƴƣ�ƱřżǀƯ��@è�>�Ʊƺų�ŹŚƄƟ�Śƿ@é��ê�>�ƹ�ŹŚưǀŝ�Ʀƿ�����Żř

ƶƬưū� Ʋƿř�� ƁƹŹ� ƭřŶƧ� źƷ� ƶŤŞƫř� ƶƧ� �ŶƳř�ƩźŤƴƧ� ŹřŵƺưƳ� ��ƽŹŚƯō
ƾƯ� ŜƬƏ� řŹ� ƾƇŚų�ŶƴƧ� �ƶƈŴƄƯ� ƩźŤƴƧ� ƹ� ƂƿŚě� ƽŚƷŹřżŝř��ƽŚƷ

ƾƯ�řŹ�ƾƠǀƧ�ƶƫƺƤƯ�Źŵ�Ʊřƺţ��Ʊƺģ�ƽř~ƽŹŚƯō�ŶƴƿōźƟ�ƩźŤƴƧnÐ@�ë�>��
ŵźƧ�ƺŬŤƀū��ŢǀƠǀƧ�ŢƿźƿŶƯ�Żř�ƾưŤƀǀſźƿŻ�ƱřƺƴƗ�ƶŝ���ƂŴŝ�Źŵ

                                                 
ƩƺƇƹ�ŲƿŹŚţ��æç�ç�îå��
Ŝƿƺƈţ�ŲƿŹŚţ��çê�è�îå��

*ƶƫŚƤƯ� ƩƺŘƀƯ� ƵŶƴƀƿƺƳ��źŤĩŵ�ƾůŚŤƟ� ƲǀƄƟř� źǀƯř�ƾſŶƴƸƯ� ƵŶƨƄƳřŵ� �
�ŶƳźě�Ŷůřƹ�ƾƯǈſř�ŵřŻō�ƵŚĮƄƳřŵ�ƖƿŚƴƇafshinfatahi@iust.ac.ir��

źŤĩŵ�ŌŚƴƀƫřŹƺƳ�ƩƺſŹƱřźƿř�ŢƘƴƇ�ƹ�ƮƬƗ�ƵŚĮƄƳřŵ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƵŶƨƄƳřŵ� ��
rassoul@iust.ac.ir 
ƾƨƷƺƧƹŵ�Ĭƴƃźě�ŶƳźě�Ŷůřƹ�ƾƯǈſř�ŵřŻō�ƵŚĮƄƳřŵ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƵŶƨƄƳřŵ��

dokouhaki@iust.ac.ir 
�źŤĩŵ�ƳŚųŚŝŚŝ�ŵƺƘƀƯƾƴƇ�ƾſŶƴƸƯ�ƵŶƨƄƳřŵ��Ʊřźƿř�ŢƘƴƇ�ƹ�ƮƬƗ�ƵŚĮƄƳřŵ�ƖƿŚ�

m.babakhani@iust.ac.ir 
2�- Quality Characteristic 
3�- Statistical Process Control (SPC) 

ƶƈŴƄƯ�ƱŚƯŹŵ�ƹ�ŢƃřŶƸŝ�ƺūƹ�żǀƳ�ƽźĮƿŵ�ƾƠǀƧ�ƽŚƷ�ƶƧ�ŶƳŹřŵ�ŵ
� ŹŵŚƳ� ƽŚƷŵřŶųŹ� ƪǀƫŵ� ƶŝ�śŚǀưƧ� �Ʊō� żǀģŚƳ� ƹ��Ţſř� ƲƨưƯ� �ŚƷ

Ʋƿř�ƶŝ� ŹƺƏ�Ʊō� ƩźŤƴƧ� ƹ�ƂƿŚě� ƶƧ� Ŷſźŝ� źƔƳ��Śƿ� ƹ� ŵŹřŶƳ�ƾƯƹżƫ� ŚƷ
ƱŚƨƯř�ľǈƇř�Ʊō�ŵřŶųŹ�űźƳ�řźƿŻ��ŶƃŚŞƳ�źƿŸě��ŵƹŶů�Źŵ�ŚƷååæ�å�Śƿ�

ƦģƺƧ�Ţſř�Ʊō�Żř�źţ��ƶƈŴƄƯ�Ʋǀƴģ�ƂƿŚě��ƵŵŚƠŤſř�Śŝ��ƾƠǀƧ�ƽŚƷ
Ƨ� ƽŚƷŹřŵƺưƳ� Żř� ƩźŤƴp� ƹ�npƶŝ� ��Ƃǀŝ� ƵŶƿŶě� ƪǀƫŵ�ƾƣřźŤƟřÑ��

ƱŚƨƯř�ŢƀǀƳ�źƿŸě����
ƩŚſ� Źŵ��ƶƧ� ƾƿŚƷŶƯŚƄǀě� ÊŵřŶųŹ� űźƳ� ƂƿŚě� ƶƫŐƀƯ� �źǀųř� ƽŚƷ

Ʊō� ŵřŶųŹ� ƩŚưŤůř�ƶƫŐƀƯ� ƱřƺƴƗ� ƶŝ� �Ţſř� żǀģŚƳ� ŚƷ��Źŵ� śřŸū�ƽř
ƵŻƺů��Ţſř� ƵŶƃ�ŭźƐƯ�ƽĥƺƫƺǀƯŶǀěř� ƹ�ƾƳŚŤſŹŚưǀŝ� �ƾŤƘƴƇ�ƽŚƷ��
ƩŚŨƯ�ƶƴǀƯŻ� Ʋƿř� Źŵ� ƾƨƃżě� ƵĦƿƹ� ƽŚƷ�ƂƿřżƟř�ƂƿŚě� Żř� ŶƴţŹŚŞƗ�

� ƱŚƏźſ� ŵřŶųŹ� ƦƀƿŹ@ì>ƾūƹźų� śƺǀƗ� űźƳ� ƂƿŚě� ���ƽŚƷ
ƶŝ� �ƾƳŚŤſŹŚưǀŝ�ƾůřźū� �ƵĦƿƹ�� ŚƷ@ì� >�ŵřŶųŹ� űźƳ� ƂƿŚě� ƹ

ƽŹŚŬƴƷŚƳ��ƽŵřŻŹŵŚƯ�ƽŚƷ@î�ææ�>��
ƁƹŹ� ƶƘſƺţ��Źŵ� śŚǀưƧ� ƽŚƷŵřŶųŹ� ƂƿŚě� ŵŹƺƯ� Źŵ� ŵŶƘŤƯ� ƽŚƷ

ƾƳŚƸū� ŮƐſ� Źŵ� ƱŚƯŹŵ� ƹ� ŢƃřŶƸŝ@æç�êå>�ƶūƺţ� źŝ� ƽŶǀƧŐţ� �
ƅŚųƲǀŝ�ƖƯřƺū��ƶŝ�šŹƹźƋ�źŝ�ƾƬƬưƫř�ƁƹŹ�Ʋƿř�ƽźǀĭŹŚƧ�Ţſř�ŚƷ��

                                                 
4�- Overdispersion 

�ƵŹŚººưƃ�ƵŹŚººưƃèè�ŶººƬū���ŶººƬū��çççç����żººººǀƿŚěżººººǀƿŚě��æèîåæèîå  

�ƶºººŰƠƇ�ƶºººŰƠƇçééçéé��çêçêçç  
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ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě��������������������řřƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ��ƾůŚŤƟ�ƲǀƄƟřźǀƯƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ�����������çéê��

  

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè  

ƩƹřŶŤƯ�ƾƟźƘƯ��żǀƳ�źƋŚů�ƢǀƤŰţ�šŹƹźƋ�ƁƹŹ�Ʋƿř�ÊƲƿźţ��ŚƷ@æè�>�ƹ
Ʊō� ƶƀƿŚƤƯ� ƶŤŞƫř�ƶŝ� ŚƷ��Źŵ� ƽŹŚƯō�ƁƹŹ� ƲƿźţřŹŚƧ� ƾƿŚſŚƴƃ� ŹƺƔƴƯ

Ţſř�śŚǀưƧ�ƽŚƷŵřŶųŹ�ƂƿŚě�ŵŹƺƯ���
ƁƹŹ� źŝ� ƽŹƹźƯ� řŶŤŝř� �ƶƫŚƤƯ� Ʋƿř� Źŵ��ƂƿŚě� ƽřźŝ� ŵƺūƺƯ� ƽŚƷ

ųŹƾƯ�ƶƿřŹř�śŚǀưƧ�ƽŚƷŵřŶ�ŵƺƃ� ��ƎŝřƹŹ�ƹ� ŚƷźŤƯřŹŚě� �ŚŤſřŹ�Ʋƿř� Źŵ
ƾƯ�ƾƟźƘƯ�ƶƴǀƯŻ�Ʋƿř�Źŵ�ƾƬƇř�ƁƹŹ�ŹŚƸģ�Śŝ�ƎŞţźƯ��Śŝ�žĜſ��ŶƳƺƃ

� ƆųŚƃ� ƶƿřŹř~ƶƫŚŞƳŵ� ƩƺƏ� ƎſƺŤƯn�ƁƹŹ� ŹŚƸģ� Ʋƿř� ŵźƨƬưƗ� �
ƾƯ� ƶŞſŚŰƯ�ŶƳƺƃ� ��Żř� Ʀƿ� źƷ� ƽřźŝ� źƔƳŵŹƺƯ� ƆųŚƃ� ƶŞſŚŰƯ

ƁƹŹ�ƶǀŞƃ� ŜƫŚƣ� Źŵ� �ŚƷ�ƶƳŚƿřŹ� ƽŻŚſ�� ƹ� ƽřƭźƳ� Żř� ƵŵŚƠŤſř� Śŝ��ŹřżƟř
MatlabŢſř�ƶŤƟźĭ�šŹƺƇ���ƶŬǀŤƳ�ƹ�ŦŰŝ��ŚƸŤƳř�Źŵ��ŵŹƺƯ�Źŵ�ƽźǀĭ

ƁƹŹ�Ʋƿř�ŵźƨƬưƗ�ƶƀƿŚƤƯ�Ţſř�ƵŶƃ�ƶƿřŹř�ŚƷ�����
��

ç��ƟźƘƯƾƁƹŹ��ŚƷƽŚě�ƿƂ��
� ŹŵŚƳ� ƾŤƃřŶƸŝ� ƽŚƷŵřŶųŹ� ƂƿŚě� ŦŰŞƯ�śŚǀưƧ��ƶƬưū� Żř� �

ƽŹŚŬƴƷŚƳ�ŶǀƯƹŶǀƫŚţ�ƶƘūŚƟ�ƱŚƯŻ�Żř��ƽŵřŻŹŵŚƯ�ƽŚƷÎ�ƶƷŵ�Źŵ�æîëå�
ŢƟźĭ�Źřźƣ�ƶūƺţ�ŵŹƺƯ��ƁƹŹ��žě�Ʊō�Żř��ƽřźŝ�ƾƗƺƴŤƯ�ƽŹŚƯō�ƽŚƷ

Ţſř�ƵŶƃ�Ƶŵřŵ�ƶƘſƺţ�ŚƷŶƯŚƄǀě�ŵřŶųŹ�űźƳ�ƂƿŚě��ƁƹŹ�ŹƹźƯ��ƽŚƷ
�ƥŚŝ� ƹ� ƱƺƀÊƳŚſ�Ǝſƺţ�ƾƯƺưƗ�ŢƯǈſ� Źŵ�ƽŹŚƯō�ƂƿŚě@æç� >�ƹ

�Ʃřŵƹƹ@æè�>Ţſř�ƵŶƃ�ƶƿřŹř��ƾĭĦƿƹ�ƁƹŹ�ƾĮƴǀƸŝ�ƽŚƷ��ƞƬŤŴƯ�ƽŚƷ
ƶŝ� �ƂƿŚě�ƶƳƺĭ�ƵŵźŤƀĭ� ƽř�źƟ� Ǝſƺţ� �� ƱƺƀƳŚſ� ƹ� ƲÊƀƿ@æé� >�ƹ
�ƲÊƀƿźƟ@æê��æë�>Ţſř�ƵŶƃ�ŹƹźƯ���ƾƳŚūƺŝŹŚŝ�Ǝſƺţ�żǀƳ�Ʊō�Żř�ƪŞƣ

@æì�>�ƱřŹŚƨưƷ�ƹ�ƽǇ�ƹ@æí�>�ƂƿŚě�źŝ�żƧźưţ�Śŝ� �ƽŹƹźƯ�ƾţǇŚƤƯ
ƽŹŚŬƴƷŚƳ�ŵřŶųŹ�ƶŤſƺǀě�Ţſř�ƵŶƃ�źƄŤƴƯ��ƽŵřŻŹŵŚƯ�ƽŚƷ���

ƁƹŹ� źŝ�ƽŹƹźƯ� ƹ�ƾƟźƘƯ�ƲưƋ� �ƶƫŚƤƯ�Ʋƿř� Źŵ��ƶƘſƺţ�ƽŹŚƯō�ƽŚƷ
Ƶŵřŵ�źŝ� ƵŶƃ��ƁƹŹ� ŹŚƸģ� �śŚǀưƧ� ƹ� ŹŵŚƳ� ƽŚƷŶƯŚƄǀě� ŵřŶųŹ� ƽř

ƾƯ�ƾƟźƘƯ�źŤƄǀŝ�ƾţŚǀŗżū�Śŝ�ƶƴǀƯŻ�Ʋƿř�Źŵ�ƾſŚſř��źƷ�ƶƧ� �ŶƳŵźĭ
�śŚǀưƧ�ŶƯŚƄǀě�Ʀƿ�ŵřŶųŹ�űźƳ�Źŵ�ƾƳŚƸĭŚƳ�ƂƿřżƟř�ƞƄƧ�ƽřźŝ�Ʀƿ

ƵŶƃ�Ƶŵřŵ�ƶƘſƺţ�Ţſř�����
ƶƗƺưŬƯ�ƁƹŹ�ƁƹŹ�Ʋƿř�Żř�ƾƨƿ�ƱřƺƴƗ�ƶŝ��ŚƷ�ƾƯ�řŹ�ŚƷ��ƖŞƴƯ�Źŵ�Ʊřƺţ

@æî� >ƣ� ƶƣřŶƯ� ŵŹƺƯŵřŵ� Źřź� ��ƁƹŹ� Żř� ƶŤƟŚƿ� ŵƺŞƸŝ� ƁƹŹ� ƹŵ
ƶƗƺưŬƯ�ƁƹŹ�ƹ�ƾƘưŬţ�ŻŚǀŤƯř�ƁƹŹ�ƾƴƘƿ��ŚƷSHDAƶŝ��řŹ���Ŝǀţźţ
�ƖŝŚƴƯ�Źŵ@çå�çæ�>�ƹ@ì�çç�>ƾƯ�ŵźƧ�ƶƘƫŚƐƯ�Ʊřƺţ���ƶƧ�źĮƿŵ�ƁƹŹ

ƱřŹŚƨưƷ� ƹ� ƺĮÊſ� Ǝſƺţ@çè� >�ƁƹŹ� �Ţſř� ƵŶƃ� Ƶŵřŵ� ƶƘſƺţ
Ɩưū�ŵŹřŵ�ƭŚƳ�ƾƫƺƳźŝ�ƾƘưŬţ��Ɩưū�ƁƹŹ�ƶƧ�ƾƫŚů�Źŵ��ƽřźŝ�ƾƘưŬţ
ŴƳ�ŪǀÊě�Ǝſƺţ�ŹŚŝ�ƲǀŤƀ@çé�>�Ŷƃ�ƶƿřŹř��ƱřŹŚƨưƷ�ƹ�ƺĮÊſ�@çè�>�Żř

ƶƘſƺţ�ƾƫŶƯ��ŽƺŞƯŚŤſř�ƹ�ŻŶƫƺƴƿŹ�Ǝſƺţ��ƁƹŹ�Ʋƿř�ŽŚſř�źŝ�ƶŤƟŚƿ
@çê�çë>ƵŵźƧ� ƵŵŚƠŤſř� śŚǀưƧ� ƽŚƷŶƯŚƄǀě� ƂƿŚě� ƽřźŝ� ��ŶƳř��

ƾĭĦƿƹ� ŽŚſř� źŝ� ŹƺƧŸƯ� ƁƹŹ� ŹŚƸģ� ƶƀƿŚƤƯ��ƾĮƴǀƸŝ� ƽŚƷ
ƪƣřŶů��źŨƧřŶů�MinMax�Ɩưū�ƁƹŹ�Źŵ�ƶƧ���ưŬţ�Ţſř�ŭźƐƯ�ƾƘ

@çì��çí>Ţſř�ƭŚŬƳř�ƪŝŚƣ�����

                                                 
1�- Thalidomide 

ŶǀƴƧ�ƉźƟ1Y�2Y�3Y�ƹ����ƂƿŚƯŻō�ƽźſ�Ʀƿ��ƾƫƺƳźŝ�ƪƤŤƀƯ�ƽŚƷ
ƶŝ��ŶƴƃŚŝ�ƶƳƺĭ��ƶƧ�ƽř1YƱŚƄƳ���ƽŵřŻŹŵŚƯ�ƽŹŚŬƴƷŚƳ�ŵƺūƹ�ƵŶƴƷŵ

�ƹ0YƱŚǀŝ��ŶƃŚŝ�Ʊō�ƭŶƗ�ƵŶƴƴƧ��ŶǀƴƧ�ƉźƟ��ƲǀƴĤưƷ�1�
ƱŚƄƳ��ŵřŶųŹ� ƩŚưŤůř� �ŶƃŚŝ� ŵřŶųŹ� űźƳ� ƂƿřżƟř� ƱŚƯŻ� ƵŶƴƷŵ
ƶŝ�ƽřŻř121  ,,, j� Śŝ� źŝřźŝ�

01 pYP j  )(ƶŝ� ƹ���ƽřŻř
,, 1 jŚŝ� źŝřźŝ��01 pYP j  )(ŶƷřƺų���ŵƺŝ�
ƶŝ�ƶƳƺĭ�ƶƧ� ƽř10 0  p� ƹ�011 p Ţſř�� �ƵŵŚſ� ƉźƟ��ŻŚſ

Ʋƿř� Ʊō� ƹ� ŢƟźĭ� źƔƳŹŵ� ŶƿŚŝ� ƮƷ� ƽźĮƿŵ�ŹřŶƤƯ� ƶƧ0p�ƆŴƄƯ�
Ţſř� �ƶŝ� ƶŤŞƫř�ƁƹŹ� Ʋƿř� ƽźǀĭŹŚƧ��ŶƴƯŻŚǀƳ� �ƪưƗ� Źŵ� ŚƷ
ŵŹƹōźŝ�ƲǀưŴţ� �� ŹřŶƤƯ0přŵ� Żř�Ƶŵ�Ţſř� ƲǀƄǀě� ƽŚƷ� ��ƹ� ƲÊƀƴÊū

�ƱřŹŚƨưƷ@çî�>�ŚƷźŤƯřŹŚě�Ʊŵƺŝ�ƆŴƄƯ�ƉźƟ�źǀŧŐţ��ƶƧ�ƾƫŚů�Źŵ
Ƶŵřŵ�Żř�ŶƿŚŝ�ľŚƘƣřƹ�ŶƳƺƃ�ƵŵŻ�ƲǀưŴţ�ƲǀƄǀě�ƽŚƷ����ƽŚƷŹřŵƺưƳ�źŝ�řŹ

ƶƫŚƤƯ� ŜƫŚƣ� Źŵ� �ƩźŤƴƧ�Ƶŵřŵ� ƶƿřŹř� ƽŹƹźƯ� ƽř�ŶƳř� ��ƱřŹŚƨưƷ� ƹ� ƲÊģ
@èå� >ƶƗƺưŬƯ� ƁƹŹ� ŵŹƺƯ� Źŵ� řŹ� ƕƺƋƺƯ� Ʋƿř�ŚǀŤƯř� ƁƹŹ� ƹ� ŚƷ�Ż

ƵŵźƧ�ƑŚŰƫ�ƾƘưŬţ�ŶƳř����
ƁƹŹ� ŹŚƸģ�ƶƳ� �ŹƺƧŸƯ���ƶƨƬŝ� �ŵřŶųŹ� űźƳ� Źŵ�ƾƳŚƸĭŚƳ�ƂƿřżƟř� ŚƸƴţ

Ʊō�ƾƳŚƸĭŚƳ�ƂƷŚƧ�10  ��ƾƯ�żǀƳ�řŹ�ŶƴƴƧ�ƞƄƧ�ŶƴƳřƺţ����
ƭŚƳ�ƁƹŹ�ŹŚƸģ�ƶŝ��Ƶŵźŝ�ƶƳƺĭ�ƾƯ�ƾůřźƏ�ƽř��ƾĮƴǀƸŝ�Ǝƿřźƃ�ƶƧ�ŶƳƺƃ

ƪƣřŶů�řŶƤƯ� Żř� ƾưſř� źǀǀƜţ� Ʀƿ� ƞƄƧ� ƽřźŝ� �źŨƧřŶů� Ź0p�ƶŝ�

011 pp ƶŝ� ��ƽřŻř01 11 p ��ŶƃŚŝ� Źřźƣźŝ�
�ƲƿřźŝŚƴŝ1ƱŚƄƳ��ƞƄƧ�ƽřźŝ�ŹřŵƺưƳ�ƶƧ�Ţſř�ƽźǀǀƜţ�ƵŻřŶƳř�ƵŶƴƷŵ

Ţſř�ƵŶƃ�ƾůřźƏ�Ʊō���
ƁƹŹ� Źŵ� ƽŹŚƯō� ƽŚƷŵźƨƿƹŹ�Ţſř� šƹŚƠŤƯ� ƮƷ� Śŝ� ơƺƟ� ƽŚƷ� ��ƶŝ

ŨƯ� ƱřƺƴƗƖưū� ƁƹŹ� Źŵ� �ƩŚ�� ƾƫƺƳźŝ� ƾƘưŬţ@çè>�ŵřŶųŹ� űźƳ� �
ƽŹŚŬƴƷŚƳ�ƂƿŚƯŻō�ƽźſ�Ʀƿ�ƩŚŞƣ� Źŵ�ƽŵřŻŹŵŚƯ�ƽŚƷ��ƾƫƺƳźŝ�ƽŚƷ

ƩŶƯ�ƾƯ�ƽŻŚſ��Ʋǀŝ� ƶƬƇŚƟ� �źĮƿŵ�ƁƹŹ�ƶſ� Źŵ�ƶƧ�ƾƫŚů� Źŵ� �ŵƺƃ
ƽŹŚŬƴƷŚƳ� ŵřŶųŹ�ƩŶƯ� Źŵ� ŚƷ�ƽŻŚſ�ƶŝ� ŚƷ�ƾƯ� ƶŤƟźĭ� ŹŚƧ�ŶƳƺƃ� ��Ʋƿř

ƾƯ�ƶƬƇŚƟ�ſ�ƱřŵřŻƺƳ�Ŷƫƺţ�ŵřŶƘţ�ƱřƺƴƗ�ƶŝ�ŶƳřƺţ�ÊŶƫƺţ�ƹŵ�Ʋǀŝ�Źŵ�ƮƫŚ
�űźƳ�ƶƧ�ƾţŹƺƇ�Źŵ�ƶŤŞƫř��ŵƺƃ�ƶŤƟźĭ�źƔƳŹŵ�ƽŵřŻŹŵŚƯ�ƽŹŚŬƴƷŚƳ�Śŝ

ƾƯ�řŹ�ƶƬƇŚƟ�Ʋƿř��ŢƟźĭ�źƔƳŹŵ�ŢŝŚŧ�ƱřƺŤŝ�řŹ�ŚƷŶƫƺţ��ƱřƺƴƗ�ƶŝ�Ʊřƺţ
ŢƟźĭ� źƔƳŹŵ� ƽŵřŻŹŵŚƯ� ƽŹŚŬƴƷŚƳ� Śŝ� ÊŶƫƺţ� ƹŵ� źƷ� Ʋǀŝ� ƱŚƯŻ� ��Źŵ
ƷŚƳ�Śŝ�Ŷƫƺţ�ƹŵ�Ʋǀŝ�Źŵ�ƮƫŚſ�ƱřŵřŻƺƳ�Ŷƫƺţ�ŵřŶƘţ��ŢƀŴƳ�ŵŹƺƯ�ƽŹŚŬƴ

� ƾſŶƴƷ� ƾƟŵŚƈţ� źǀƜŤƯ� Ʀƿ� �ƽŵřŻŹŵŚƯ�Geometric� ��źƔƳŹŵ
ƾƯ�ƶŤƟźĭ��ŵƺƃ@æî�>ƾƫŚů�Źŵ��ƹŵ�źƷ�Ʋǀŝ�ƱŚƯŻ� �ƭƹŵ�ŵŹƺƯ�Źŵ�ƶƧ

�ƾƿŚưƳ� ƾƟŵŚƈţ� źǀƜŤƯ� �ƽŵřŻŹŵŚƯ� ƽŹŚŬƴƷŚƳ� Śŝ� Ŷƫƺţ
�Exponential� �ƾƯ� ơǈƏř�� ŵƺƃ@ì� �>�Źŵ� šƹŚƠţ� ƮƛźǀƬƗ

Ʊō�šŚƋƹźƠƯ� �ŹƺƧŸƯ�ƁƹŹ� ŹŚƸģ�ƽŚƷŵźƨƿƹŹ�Ţſř�ƱŚƀƨƿ� ŚƷ�Żř� �
Ʋƿř�ƶƬưū�Ʊō�ƶưƷ�Źŵ�śŚǀưƧ�ƽŚƷŵřŶųŹ�űźƳ�ƶƧ��ŚƷŵřŶųŹ�ƹ�ŢŝŚŧ�ŚƷ

ƾƯ�ƉźƟ�ƪƤŤƀƯ�ƮƷ�Żř�ŶƳƺƃ���
ƁƹŹ� ƽŵřŶƘţ� �ŹƺƧŸƯ�ƁƹŹ� ŹŚƸģ� źŝ� ƵƹǈƗ��żǀƳ� źĮƿŵ�ƂƿŚě� ƽŚƷ

ŶƳŹřŵ�ŵƺūƹ��ƾţŹƺƇ�Źŵ��Ŷƫƺţ�ƹŵ�Ʋǀŝ�Źŵ�ƮƫŚſ�ƱřŵřŻƺƳ�Ŷƫƺţ�ŵřŶƘţ�ƶƧ
ƾƯ� �ŶƃŚŝ� ŽźŤſŵ� Źŵ� ƽŵřŻŹŵŚƯ� ƽŹŚŬƴƷŚƳ� Śŝ�ƺưƳ� Ʀƿ� Ʊřƺţ�Źřŵ
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çéë��������ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě������������ř����ř�����ƾůŚŤƟ�ƲǀƄƟřźǀƯƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ� 

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè��

Ɩưū��ŵřŵ� ƶƘſƺţ� ƾſŶƴƷ� ƩŚưŤůř� ƖƿŻƺţ� ŽŚſř� źŝ� ƾƘưŬţ
@èæƹèç��>Ɩưū�ŹřŵƺưƳ� �Ɩƣřƹ�Źŵ���ŵźƨƬưƗ�źƔƳ�Żř� �ƾſŶƴƷ�ƾƘưŬţ

Ɩưū�ŹřŵƺưƳ�Ŷů�Źŵ��Ţſř�ƾƫƺƳźŝ�ƾƘưŬţ@çêƹèç��>�ƶƧ�ƾƘƣřƺƯ�Źŵ
Ʀţ�ƁƹŹ� �ŵřŵ� Źřźƣ�ƂƿŚě� ŵŹƺƯ� ƱřƺŤƳ� řŹ� ŵřźƟř�Ʀţ��ŽŚſř� źŝ�ƾƿŚƷ

ƵŶƃ�Ƶŵřŵ�ƶƘſƺţ�ŚƷŵřŶųŹ�Ʋǀŝ�ƱŚƯŻ�ƳřƁƹŹ�Ʋƿř�Żř�ƾƨƿ��Ŷ��ŹřŵƺưƳ�ŚƷ
Ɩưū�ƾƿŚưƳ�ƾƘưŬţÎŢſř�@èè��èê� �>�Ʋƿř�Żř�źĮƿŵ�ƾƃƹŹ�ƱřƺƴƗ�ƶŝ

ƾƯ� �ƕƺƳ�ƝƺƿŚƿźǀƃ�ƁƹŹ� ƶŝ� Ʊřƺţ�żţźŝřŹ�Ï�ƾƿŚưƳ� šřŶƷŚƄƯ� ƽřźŝ�
�ŵźƧ�ƵŹŚƃř@èë��>��

Ƶŵřŵ�ƱřƺŤŝ�ŚƸƴţ�ƶƧ�ƾƳŚƯŻ�ƶŝ�řŹ�ŚƷ�ƶūźƟ�Źŵ�ƾƷƹźĭ�šŹƺƇ��ƾƳŚƯŻ�ƽŚƷ
Ɩưū� ƆŴƄƯ�� ŵźƧ� ƽŹƹō�ŵřŶųŹ� ŵřŶƘţ� ŶƴƳŚƯƵŚƯ� źƷ� Źŵ� ŚƷ���

ƶŝ�ƁƹŹ� ƽźǀĭŹŚƧ��Ʊƺſřƺě� ƩŚưŤůř� ƖƿŻƺţ� ŽŚſř� źŝ� ƂƿŚě� ƽŚƷ
ƶŝ� ƾƤƐƴƯ�ƾƯ� źƔƳ�ŶſŹ� �ƁƹŹ� Ʋƿř� ƶƬưū� Żř�ƾƯ� ŚƷ��ŹřŵƺưƳ� ƶŝ� Ʊřƺţ

Ɩưū�Ʊƺſřƺě� ƾƘưŬţÐ@�èè� �èì� >�ƥźŰŤƯ� ƲǀĮƳŚǀƯ� ŹřŵƺưƳ� � ƹ
Ʊƺſřƺě�ƾƿŚưƳ�ƱƹŻƺƯÑ@�èí�>ŵźƧ�ƵŹŚƃř����

Ɩưū� ƽŚƷŹřŵƺưƳ� ƶŤŞƫř�Ʈƴǀŝ� ƾƘưŬţÒ@�çë� >ƳŚǀƯ� ƹ�ƥźŰŤƯ� ƲǀĮ
Ʈƴǀŝ�ƾƿŚưƳ�ƱƹŻƺƯÓ@�èî�>ƾƯ�żǀƳ�řŹ�ŵřŵ�Źřźƣ�ƵŵŚƠŤſř�ŵŹƺƯ�Ʊřƺţ���źƷ

ƖǀưŬţ� Żř� ŶƿŚŝ� �ŶƃŚŝ� ƶŤƃřŵ� ƱŚƨƯř� ƶƧ�ƱŚƯŻÔƵŵřŵ��ƵŻŚŝ� Źŵ� ŚƷ��ƽŚƷ
�ƾƳŚƯŻ�ƩŶƯ�Ʊƺſřƺě�ƽŚƷ��Ƶŵřŵ�ƖǀưŬţ�Śƿ��ƾƴǀƘƯ�ŵřŶƘţ�ŜƫŚƣ�Źŵ�ŚƷ

�šřŶƷŚƄƯ�Żř�ƩŶƯ�Ʈƴǀŝ�ƽŚƷ� �ƾƯ�ƪưƗ�Ʋƿř� řźƿŻ� �ŵźƧ�ƕŚƴŤƯř��ŶƳřƺţ
ŝŵƺƃ�ƩźŤƴƧ�ŹřŵƺưƳ�ƾƿřŹŚƧ�ƂƷŚƧ�ŦƗŚ����

ƁƹŹ� Żř� ƵŵŚƠŤſř�Ƶŵřŵ� ƖǀưŬţ� ƶŝ� ŻŚǀƳ� ƶƧ� ƾƿŚƷ��ƭżƬŤƀƯ� �ŶƳŹřŵ� ŚƷ
�Źŵ�řŹ�ŵřŶųŹ�űźƳ�ƂƿřżƟř�ŶƳřƺŤŝ�ŹřŵƺưƳ�Śţ��ŶƴŤƀƷ�ƾƳŚƯŻ�ƵŻŚŝ�ƭŚưţř
�ŹřŶƄƷ�Źŵ�źǀųŐţ�ŦƗŚŝ� źƯř�Ʋƿř�ƶƧ� �ŶƷŵ�ƱŚƄƳ�ƾƳŚƯŻ� ƵŻŚŝ�ƽŚƸŤƳř

ƾƯ� ƩźŤƴƧ� ŹřŵƺưƳ� Ǝſƺţ�ŵƺƃ� �ƁƹŹ�ŹŚƷƺƃ� ƽŚƷšÕ�źŝ� ƾƴŤŞƯ�
ƖƿŻƺţ�ƾƯ�żǀƳ�Ʈƴǀŝ� Śƿ�Ʊƺſřƺě� �ƾƿŚưƳ� �ƾſŶƴƷ�ƩŚưŤůř�ƽŚƷ��ŶƴƳřƺţ

ƶŝ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƾųźŝ�ƂƿŚě�ƽřźŝ�ŶƳƺƃ�ƶŤƟźĭ�ŹŚƧ@éå��ë��>
�űźƳ� Śŝ� ÊšřźǀǀƜţ� ƾƿŚſŚƴƃ� ŢǀƬŝŚƣ� ƑŚŰƫ� Żř� �šŹŚƷƺƃ� ƽŚƷŹřŵƺưƳ

ƁƹŹ� Śŝ� ƶƀƿŚƤƯ� Źŵ� �ƮƧ� ŹŚǀƀŝ�� źŝ� ƾƴŤŞƯ� ƽŚƷCUSUM�ƹ�
EWMAƳ� ƽŵźƨƬưƗ� ƽřŹřŵ� ��ƞǀƘƋ� ľŚŤŞƀ��ƾƫƹ� �ŶƴŤƀƷ� źţ

ƵŵŚǀě�Ʊō�ŪƿŚŤƳ�źǀƀƠţ�ƹ�ƽŻŚſ�ƵŵŚſ�ŚƷ�Ţſř�źţ���
ƁƹŹ� ƶƀƿŚƤƯ� ŵŹƺƯ� Źŵ� ƽŵŶƘŤƯ� šǇŚƤƯ�ƶƗƺưŬƯ� ƽŚƷ��ŻŚǀŤƯř� �ŚƷ

� �ƾƘưŬţSHDAƖưū� ƹ��� ƵŶǀſŹ� ęŚģ� ƶŝ� ƾƫƺƳźŝ� ƾƘưŬţ�Ţſř���
Ɩưū� ŹřŵƺưƳ� �ƱŚƤƤŰƯ� Żř� ƽŹŚǀƀŝ��ƁƹŹ� Śŝ� řŹ� Ʊƺſřƺě� ƾƘưŬţ

ƶƗƺưŬƯ�ƾƘưŬţ�ŻŚǀŤƯř�ƁƹŹ�Śƿ�ŚƷƵŵźƧ�ƶƀƿŚƤƯ���ŶƳř@æî��éæ�éé��>
�ƱřŹŚƨưƷ� ƹ�ŽƺƫŚĭ@éç� >�ƾƫřŵřŹ� ƹ@éé� >Ƶŵřŵ�ƱŚƄƳ��ƶƧ�ƾƳŚƯŻ� ŶƳř

�ťŵŚů� ŚƷŵřŶųŹ� űźƳ� Źŵ� �ŚƴŞƯ� ŹřŶƤƯ� źŝřźŝ� ŹŚƸģ� Żř� źŤưƧ�ƾƄƿřżƟř
Ɩưū� ŹřŵƺưƳ� �ŵƺƃ�Ɩƿźſ� Ʊƺſřƺě� ƾƘưŬţ�ƶƗƺưŬƯ� ƁƹŹ� Żř� źţ��ŚƷ

                                                 
1�- Exponential CUSUM 
2�- Shiryayev-Roberts 
3�- Poisson CUSUM 
4�- Poisson EWMA 
5�- Binomial CUSUM 
6�- Binomial EWMA 
7�- Aggregation 
8�- Shewhart 

ƾƯ� ŹřŶƄƷ�Ƃǀŝ� ƾƄƿřżƟř� źĭř� ƶƧ�ƾƫŚů� Źŵ� �ŶƷŵ�řźŝ� ŹŚƸģ� Żř� źţ�źŝ
ƶƗƺưŬƯ�ƁƹŹ� �ŵƺƃ�ŵŚŬƿř� ŚƷŵřŶųŹ�űźƳ� Źŵ� �ŚƴŞƯ� ŹřŶƤƯ��źţřŹŚƧ� ŚƷ

ƾƯ�ƪưƗ�ŶƴƧ���ƽŹǇƹżƫŚƧ�ƹ�ŚǀūƺŝŹŚŝ@éæ�>ƶǀŞƃ�Żř�ƵŵŚƠŤſř�Śŝ��ƽŻŚſ
Ƶŵřŵ�ƱŚƄƳ�Ɩưū�ƁƹŹ�ƶƧ�ŶƳř�ƶƗƺưŬƯ�ƁƹŹ� Żř�Ʊƺſřƺě�ƾƘưŬţ��ŚƷ

�ƲÊģ�ƾƫƹ��Ţſř�źţřŹŚƧ@éè�>ƶŝ�ƽĥƺƫƹŶŤƯ�Ʊō�ƢǀƤŰţ�Źŵ�ƶŤƟŹ�ŹŚƧ��ŚƷ
Ƶŵźŝ�ƩřŒſ� źƿŻ� řŹŢſř�� ��ƲÊģ@éê� >ƾƯ� ŚƗŵř��ƎſƺŤƯ� źĭř� ƶƧ�ŶƴƧ

ƦģƺƧ��ƩŚſ�Źŵ�ŚƷŵřŶųŹ�ŵřŶƘţ��ƽƹŚƀƯ�Śƿ�źţê�ƪưƗ�ŢƗźſ��ŶƃŚŝ�
ƶƗƺưŬƯ�ƁƹŹ�Ɩưū�ŹřŵƺưƳ�Żř�źŤƄǀŝ�ŚƷ�ŵƺŝ�ŶƷřƺų�Ʊƺſřƺě�ƾƘưŬţ��

ƝǈŤųř��ƲÊģ�ŪƿŚŤƳ�Ʋǀŝ�ƽŚƷźƔƳ@éê�>�ƁƹŹ�ƶƀƿŚƤƯ�Źŵ�ƱřźĮƿŵ�ƹ
ƶƗƺưŬƯ�Ɩưū� ŹřŵƺưƳ� Śŝ� ŚƷ�Ţſř�ƲƨưƯ� �Ʊƺſřƺě�ƾƘưŬţ�ƪǀƫŵ� ƶŝ�

ŶƃŚŝ� ƶƫŐƀƯ� ƶŝ� ƱŚƄƿř� ƞƬŤŴƯ� ƽŚƷŵźƨƿƹŹ� ��ƁƹŹ� �ƲǀƴĤưƷ
ƶƗƺưŬƯ�ƁƹŹ� Śŝ� ŚƷ�Ɩưū� ƁƹŹ� ƱƺĤưƷ� ƽźĮƿŵ� ƽŚƷ��ƾƘưŬţ
� ƾſŶƴƷ@éë>Ɩưū� ƁƹŹ� ��� ƾƿŚưƳ� ƾƘưŬţ@èê>�ŻŚǀŤƯř� ƁƹŹ� �
� ƾƘưŬţ@çå� �èå� �éé� >� ƁƹŹ� ƹSHDA@�ì� �çç� �éì� >�ŵŹƺƯ

Ţſř�ƶŤƟźĭ�Źřźƣ�ƶƀƿŚƤƯ���
�ƩÊƹźǀÊƟ�ƹ�Ĭƿźĭ@éí�éî�>ŬƯ�ƁƹŹ�ŻřƶƗƺư��ƾūƹźų�ƂƿŚě�ƽřźŝ�ŚƷ

�ƾƿƹŵƹŵ�ŚƤŝ�ƹ�īźƯ��ƵŵźƧ�ƵŵŚƠŤſř�ƾůřźū�ƪưƗ�Ʊō�Żř�ƶŤŞƫř��ŶƳř��Śū
�ŶƷřƺų�šƹŚƠŤƯ� ŵźƟ� źƷ�ƽřźŝ�ŢƫŚů�Ʋƿř� Źŵ� ŚƷŵřŶųŹ�ƩŚưŤůř� ƶƧ

ƶƗƺưŬƯ�ƁƹŹ� �ŵƺŝ��ƦƀƿŹ� ƵŶƃ�ƪƿŶƘţ�ƽŚƷ�Risk Adjusted 

Sets Method� �Ƶŵřŵ�ƶƘſƺţ� řŹ�ŶƳř� ��ƁƹŹ� Śŝ� řŹ� ŵƺų�ƁƹŹ�ƱŚƄƿř
Ɩưū�ƾƘưŬţƪƿŶƘţ���ƦƀƿŹ� ƵŶƃ� Risk Adjusted CUSUM��

ƵŵźƧ�ŚƗŵř�ƹ�ƶƀƿŚƤƯ�ƁƹŹ�Ʋƿř�ƶƧ�ŶƳř�Ţſř�źŤƸŝ�ƽŵźƨƬưƗ�ƽřŹřŵ�����
ƁƹŹ� ŹŚƸģ� Żř� ƾƫŚưūř� ƾƟźƘƯ� źƿŻ� Źŵ��ƂƿŚě� ƽřźŝ� źƔƳŵŹƺƯ�

ŶƯŚƄǀě�Ʊō�ƶƀƿŚƤƯ�ƹ�śŚǀưƧ�ƽŚƷ�Ţſř�ƵŶƃ�ƶƿřŹř�ŚƷ���
��
æ�ç��ƶƗƺưŬƯ�ƁƹŹ�ŚƷ�Ö��

ŵřŻƺƳ�Żř�ƾƷƹźĭ�Żř�Ţſř�šŹŚŞƗ�ƶƗƺưŬƯ�Ʀƿ�ƶƬƇŚƟ�Źŵ�ƶƧ�ƮƫŚſ�Ʊř
ƵŶƃ� ŶƫƺŤƯ� ƽŵřŻŹŵŚƯ� ƽŹŚŬƴƷŚƳ� Śŝ� ÊŵřŻƺƳ� ƹŵ� Ŷƫƺţ� Ʋǀŝ�� ŶƳř@æî��>

ŶǀƴƧ�ƉźƟiXƱŚƄƳ�� ƵŻřŶƳř� ƵŶƴƷŵ�ƮŬů�iŶƃŚŝ� ƶƗƺưŬƯ� ƲǀƯńř��
��źĮƿŵ�šŹŚŞƗ�ƶŝiX�ƽŚƷŵřŶųŹ�Ʋǀŝ�ƽŚƷŶƫƺţ�ŵřŶƘţ�Śŝ�źŝřźŝ1i�

ƹiƶŝ����ƽřŻř,,, 321i��Ţſř���
�ƲƿřźŝŚƴŝ1X�2X��ƾſŶƴƷ�ƾƟŵŚƈţ�ƽŚƷźǀƜŤƯ� Żř�ƽźſ�Ʀƿ�

ƾƯ� ƪǀƨƄţ� řŹ�Ʊō� ƩŚưŤůř� ƖƿŻƺţ� ƖŝŚţ� ƶƧ� ŶƷŵ��źŝřźŝ� ŚƷ
Śŝxpp )( 1Ţſř�� �ƾţŹƺƇ� Źŵ�ŵřŶƘţ� ƶƧsn��ƾƫřƺŤƯ� ƶƗƺưŬƯ�

ƵŻřŶƳř�ƽřŹřŵ�ƮƧ�ƽř�ƶƳŚŤſōŶů�ŹřŶƤƯ�Żř�źţstƶƗƺưŬƯ�ƁƹŹ��ŶƃŚŝ���ŚƷ
ŵřŵ�ŶƷřƺų� ŹřŶƄƷ��žƿŶƳřsƱŚƿŚưƳ� ľřźƈŰƴƯ��ƶƗƺưŬƯ�ƁƹŹ� źĭ��ŚƷ

Ţſř������
ƾƳŚƯŻ� Źŵ�ƶƧiƾƯ� ƵŶƷŚƄƯ� ƽŵřŻŹŵŚƯ� ƽŹŚŬƴƷŚƳ� ƲǀƯńř�� �ŵƺƃiS�

ƶƗƺưŬƯ�ŵřŶƘţ�Śŝ�Ţſř�źŝřźŝ�ƵŻřŶƳř�ƽřŹřŵ�ƶƧ�ƾƫřƺŤƯ�ƽŚƷ�ƮƧ�ƽř��Żř�źţ
ƶƳŚŤſō�Ŷů�ŹřŶƤƯstŶƳŹřŵ���ƾƴƘƿ�                               ��

                                                 
9�- Sets Method 
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ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě��������������������řřƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ��ƾůŚŤƟ�ƲǀƄƟřźǀƯƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ�����������çéì��

  

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè  

00 S  

  ,,,,)( 3211 1   iISS
si tXii  

��
ƾƳŚƯŻ�ƶƧ�si nS ƶƗƺưŬƯ� ƁƹŹ� �ŶƃŚŝ��ƾƯ� ŹřŶƄƷ� ŚƷ�ŶƷŵ� �źĭř�

1snƶƗƺưŬƯ� ƁƹŹ� �ŶƃŚŝ���ƾſŶƴƷ� šŹŚƷƺƃ� ŹřŵƺưƳ� ƶŝ� ŚƷ
Ʀƿ�ƲǀƿŚě� ƩźŤƴƧ� Ŷů� Śŝ� �ƶƟźƏ

stLCL ƾƯ� ƪƿŶŞţ� ��� ŵƺƃ@êå��>
ƁƹŹ�ƶƧ�Ţſř� źƧŷ�ƶŝ� ƭŻǇƶƗƺưŬƯ���ƁƹŹ� Żř�ƅŚų�ŵŹƺƯ�Ʀƿ� ŚƷ

ƶƫŚŞƳŵ�ƲǀƳřƺƣ�ƂƿŚě��ŪǀÊě�Ǝſƺţ� ľǈŞƣ�ƶƧ�Ţſř� ŚƷ@êæ�>�ŦŰŝ�ŵŹƺƯ
ŵƺŝ�ƶŤƟźĭ�Źřźƣ����

 
ç�ç��ƁƹŹ�SHDA��

ƁƹŹ� ƽřźŝSHDAƽŚƷŵŚưƳ� �iX�tnƹ�tt�ƭƺƸƠƯ� ƱŚưƷ� Śŝ� �
ƶƗƺưŬƯ�ƁƹŹ�Źŵ�ŵƺūƺƯ�ƶŝ�ŚƷ�ƾƯ�ƶŤƟźĭ�ŹŚƧ�žƿŶƳř�ƶŤŞƫř� �ŶƳƺƃt�

ƱŚƿŚưƳ� ľřźƈŰƴƯ�ƁƹŹ�źĭSHDAŢſř�� �ƶŝ���ƁƹŹ�Ʋƿř�ƽřźūř�ŹƺƔƴƯ
ŵřŶƘţ� źĭřtnƵŻřŶƳř� ƽřŹřŵ� ƭřŶƧźƷ� �ƾƫřƺŤƯ� ƶƗƺưŬƯ��ƦģƺƧ�ƽř��źţ

ŻřttƾƯ� ƶŤƃřźƟř�ƾưģźě� �ŶƴƃŚŝ��� �šŹƺƇ�Ʋƿř� Źŵ� �ŵƺƃ�ŵřŶƘţ� źĭř
ƶƗƺưŬƯ� ƪƧ�ƶŝ� Ʈģźě� Ʋƿźųō� Żř� žě� ƶƧ� ƾƿŚƷ�ƵŶƯō� ŵƺūƹ���ŶƳř

ƦģƺƧ�ƶƳŚŤſō� Ŷů� ƽƹŚƀƯ� Śƿ� źţtuƁƹŹ� �ŶƃŚŝ�SHDA�ŹřŶƄƷ�
ŵřŵ�ŶƷřƺų���

ƾƳŚƯŻ�ƶƧi� �ŵƺƃ�ƵŶƷŚƄƯ�ƽŵřŻŹŵŚƯ�ƽŹŚŬƴƷŚƳ�ƲǀƯńřiD�Śŝ� źŝřźŝ� řŹ
ƺưŬƯ�ŵřŶƘţƶƗ�ƵŻřŶƳř�ƽřŹřŵ�ƶƧ�ŶƿźǀĮŝ�źƔƳŹŵ�ƾƫřƺŤƯ�ƽŚƷ�ƮƧ�ƽŚƷ��źţ

ŻřttŶƴŤƀƷ����ƲǀƴĤưƷiAƶƗƺưŬƯ�ƪƧ�ŵřŶƘţ�Śŝ�źŝřźŝ�řŹ���ƶƧ�ƾƿŚƷ
ƵŶƃ�ŵŚŬƿř�Ʈģźě�Ʋƿźųō�Żř�žě�ŶƿźǀĮŝ�źƔƳŹŵ��ŶƳř��ƮƿŹřŵ�ƲƿřźŝŚƴŝ����

��

00 D  
    ,,,,)( 3211

11   
iIIDD

titi tXnDii  

00 A  

  ,,,, 3211
11   

iIAA
ti nDii  

��

ƾƳŚƯŻ�ƶƧti nD ƹ
ti uA ƁƹŹ��Ţſř�SHDAƾƯ�ŹřŶƄƷ��ŶƷŵ��

ƵŶƳŹŚưƃ�ƹŵ�źƷiDƹiAƶŝ�ƕƹźƃ�źƠƇ�ŹřŶƤƯ�Śŝ��ƾƯ�ŹŚƧ��Źŵ�ƹ�ŶƴƴƧ
�ƾưģźě� ƶƧ� ŹŚŝ� źƷ� ƶŤƃřźƟř�� ŵƺƃ�ti nD ��źƠƇ� źŝřźŝ� ƵŹŚŝƹŵ� �

ƾƯ�ƶŤƟźĭ�źƔƳŹŵ�ŶƳƺƃ����
ƱŚưƷ�ƾƯ�ƶƔůǈƯ�ƶƧ�ŹƺƏ�ƽřźŝ�ŶƿŚŝ�ƽŹřŶƤƯ��ŵƺƃtn�ƶŤƟźĭ�źƔƳŹŵ�

� Żř�ŶƿŚŞƳ�ƶŤŞƫř�ƶƧ�ŵƺƃtuīŹżŝ��Ʋƿř�źǀƛ�Źŵ� �ŶƃŚŝ�źţ��šŹƺƇ��Ʋƿř�
řŶƄƷ�żĭźƷ�ŹřŵƺưƳŵřŵ�ŶƷřƺŴƳ�Ź��źĭřtt un ƁƹŹ��ŶƃŚŝ�SHDA�

ƾƯ�ŹřŶƄƷ�ƾţŹƺƇ�Źŵ�ƲǀŤƀŴƳ�ƶƧ�ŶƷŵtn��ƵŶƃ�ƵŶƷŚƄƯ�ƶƗƺưŬƯ�
ƵŻřŶƳř�ƮƧ�ƽř�Żř�źţttƲƿř�Śƿ� �ŶƴƃŚŝ�ƶŤƃřŵ���ƶƧ

tn2�ƾƫřƺŤƯ�ƶƗƺưŬƯ�
ƵŻřŶƳř� Śŝ�ƮƧ� ƾƿŚƷ�Żř� źţttŶƴƃŚŝ� ƵŶƃ� ƵŶƷŚƄƯ�� ���ƲƿřźŝŚƴŝ

ƾƳŚƯŻ�ƶƧtt un ƁƹŹ� �ŶƃŚŝ�SHDAƶƗƺưŬƯ�ƁƹŹ�ƩŵŚƘƯ� ���ŚƷ
Śŝts nn 2ŵƺŝ�ŶƷřƺų����

è�ç��ƾƘưŬţ�ŻŚǀŤƯř�ƁƹŹ�Î��
ƁƹŹ�Źŵ�ƽŚƷŵŚưƳ� �ƾƘưŬţ�ŻŚǀŤƯřiX�cnƹ�ct�ƭƺƸƠƯ�ƱŚưƷ�Śŝ� �

ƶƗƺưŬƯ�ƁƹŹ�Źŵ�ŵƺūƺƯ�ƶŝ�ŚƷ�ƾƯ�ƶŤƟźĭ�ŹŚƧ�žƿŶƳř�ƶŤŞƫř��ŶƳƺƃc�
ƱŚƿŚưƳ� ľřźƈŰƴƯ�Ţſř� ƾƘưŬţ� ŻŚǀŤƯř� ƁƹŹ� źĭ� ��ƵŻřŶƳř� źƷ� ƽřźŝ

� ƶƗƺưŬƯ�iX� �ƾƯ� ƶŤƟźĭ� źƔƳŹŵ� ƽŻŚǀŤƯř�ƶŝ� �ŵƺƃ�ƶƳƺĭ�ƽř��ƶƧ
źĭř

ci tX Śŝ� źŝřźŝ� ƱŻƹ� Ʋƿř� �ŶƃŚŝ�1)( iXg�źǀƛ� Źŵ� ƹ�
Ʋƿř�Śŝ� źŝřźŝ� �šŹƺƇ�1)( iXgŵƺŝ� ŶƷřƺų�� ��ƾƘưŬţ� ŻŚǀŤƯř
�iC��Śŝ�Ţſř�źŝřźŝ���

00 C  
,,,,))(,max( 3210 1   iXgCC iii

 

��
ƶƧ�ƾƳŚƯŻci nC ŵřŵ�ŶƷřƺų�ŹřŶƄƷ�ƾƘưŬţ�ŻŚǀŤƯř�ƁƹŹ��ŶƃŚŝ���

ƶƗƺưŬƯ�ƁƹŹ�ŶƴƳŚưƷ��ƶƧ�ƾţŹƺƇ�Źŵ��ŚƷ1cn�ƁƹŹ�Ʋƿř��ŶƃŚŝ�
ƲǀƿŚě�ƩźŤƴƧ�Ŷů�Śŝ�ƾſŶƴƷ�šŹŚƷƺƃ�ŹřŵƺưƳ�ƶŝ

ctLCL �ƪƿŶŞţ�
ƾƯ�ŵƺƃ���

��
é�ç��Ɩưū�ƁƹŹ�ƾƫƺƳźŝ�ƾƘưŬţ�Ï���

Ɩưū�ƁƹŹ�ƵŹŚƯō�ƶŝ�ƾƫƺƳźŝ�ƾƘưŬţŢſř�źƿŻ�šŹƺƇ�����
��

00 B  
,,,,),max( 3210 1   jYBB jjj   

��

ƶŝ�ƶƳƺĭ�Śŝ�Ţſř�źŝřźŝ�ƖūźƯ�ŹřŶƤƯ�ƶƧ�ƽř����
��

k

pp

pp

p

p

1

1
1

1
1

10

01

0

1


































)(

)(
log

log

��

��

ƾƫřƺŤƯ�ƩŚưŤůř�ŢŞƀƳ�ƱƺƯŻō�Źŵ�ƾƫƺƳźŝ�ƾƿŚưƴŤſŹŵ�ŢŞƀƳ�Żř�ƶƧÐ�
�Ŷƫřƹ�ƶŝ�śƺƀƴƯ@êè�>ƶŝ�ƾƯ�Ţſŵ�Ŷƿō���ƶƧ�ƾţŹƺƇ�ŹŵhB j ��ŶƃŚŝ

ŵřŵ�ŶƷřƺų�ŹřŶƄƷ�ƁƹŹ�Ʋƿř��ƁƹŹ�ƶưƷ��Ɩưū�ƁƹŹ�źŝ�ƾƴŤŞƯ�ƽŚƷ
�ŽŚſř�źŝ�ƾƘưŬţkƹhƾƯ�ƞǀƇƺţ���ƖŞƴƯ�Źŵ�ƪǀƌƠţ�ƶŝ�ƶƧ��ŶƳƺƃ
@ë�>Ţſř�ƵŶƃ�ŮƿźƄţ� ��ŽƺŞƯŚŤſř�ƹ�ŶƫƺƴƿŹ@çë�>�Śŝ� řŹ�ƁƹŹ�Ʋƿř

ƵŵźƧ�ƱŚǀŝ�ƪƯŚƧ�šŚǀŗżū�ŶƳř���
��

è���ƹ�ƾŝŚƿŻŹřƁƹŹ�ƶƀƿŚƤƯ�ŚƷ��
ƆųŚƃ� Żř�ƾƨƿ�ƁƹŹ�ƾŝŚƿŻŹř� Źŵ�ƾƬƇř�ƽŚƷ��ƽŹŚƯō�ƽŚƷ��ƶƬưū�Żř

ƩźŤƴƧ� ƽŚƷŹřŵƺưƳ�� �~ƶƫŚŞƳŵ� ƩƺƏ� ƎſƺŤƯnÑŢſř�� ��ƆųŚƃ� Ʋƿř

                                                 
1�- CUSCORE 
2�- Bernoulli CUSUM 
3�- Sequential probability ratio test 
4�- Average Run Length (ARL) 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               4 / 9

https://ijiepm.iust.ac.ir/article-1-733-en.html


çéí��������ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě������������ř����ř�����ƾůŚŤƟ�ƲǀƄƟřźǀƯƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ� 

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè��

ƾƯ�ƱŚƄƳ�ƶŝ� ÊƽŹŚƯō�ƁƹŹ�ƶƧ�ŶƷŵ��Ʀƿ�ƩźŤƴƧ�ƽřźŝ� ƵŶƃ�ƶŤƟźĭŹŚƧ
ƶŝ� �ŶƴƿōźƟ�ŶƷŚƄƯ� Ŷƴģ� ÊƱŵřŵ� ƱŚƄƳ� Żř� žě� ƎſƺŤƯ� ŹƺƏÇ�ŢŰţ�

ŶƷŚƄƯ�Ʀƿ��ƩźŤƴƧÇƧ�Żř�ũŹŚų�ŵřŵ�ŶƷřƺų�ƱŚƄƳ�řŹ�ƩźŤƴ����
ƁƹŹ�ƾƯ� Ƶŵřŵ� ƶƘſƺţ� ƝŶƷ� Ʋƿř� Śŝ� ƽŹŚƯō� ƽŚƷ��Żř� ƶƧ� ŶƳƺƃ

�źŝřźŝ� Źŵ� ƽŵŚƿŻ� ŢǀſŚƀů� ƹ� ŶƴƴƧ� żǀƷźě� ƾƷŚŞŤƃř� ƽŚƷŹřŶƄƷ
�Ţſř� ƭŻǇ� ŹƺƔƴƯ� ƲƿŶŝ� �ŶƴƃŚŝ� ƶŤƃřŵ� żǀƳ� ƾƟŵŚƈţźǀƛ� šřźǀǀƜţ

ƶŝ�ƽŹŚƯō�ƁƹŹ�źƷ�ƽŚƷźŤƯřŹŚě�ƶƳƺĭ��ƾţŹƺƇ�Źŵ�ƶƧ�ŶƳƺƃ�ƮǀƔƴţ�ƽř
ľŚƘƣřƹ� ŶƴƿōźƟ� ƶƧ�ƶƫŚŞƳŵ� ƩƺƏ� ƎſƺŤƯ� �Ţſř� ƩźŤƴƧ� ŢŰţ�

�)( 0pARL���ƩźŤƴƧ�Żř�ũŹŚų�ľŚƘƣřƹ�ŶƴƿōźƟ�ƶƧ�ƾƳŚƯŻ�ƹ�Ƶŵƺŝ�īŹżŝ
� ƶƫŚŞƳŵ� ƩƺƏ� ƎſƺŤƯ� �Ţſř�)( pARL� �ŶƃŚŝ� ƦģƺƧ� ��ľǇƺưƘƯ

ÊƩźŤƴƧ� Żř� ũŹŚų� ŹřŶƤƯpŻř� ƾŞƿźƋ� Ŝƀů� źŝ� řŹ�0p�ƂƿŚưƳ�
ƾƯ��ƮǀƷŵ�ƾƴƘƿ��

0pp ����
ƶŝ�ƶƗƺưŬƯ�ƁƹŹ�ŹŚƸģ�ƶƀƿŚƤƯ�ŹƺƔƴƯ���ƾƘưŬţ�ŻŚǀŤƯř��ŚƷSHDA�ƹ�

Ɩưū���ƶƫŚŞƳŵ� ƩƺƏ� ƎſƺŤƯ�ƆųŚƃ� Żř� ƵŵŚƠŤſř� Śŝ� ƾƫƺƳźŝ� ƾƘưŬţ
ŶƳƺƃ� ƞƿźƘţ� źƿŻ� ƽŚƷźŤƯřŹŚě� Ţſř� ƭŻǇ� ��Ʋƿř� ÊźŤƸŝ� ƥŹŵ� ƽřźŝ

Ʊō��ŚƷźŤƯřŹŚě�ų�ƽƹŚƧŵŹƺƯ�Ʀƿ�ƽřźŝ�řŹ�ŚƷ�ƅŚ��ÊŹŵŚƳ�ƽŚƷŵřŶųŹ�ľǈŨƯ
ƽŹŚŬƴƷŚƳ�ƽŵřŻŹŵŚƯ�ƽŚƷ��ƶŝ�ƾƯ�ƞƿźƘţ�źƿŻ�šŹƺƇ�ƮǀƴƧ����

0p� �� ŚƴŞƯ� űźƳ�Baseline Rate� ��Śŝ� ƾƿŚƷŶƫƺţ� ŵřŶųŹ� ƽřźŝ
ƽŵřŻŹŵŚƯ�ƽŹŚŬƴƷŚƳ��

� �ƽŚƴŞƯ� űźƳ� Żř� ŶƴƿōźƟ� źǀǀƜţ� ŹřŶƤƯ0p��Ƌ�Ŝƀů� źŝ�Żř�ƾŞƿź

0p���

0r� ��ŶƴƿōźƟ� ƶƧ�ƾƳŚƯŻ� �ŹřŶƄƷ�Ʀƿ� ƭǈƗř� Śţ� ŚƷŶƫƺţ� ŵřŶƘţ�ƎſƺŤƯ
�Ţſř�ƩźŤƴƧ�ŢŰţ�00 rpARL )(����

0m��ƽŹŚŬƴƷŚƳ�ŵřŶƘţ�ƎſƺŤƯ���ŹřŶƄƷ�Ʀƿ�ƭǈƗř�Śţ�ƽŵřŻŹŵŚƯ�ƽŚƷ
ƩźŤƴƧ�ŢŰţ�ŶƴƿōźƟ�ƶƧ�ƾƳŚƯŻ�Ţſř��000 rpm ����

Ʋƿř� ƽřźŝ��ƶƀƿŚƤƯ� ƮƷ� Śŝ� ƱřƺŤŝ� řŹ� źƔƳŵŹƺƯ� ƽŹŚƯō�ƁƹŹ� ŹŚƸģ� ƶƧ
ƪƣřŶů� ŵźƨƿƹŹ� Żř� �ŵźƧ�� źŨƧřŶůÊ�Minimax� �Ţſř� ƵŶƃ� ƵŵŚƠŤſř���

ƶŝ� ƁƹŹ� źƷ� �ŵźƨƿƹŹ� Ʋƿř� Żř� ƵŵŚƠŤſř� Śŝ�ƶƳƺĭ�ƾƯ� ƾůřźƏ� ƽř��ŵƺƃ
�ƶŝ� ƁƹŹ� źƷ� ƽŚƷźŤƯřŹŚě�ƶƳƺĭ�ƾƯ� ƮǀƔƴţ� ƽř�ŶƳƺƃ� �ƆųŚƃ� ƶƧ�
)( pARLƶŝ��ŵƺƃ�ƪƣřŶů��ƶƳƺĭ��ƶƧ�ƽř

00 rpARL )(ŶƃŚŝ����

Ʊō�Żř��Ţſř�źƧŷ�ƶŝ�ƭŻǇ�ƶŤŞƫř��źƔƳŵŹƺƯ�ƽŹŚƯō�ƁƹŹ�ŹŚƸģ�źƷ�ƶƧ�Śū
ƶƿŚě�ƶŤƀƀĭ�ƾƟŵŚƈţ�ƽŚƷźǀƜŤƯ�ŽŚſř�źŝ�ƵŶƃ�ƽŹřŸĭ�ƾưƳ��ŶƳř��Ʊřƺţ

ƶŝ� řŹ� ŚƷźŤƯřŹŚě�ƶƳƺĭ�� ƶƧ� ŵźƧ� ƮǀƔƴţ� ƽř)( 0pARL�ƶưƷ� ƽřźŝ�
Ʊō���ƱŚƨƯř�Ŷů� Śţ� ŵƺƃ�ƾƘſ�ŶƿŚŝ�ƾƫƹ� �ŶƃŚŝ� źŝřźŝ�ƮƷ� Śŝ� ľŚƤǀƣŵ� ŚƷ

ŶƴƃŚŝ�ƦƿŵżƳ�ƮƷ�ƶŝ�źƿŵŚƤƯ� ��ƩƹŶūæ�řŹ� ŚƷźŤƯřŹŚě�ƮǀƔƴţ�ŪƿŚŤƳ� �
ƾƯ�ƱŚƄƳ�ŶƷŵ���

ƶŝ�ŜǀƧźţ�ƲǀǀƘţ�ŹƺƔƴƯ��źƿŵŚƤƯ�Żř�ƾƠƬŤŴƯ�ƽŚƷ0p���ƹ�0m�ƶƧ�
� ƶŝ� ƦƿŵżƳ� ƽŹřŶƤƯ� ƶŝ� źŬƴƯ)( 0pARL� �ŶƳƺƃ�ìëåå�ŜǀƧźţ�

� Żř� ƞƬŤŴƯ0p� �� ƹ�0mƵŶƃ� ƶŤƟźĭ� źƔƳŹŵ��ŶƳř� �éå�Żř� ŵŹƺƯ�
ìëååƵŶƃ�śŚŴŤƳř�šŚǀŗżū�ŮƿźƄţ�ƽřźŝ��ŜǀƧźţ���ŶƳř���

ƶŝ�Ɨ� ƾŝŚƿŻŹř� ŹƺƔƴƯƶƴƯřŵ� ƽřźŝ� �ŹƺƧŸƯ� ƁƹŹ� ŹŚƸģ� ŵźƨƬư��Żř� ƽř
ÊšřźǀǀƜţ���875751251 ,/,...,/,/���)(ARL�ƽřźŝ�éå�ÊŜǀƧźţ�

ƵŶƃ� ƶŞſŚŰƯ� źƔƳŵŹƺƯ�ŶƳř� �� ƩƹřŶūç� Śţ�éƶǀŞƃ� ŪƿŚŤƳ� ���řŹ� ƽŻŚſ
ƾƯ�ƱŚƄƳ�ŶƷŵ��ƶǀŞƃ�Ʋƿř�Źŵ�ƽŻŚſ��Źŵ��ƾƫƺƳźŝ�ƾƘưŬţ�Ɩưū�ƁƹŹ�ŚƷ

�źƷéåƦģƺƧ�ƽřŹřŵ��ŵŹƺƯ���ƽřźŝ�ŹřŶƤƯ�Ʋƿźţ)(ARL�Ʋƿř��Ţſř�
ƱŚƄƳ� ƕƺƋƺƯ�ƾƯ��ƶŝ� ƾƫƺƳźŝ� ƾƘưŬţ� Ɩưū� ƁƹŹ� ƶƧ� ŶƷŵ��ŹƺƏ

�ŹřŶƄƷ�řŹ�ŶƴƿōźƟ�Źŵ�źǀǀƜţ�ŵƺūƹ��źĮƿŵ�ƁƹŹ�ƶſ�Żř�źţŵƹŻ�ƎſƺŤƯ
ƾƯ�ŶƷŵ����

�ŵŹƺƯ� Źŵ�ƩźŤƴƧ� Żř�ũŹŚų�ŢƫŚů�ƽřźŝ� řŹ� ƶƫŚŞƳŵ�ƩƺƏ�ƎſƺŤƯ� źĭř
ƁƹŹ�Ɩưū� ƽŚƷ�ŬţƶƗƺưŬƯ� �ƾƫƺƳźŝ� ƾƘư��ƹ� ƾƘưŬţ� ŻŚǀŤƯř� �ŚƷ

SHDAƶŝ��� Śŝ� Ŝǀţźţ)(bARL� �)(sARL� �)(cARL�ƹ
)(tARL� Źŵ� �ƮǀƷŵ� ƱŚƄƳ�èì� Żř� ŵŹƺƯ�éå�ƶƐŝřŹ� ŵŹƺƯ�
)()()()(  tscb ARLARLARLARL Ţſř� Źřźƣźŝ���

ŝ� ŹƺƧŸƯ�ƽƹŚƀƯŚƳ�ƶƧ�ƽŵŹƺƯ�ƶſƱō�ƽřź��ƶſ�ƶŝ� �ŢƀǀƳ�ơŵŚƇ� ŚƷ
ƶƗƺưŬƯ� ƁƹŹ�� ƹ� ƾƘưŬţ� ŻŚǀŤƯř� �ŚƷSHDA�ƾƯ� ƍƺŝźƯ�ŶƳƺƃ��

Ɩưū�ƁƹŹ� �ŵŹřƺƯ� ƶưƷ� Źŵ� �ƲƿřźŝŚƴŝ��ƁƹŹ� ƶſ� Żř� ƾƫƺƳźŝ� ƾƘưŬţ
ŵŹřŵ�ƽźŤƸŝ�ŵźƨƬưƗ�źĮƿŵ����

� ƽřźŝ� �źƔƳŵŹƺƯ� ƽŹŚƯō�ƁƹŹ� ŹŚƸģ� ƾŞƀƳ� ƽźţźŝéå�ŢŰţ� ÊŵŹƺƯ�
�ƩƹŶū�Źŵ��ƾſŹźŝêŢſř�ƵŶƃ�Ƶŵřŵ�ƱŚƄƳ����

��
ƩƹŶūæ�ţ�ƪƣřŶů�ŵźƨƿƹŹ�Żř�ƵŵŚƠŤſř�Śŝ�źƔƳŵŹƺƯ�ƽŹŚƯō�ƁƹŹ�ŹŚƸģ�ƽŚƷźŤƯřŹŚě�ƮǀƔƴ�ƾŝŚŴŤƳř�ŵŹƺƯ�ŹŚƸģ�ƽřźŝ�źŨƧřŶůÊÊ��

ƶƗƺưŬƯ�ƁƹŹ�ŚƷ� � ƁƹŹ��
SHDA 

�ŻŚǀŤƯř�ƁƹŹ
ƾƘưŬţ� �

Ɩưū�ƁƹŹ�ƾƘưŬţ��
ƾƫƺƳźŝ� �

ŵŹƺƯ� � 0p  0m sn� � st� � tn tu tt cn� � ct� � k� � h� �
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ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě��������������������řřƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ��ƾůŚŤƟ�ƲǀƄƟřźǀƯƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ�����������çéî��

  

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè  

ƩƹŶūç��ŹřŶƤƯ)( 0pARLŚŴŤƳř�ŵŹƺƯ�ŹŚƸģ�ƽřźŝ��źƔƳŵŹƺƯ�ƽŹŚƯō�ƁƹŹ�ŹŚƸģ�Źŵ�ƾŝ 
)( 0pARL 

ŵŹƺƯ� � 0p  0m 0r� �
�ƁƹŹ
ƶƗƺưŬƯ�ŚƷ� �

�ƁƹŹ
SHDA 

ŻŚǀŤƯř�ƁƹŹ��
ƾƘưŬţ� �

Ɩưū��ƾƘưŬţ
ƾƫƺƳźŝ� �

 
æç��
æè��
çí��
éå��

 
ååëå�å��
ååëå�å��
åååî�å��
åååç�å��

 
çê�æ��
çê�ç��
êå�è��
ìê�ê��

 
éåå��
èêå��
íêå��
èêå��

 
ëëëëì��
êíèèè��
îééééé��
æìêåååå��

 
ëëíéì��
êíééí��
îééêêç��
æìêæèçé��

 
ëëìëë��
êíèéç��
îéêíåè��
æìêææêî��

 
ëëìèæ��
êíéìæ��
îéêíéé��
æìêåìëê��

 
ëëììê��
êíêåç��
îéêîèé��
æìêæêæì��

��

ƩƹŶūè�ŹřŶƤƯ�)(ARLƾŝŚŴŤƳř�ŵŹƺƯ�ŹŚƸģ�ƽřźŝ��źƔƳŵŹƺƯ�ƽŹŚƯō�ƁƹŹ�ŹŚƸģ�Źŵ��
)(ARL 

ŵŹƺƯ� � 0p  0m 
�ƁƹŹ
ƶƗƺưŬƯ�ŚƷ� � �ƁƹŹSHDA 

�ŻŚǀŤƯř�ƁƹŹ
ƾƘưŬţ� �

Ɩưū��ƾƘưŬţ
ƾƫƺƳźŝ� �

 
æç��
æè��
çí��
éå��

 
ååëå�å��
ååëå�å��
åååî�å��
åååç�å��

 
çê�æ��
çê�ç��
êå�è��
ìê�ê��

 
éåå��
èêå��
íêå��
èêå��

 
åæ�æéíçè��
æè�æêéë��
îè�éêçë��
çê�ëéëë��

 
êç�æëçæì��
èí�æêìå��
íé�éëêé��
êë�ëëìë��

 
éì�ææçëå��
çê�æèëì��
åê�éæéé��
êî�ëèëí��

 
êå�ííèé��
êå�æåíí��
æê�èèìå��
éí�êéëå��

��

ƩƹŶūé�ŹřŶƤƯ�)(ARLƁƹŹ�ŹŚƸģ�Źŵ�ŵŹřƺƯ�ƽřźŝ��ƽŹŚƯōæèƹ�éåƶŝ���ƶƴƯřŵ�ƽřŻř�šřźǀǀƜţ�Żř�ƽř�Ŝƀůźŝ�Żř�ƾŞƿźƋ��0p���
)(ARL 

ŵŹƺƯ�� 0p  

�ƁƹŹ
ƶƗƺưŬƯ�ŚƷ��

ƁƹŹ��
SHDA 

�ŻŚǀŤƯř�ƁƹŹ
ƾƘưŬţ��

Ɩưū��ƾƘưŬţ
ƾƫƺƳźŝ� �

æè��
æè��
æè��
æè��
æè��
æè��
æè��
éå��
éå��
éå��
éå��
éå��
éå��
éå��

ååëå�å��
ååëå�å��
ååëå�å��
ååëå�å��
ååëå�å��
ååëå�å��
ååëå�å��
åååç�å 

åååç�å 

åååç�å 

åååç�å 

åååç�å 

åååç�å 

åååç�å 

ê�æ��
å�ç��
ê�ç��
å�è��
å�é 

å�ë��
å�í��
ê�æ��
å�ç��
ê�ç��
å�è��
å�é 

å�ë��
å�í��

îî�ëììè��
ëè�ççèç��
éë�ææëé��
ìí�ìëé��
èí�éêî��
ìê�çìç��
éë�çåå��
íí�çîìîíå��
æë�îîéíé��
ëî�éìæêî��
îí�çìéîé��
åé�æèèåæ��
æè�ëåæê��
ëê�èíîé 

æê�ëëíí��
çç�ççèç��
æî�æçåç��
ææ�íæé��
îë�êæå��
êç�èæé��
åì�çèè��
åê�çìîìèí��
êæ�îåçåê��
çë�éçíêë��
æé�çêéåî��
ìç�æçíéë��
çæ�ëçêí��
îå�éçéæ��

íë�êéêê��
éê�æîæå��
ìå�æåêè��
ìê�ìåë��
éì�éæí��
çæ�çèç��
åê�æèî��
éê�èæåìéè��
ìí�æåèîéè��
ëå�éíîîî��
îí�çíèíç��
êí�æèêèè��
æå�êíîé��
åæ�èëëë 

îî�éëåé��
éî�æêæì��
ëê�íéë��
ææ�êíæ��
íè�èêê��
èé�çåå��
êå�æèî��
éæ�çëíêìë��
éé�íçåêé��
ëè�èìèçç��
îê�çæëçç��
îé�æåìçë��
çè�êåîí��
ëé�èèçå 

��

ƩƹŶūê�ƁƹŹ�Żř�ƁƹŹ�źƷ�ƶƧ�ƽŵŹřƺƯ�ŵřŶƘţ��Ţſř�źţźŝ�źĮƿŵ�ƽŚƷ���
��ƁƹŹ�ƶƧ�ƾţŚƘƟŵ�ŵřŶƘţ

Ţſř�Ƶŵƺŝ�źţźŝ�ƁƹŹ�ƲǀƯŹŚƸģ�� �
��ƁƹŹ�ƶƧ�ƾţŚƘƟŵ�ŵřŶƘţ

Ţſř�Ƶŵƺŝ�źţźŝ�ƁƹŹ�ƲǀƯƺſ�� �
��ƁƹŹ�ƶƧ�ƾţŚƘƟŵ�ŵřŶƘţ
Ţſř�Ƶŵƺŝ�źţźŝ�ƁƹŹ�ƲǀƯƹŵ�� �

ƶƧ�ƾţŚƘƟŵ�ŵřŶƘţ�Ʋǀƫƹř��ƁƹŹ�
Ţſř�Ƶŵƺŝ�źţźŝ�ƁƹŹ�� �ƁƹŹ��

ì��èç��æ��å��ƶƗƺưŬƯ�ŚƷ� �
èæ��í��æ��å��SHDA� �
ç��å��èí��å��ƾƘưŬţ�ŻŚǀŤƯř� �
å��å��å��éå��Ɩưū�ƾƘưŬţ�ƾƫƺƳźŝ� �

��

ƪƨƃæźƔƳŵŹƺƯ�ƽŹŚƯō�ƁƹŹ�ŹŚƸģ���ƶŝ� řŹ��ƶƴƯřŵ�ƽřŻř��šřźǀǀƜţ�Żř�ƽř
�Ŝƀů�źŝ�Żř�ƾŞƿźƋ��0p��Ư�ƽřźŝ�ŵŹřƺæç��æè��çí�ƹ�éå�ƱŚƄƳ�

ƾƯ�ŶƷŵ����

ƪƨƃ� ƽŚƷŹřŵƺưƳ� ƾĭĦƿƹ� ƲƿźŤưƸƯæƶŝ� ƶƧ� Ţſř� Ʋƿř� ���ƶưƷ� ƽřŻř
Ɩưū�ƁƹŹ�ŵźƨƬưƗ� �ŵŹřƺƯ��źŤƸŝ�źĮƿŵ�ƁƹŹ�ƶſ�Żř�ƾƫƺƳźŝ�ƾƘưŬţ

Ţſř���
��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               6 / 9

https://ijiepm.iust.ac.ir/article-1-733-en.html


çêå��������ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě������������ř����ř�����ƾůŚŤƟ�ƲǀƄƟřźǀƯƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ� 

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè��

��

��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��
��

ƪƨƃæ�ƶŝ�ƽŹŚƯō�ƁƹŹ�ŹŚƸģ�ŵźƨƬưƗ�ƶƀƿŚƤƯ���ƞƬŤŴƯ�šřźǀǀƜţ�ƽřŻř�ƀů�źŝŜ�Żř�ƾŞƿźƋ��0p���ŵŹřƺƯ�ƽřźŝæç��æè��çí�ƹ�éå��
��

��
é��ŤƳ�ƹ�ŦŰŝǀƶŬ�ĭǀźƽ��

ƶŝ� �ƽĥƺƫƺƴƨţ� ƹ� ƭƺƬƗ� ŢƟźƄǀě� Śŝ��Żř� ƾųźŝ� ŮƐſ� �ŪƿŹŶţ
ƶƈŴƄƯ��Śţ��Ţſř�ƶŤƟŚƿ�ŵƺŞƸŝ�ƱŚƯŹŵ�ƹ�ŢƃřŶƸŝ�ƵŻƺů�Źŵ�ƾƠǀƧ�ƽŚƷ

ƶƈŴƄƯ�Ʋƿř�Żř�ƽŹŚǀƀŝ�ƶƧ�ƽŶů�ƶƈŴƄƯ�ƶŝ�ŚƷ��śŚǀưƧ�ƹ�ŹŵŚƳ�ƾƿŚƷ
ƵŶƃ�ƩŶŝ��ŶƳř�ƽŹŚŬƴƷŚƳ� Śŝ�ƾƿŚƷŶƫƺţ�űźƳ�ŶƴƳŚƯ��ƶƧ� �ƽŵřŻŹŵŚƯ�ƽŚƷ

ƶƘſƺţ�ƖƯřƺū�Źŵ�űźƳ�Ʋƿř�Ţſř�żǀģŚƳ�ŹŚǀƀŝ�ƶŤƟŚƿ� ����ƵŚĮƳ�Źŵ�ŶƿŚƃ
ƶƈŴƄƯ�Ʋǀƴģ��ŢƀŴƳ���ŶƴƃŚŝ�ƶŤƃřŶƳ�ƩźŤƴƧ�ƹ�ƂƿŚě�ƶŝ�ŻŚǀƳ�ƾƿŚƷ

ƁƹŹ� ƾƫƹ��ƱŚƄƳ� ƶƴǀƯŻ� Ʋƿř� Źŵ� ƵŶƃ� Ƶŵřŵ� ƶƘſƺţ� ƽŹŚƯō� ƽŚƷ
ƾƯ��ŶƴƷŵƶƈŴƄƯ�Ʋƿř�ƶƧ��ƱƺĭŚƳƺĭ�ƪƯřƺƗ�ŜŞſ�ƶŝ�żǀƳ�ƾƠǀƧ�ƽŚƷ
�ƾƟŵŚƈţźǀƛ� šŚƟřźŰƳř� �ƾƯ���ƵŶƃ� ũŹŚų� ƩźŤƴƧ� Żř� ŶƴƳřƺţ

ƽŹŚŬƴƷŚƳ�ŶƳƺƃ� ŜūƺƯ� řŹ� ƾƗŚưŤūř� ƹ� ƽŵźƟ� ƽŚƷ� �ƶŝ��ƽźǀĭŹŚƧ
ƁƹŹ� Ʋǀƴģ�Ʊō� ƶƘſƺţ� ƹ� ƽŹŚƯō� ƽŚƷ��Źŵ� źưŤƀƯ� ŵƺŞƸŝ� ƶƯŻǇ� �ŚƷ

ƶƘſƺţ�ŹƺƄƧ�źƷ�ƽřźŝ�ƱŚƯŹŵ�ƹ�ŢƃřŶƸŝ�ƵŻƺů�ŚůŹŵ�ƹ�ƶŤƟŚƿ�ƶƘſƺţ�Ʃ
Ţſř� ��

ƝƹźƘƯ�ƁƹŹ� Ʋƿźţ�ƶƘſƺţ� ƽŚƷ��ŹŚƸģ� �ƅƺƈų� Ʋƿř� Źŵ� ƵŶƃ� Ƶŵřŵ
�ƆųŚƃ� ŽŚſř� źŝ� ƶƧ� ŶƴŤƀƷ� ƶƫŚƤƯ� Ʋƿř� Źŵ� ƵŶƃ� ŭźƐƯ� ƁƹŹ

ƶǀŞƃ� ŪƿŚŤƳ� �ƶƫŚŞƳŵ� ƩƺƏ� ƎſƺŤƯ�ƽŻŚſ�šŹƺƇ� ÊƽŚƷ��Ʋƿř� Źŵ� ƶŤƟźĭ

ƁƹŹ��ŵŹřƺƯ�ŜƬƛř�Źŵ��ƶƫŚƤƯ�Ɩưū�ƽŚƷ�ƶƗƺưŬƯ��ƾƫƺƳźŝ�ƾƘưŬţ���ŚƷ
�ƹ�ƾƘưŬţ�ŻŚǀŤƯřSHDA�ƶŝ���ţ�Źŵ�ƾƫƹ��ŶƳŹřŵ�źŤƸŝ�ƽŵźƨƬưƗ�Ŝǀţź

Ɩưū�ƁƹŹ��ŵŹřƺƯ�ƶưƷ��ƶſ�Żř�źŤƸŝ�ƽŵźƨƬưƗ�ƽřŹřŵ�ƾƫƺƳźŝ�ƾƘưŬţ
Ţſř�źĮƿŵ�ƁƹŹ���

��
ƖūřźƯ��

[1] Arantes, A., Carvalho, E.D.S., Medeiros, E.A.S., 
Farhat,C.K., Mantese, O.C., "Use of Statistical 
Process Control Charts in the Epidemiological 
Surveillance of Nosocomial Infections", Revista de 
Saúde Pública, Vol. 37, No. 6, pp. 768-774, 2003. 

 
[2] Paris, P.T., McCulloch, P., Steger, A.C., Benjamin, 

I.S., Poloniecki, J.D., "Mortality Control Charts for 
Comparing Performance of Surgical Units: Validation 
Study using Hospital Mortality Data", British Medical 
Journal, pp. 326-786, 2003 

 
[3] Solodky, C., Chen, H., Jones, P.K., Katcher, W., 

Neuhauser, D., "Patients as Partners in Clinical 
Research: a Proposal for Applying Quality 
Improvement Methods to patient Care", Medical Care, 
Vol. 36(Suppl.), pp.13�20, 1998. 

SHDA 
ƶƗƺưŬƯ�ŚƷ��

ƾƘưŬţ�ŻŚǀŤƯř��
Ɩưū�ƾƫƺƳźŝ�ƾƘưŬţ��

ŵŹƺƯæç���00600 /p��4000 m ŵŹƺƯæè��006/00 p��3500 m 

ŵŹƺƯçí��000900 /p��8500 m ŵŹƺƯéå���000200 /p���3500 m 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               7 / 9

https://ijiepm.iust.ac.ir/article-1-733-en.html


ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě��������������������řřƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ��ƾůŚŤƟ�ƲǀƄƟřźǀƯƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ�����������çêæ��

  

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè  

[4] Hebert, C., Neuhauser, D., "Improving Hypertension 
Care with Patient-Generated Run Charts: Physician, 
Patient, and Management perspectives", Quality 
Management Health Care, Vol. 13, pp. 174�7, 2004. 

 
[5] Solodky, C., Chen, H., Jones, P.K., Katcher, W., 

Neuhauser, D., "Patients as Partners in Clinical 
Research: a Proposal for Applying Quality 
Improvement Methods to Patient Care", Medical Care, 
Vol. 36(Suppl.), pp. 13�20, 1998. 

 
[6] Montgomery, D.C., "Introduction to Statistical Quality 

Control", 5th ed. Wiley: New York, 2005. 
 
[7] Sitter, R.R., Hanrahan, L.P., DeMets, D., Anderson, 

H.A., "A Monitoring System to Detect Increased Rates 
of Cancer Incidence", American Journal of 
Epidemiology, Vol. 132, pp. 123�130, 1990. 

 
[8] Leandro, G., Rolando, N., Gallus, G., Rolles, K., 

Burroughs, A.K., "Monitoring Surgical and Medical 
Outcomes: the Bernoulli Cumulative SUM Chart, A 
Novel Application to Assess Clinical Interventions", 
Postgraduate Medical Journal, Vol. 81, pp. 647�652, 
2005. 

 
[9] Hill, G.B., Spicer, C.C., Weatherall, J.A.C., "The 

Computer Surveillance of Congenital Malformations", 
British Medical Bulletin, Vol. 24, pp. 215�218, 1968. 

 
[10] Bjerkedal, T., Bakketeig, L.S., "Surveillance of 

Congenital Malformations and Other Conditions of 
the Newborn" International Journal of Epidemiology, 
Vol. 4, pp. 31�36, 1975. 

 
[11] Weatherall, J.A.C., Haskey, J.C., "Surveillance of 

Malformations", British Medical Bulletin, Vol. 32, pp. 
39�44, 1976. 

 
[12] Sonesson, C., Bock, D., "A Review and Discussion of 

Prospective Statistical Surveillance in Public Health", 
Journal of the Royal Statistical Society, Series A, Vol. 
166, pp. 5�21, 2003. 

 
[13] Woodall, W.H., "The use of Control Charts in Health-

Care and Public-Health Surveillance (with 
Discussion)", Journal of Quality Technology, Vol. 38, 
pp. 89�104, 2006. 

 
[14] Fris´en, M., Sonesson, C., "Optimal surveillance. In 

Spatial and Syndromic Surveillance for Public 
Health", Lawson AB, Kleinman K (eds). Wiley: New 
York, NY, pp. 31�52, 2005. 

 
[15] Fris´en, M., "Statistical Surveillance: Optimality and 

Methods", International Statistical Review, Vol. 71, 
pp. 403�434, 2003. 

 
[16] Fris´en, M., "Evaluation of Methods for Statistical 

Surveillance", Statistics in Medicine, Vol. 11, pp. 
1489�1502, 1992. 

 
[17] Barbujani, G., "A Review of Statistical Methods for 

Continuous Monitoring of Malformation Frequencies" 
European Journal of Epidemiology, Vol. 3, pp. 67�77, 
1987. 

[18] Lie, R.T., Stein, E.V., Botting, B., Skjaerven, R., 
"Statistical Methods for Surveillance of Congenital 
Malformations: When do the Data indicate a True 
Shift in the Rsk that an Infant is Affected by Some 
Type of Malformation?", International Journal of Risk 
and Safety in Medicine, Vol. 2, pp. 289�300, 1991. 

 
[19] Chen, R., "A Surveillance System for Congenital 

Malformations", Journal of the American Statistical 
Association, Vol. 73, pp. 323�327, 1978. 

 
[20] Wolter, C., "Monitoring Intervals Between Rare 

Events: a Cumulative Score Procedure Compared 
with Rina Chen�s Sets Technique", Methods of 
Information in Medicine, Vol. 26, pp. 215�219, 1987. 

 
[21] Munford, A.G., "A Control Chart Based on 

Cumulative Scores", Applied Statistics, Vol. 29, pp. 
252�258, 1980. 

 
[21] Sitter, R., Hanrahan, L.P., Anderson, L.P., DeMets, 

D., "The Authors� Reply", American Journal of 
Epidemiology, Vol. 134, pp. 917�919, 1991. 

 
[22] Sego, L.H., Woodall, W.H., Reynolds, Jr, M.R., "A 

Comparison of Surveillance Methods for Small 
Incidence Rates", Statistics in Medicine, Vol. 27, No. 
8, pp. 1225-1247, 2008. 

 
[23] Page, E.S., "Continuous Inspection Schemes", 

Biometrika, Vol. 41, pp. 100�114, 1954. 
 
[24] Reynolds, Jr M.R., Stoumbos, Z.G., "A CUSUM Chart 

for Monitoring a Proportion When Inspecting 
Continuously", Journal of Quality Technology, Vol. 
31, pp. 87�108, 1999. 

 
[25] Reynolds, Jr M.R., Stoumbos, Z.G., "A General 

Approach to Modeling CUSUM Charts for a 
Proportion", IIE Transactions, Vol. 32, pp. 515�535, 
2000. 

 
[26] Lorden G., "Procedures for reacting to a change in 

distribution", Annals of Mathematical Statistics, Vol. 
42, pp. 1897�1908, 1971. 

 
[27] Moustakides, G.V., "Optimal Stopping Times for 

Detecting Changes in Distributions", Annals of 
Statistics, Vol. 14, pp. 1379�1387, 1986. 

 
[28] Jensen, W.A., Jones-Farmer, L.A., Champ, C.W., 

Woodall, W.H., "Effects of Parameter Estimation on 
Control Chart Properties: a Literature Review", 
Journal of Quality Technology, Vol. 38, pp.349�364, 
2006. 

 
[29] Chen, R., Connelly, R.R., Mantel, N., "The Efficiency 

of the Sets and the Cuscore Techniques Under Biased 
Baseline Rates", Statistics in Medicine, Vol. 16, pp. 
1401�1411, 1997. 

 
[30] Bourke, P.D., "Detecting a Shift in Fraction 

Nonconforming Using Run-Length Control Charts 
with 100% Inspection", Journal of Quality 
Technology, Vol. 23, pp. 225�238, 1991. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

                               8 / 9

https://ijiepm.iust.ac.ir/article-1-733-en.html


çêç��������ŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚěŢƃřŶƸŝ�ƵŻƺů�Źŵ�śŚǀưƧ�ƽŚƷŶƯŚƄǀě�ƽŹŚƯō�ƂƿŚě������������ř����ř�����ƾůŚŤƟ�ƲǀƄƟřźǀƯƾƨƷƺƧƹŵ�Ĭƴƃźě��ŌŚƴƀƫřŹƺƳ�ƩƺſŹ�ƹ�ƾƳŚųŚŝŚŝ�ŵƺƘƀƯ� 

���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳ���Ŷǀƫƺţ�ŢƿźƿŶƯ�ƹ�ƖƿŚƴƇ�ƾſŶƴƸƯ�ƾƬƬưƫř�Ʋǀŝ�ƶƿźƄƳżºººǀƿŚěżºººǀƿŚě��æèîåæèîå���ŶƬū��ŶƬū�çççç���ƵŹŚưƃ��ƵŹŚưƃ�èè��

[31] Bourke, P.D., "The Geometric CUSUM Chart with 
Sampling Inspection for Monitoring Fraction 
Defective", Journal of Applied Statistics, Vol. 28, pp. 
951�972, 2001. 

 
[32] Lucas, J.M., "Counted Data Cusums", Technometrics, 

Vol. 27, pp. 129�144, 1985. 
 
[33] Gan, F.F., "Design of Optimal Exponential CUSUM 

Control Charts", Journal of Quality Technology, Vol. 
26, pp. 109�124, 1994. 

 
[34] Mathers, C.D., Harris, R.S., Lancaster, P.A.L., "A 

Cusum Scheme Based on the Exponential Distribution 
for Surveillance of Rare Congenital Malformations", 
Australian Journal of Statistics, Vol. 36, pp. 21�30, 
1994. 

 
[35] Kenett, R.S., Pollak, M., "Data-Analytic Aspects of the 

Shiryayev�Roberts Control Chart: Surveillance of a 
Nonhomogeneous Poisson Process", Journal of 
Applied Statistics, Vol. 23, pp.125�137, 1996. 

 
[36] Ewan, W.D., Kemp, K.W., "Sampling Inspection of 

Continuous Processes with no Autocorrelation 
Between Successive Results", Biometrika, Vol. 47, pp. 
363�380, 1960. 

 
[37] Borror, C.N., Champ, C.W., Rigdon, S.E., "Poisson 

EWMA Control Charts", Journal of Quality 
Technology, Vol. 30, pp. 352�361, 1998. 

 
[38] Gan, F.F., "Monitoring Observations Generated from 

a Binomial Distribution Using Modified Exponentially 
Weighted Moving Average Control Chart", Journal of 
Statistical Computation and Simulation, Vol. 37, pp. 
45�60, 1990. 

 
[39] Woodall, W.H., "Control Charts Based on Attribute 

Data: Bibliography and Review", Journal of Quality 
Technology, Vol. 29, pp. 172�182, 1997. 

 
[40] Barbujani, G., Calzolari, E., "Comparison of Two 

Statistical Techniques for the Surveillance of Birth 
Defects Through a Monte Carlo Simulation", Statistics 
in Medicine, Vol. 3, pp. 239�247, 1984. 

 
[41] Gallus, G., Mandelli, C., Marchi, M., Radaelli, G., "On 

Surveillance Methods for Congenital Malformations", 
Statistics in Medicine, Vol. 5, pp. 565�571, 1986. 

 
[42] Chen, R., "The Relative Efficiency of the Sets and the 

CUSUM Techniques in Monitoring the Occurrence of 
a Rare Event", Statistics in Medicine, Vol. 6, pp. 517�
525. 

 
[43] Radaelli, G., "Using the Cuscore Technique in the 

Surveillance of Rare Health Events", Journal of 
Applied Statistics, Vol. 19, pp. 75�81, 1992. 

��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

ie
pm

.iu
st

.a
c.

ir
 o

n 
20

25
-1

2-
21

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://ijiepm.iust.ac.ir/article-1-733-en.html
http://www.tcpdf.org

