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¶Gº�À¾¸M¼ßÏ�¼$³^Àl»$ÁÇ¸BÐ¾Â�Á9¼`³qÎ'Á9º°¼$»$µ�¶G¸Bº+»`¼dÁ9ºo»`Å�³�¼$Á9·BÏ\»`¸¿Á9º_ï9¼`¸Bº�Î'³�¼`¸B½9º�¸ÉÞÍÎI¶Gº+»ÌÂ�µ`ÁGÃ°¶6Ã°¸M·B¸¿»`¸¿³^¼í¶6µ`³)¶G¼`¼�¸¿½9º\³^À
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Æ~³I³^º!»`Å�³l¼`»$µ`³^º\½G»`Å�ÁGÖN»`Å�³�×lØÍÙ;Ú�Û6Ù;ÚÌ¶G¼`¼`Ï�ÐoÂ°»`¸¿Á9º�¼�¶6Ã�Á9Ï�»�»`Å�³l¼`Á9·BÏ\»`¸¿Á9º�¶Gº�Àè»`Å\³oÎI·¿Á9¼$³^º�³^¼`¼
ÁGÖí»`Å\³�¼$Á9·BÏ\»`¸BÁ9ºÒ»$Áo»`Å\³�À�¶6»`¶�Ó~ê�ÁGµ�³'Õ�¶GÐ¾Â°·¿³Gï�¶G¼�º\Á9¸M¼$³rð�À\³I½Gµ`³I³�ÁGÖÌÏ�º�Î'³Iµ�»`¶G¸Bº@»
Ä\âk¸Mº�Î'µ`³^¶G¼$³^¼Iï\»`Å�³^º 	
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ì4»o¸B¼Ç»$Á�Ã�³gÁGÃ°¼$³Iµ`´G³^À »`Å�¶6»�� ¶Gº�À�	 ¶6µ`³�¸Bº+´G³Iµ�¼$³^·¿Ä�Î'ÁGµ`µ`³^·B¶6»$³^ÀVá�µ`³^À�Ï�ÎI¸Mº\½1� ð�¸Bº°Î'µ`³^¶G¼`¸Bº\½2�¹â
¸B¼R³^æ+Ï°¸¿´v¶G·B³^º@»�»$Á�¸Bº�Î'µ`³^¶G¼`¸Mº\½ 	�»$ÁÒÁGÃ�»`¶G¸Bº�¼`Ð¾Á+ÁG»`Å\³Iµ ¼$³I½9Ð¾³^º@»�Î'Á9º+»$Á9Ï\µ�¼7Æ)Å°¸B·¿³Ç·B¶6µ�½G³Iµ7À�³I»`¶G¸B·B¼7¶6µ`³
·¿Á9¼$»Iï ¶Gº�À ´1¸BÎ'³!´G³Iµ/¼`¶ �43 �PÓ � Å\³^º 	 . 8�ï � æ1Ï�¶6»`¸¿Á9º ð;?9âÒ¸B¼�³^æ1Ï�¸¿´6¶G·¿³^º+»g»$Á ¶Gº ç <ÑÎI·B¶G¼`¼�¸ÉÞ°³Iµ
¸¿½9º\ÁGµ/¸Bº\½rÎ'Á9º+»$³'Õ1»`Ï°¶G·í¸Mº\ÖXÁGµ/Ð¾¶6»`¸¿Á9ºVÓ�ìFº ��?-�Pï�¸B»R¸B¼)µ`³^Ð¾¶6µ`ÊG³^Àè»`Å�¶6»�»`Å\³Ç³'Õ\¶GÎ'»7´v¶G·MÏ\³ÇÁGÖ 	�¸B¼RÏ�¼`Ï�¶G·M·¿Ä
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ÐoÁ�À\³^·��435�PÓ43RÁ2Æk³I´G³Iµ^ïÍ¸MºgÐr¶Gº@ÄgÂ�µ�¶GÎ'»`¸BÎI¶G·V¶6Â°Â°·B¸BÎI¶6»`¸¿Á9º°¼Iï 	�¸B¼qÊG³IÂ�»�Î'Á9º�¼$»`¶Gº+»%�435�Pï ��?-�Pï ���*���_Ã�³^ÎI¶GÏ�¼$³
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´1¸



Æ)Å�¸MÎ�Åo¶6µ`³�½G³^º�³Iµ�¶G·B·¿Ä�¸BÐ¾¶6½G³)À\³IÂ�³^º�À�³^º@» ���*�-�PÓÌì4ÖÍ»`Å�³ �®È Ý ¼$»$Á�Î�Å�¶G¼$»`¸MÎtÂ�µ`Á�Î'³^¼`¼ $^Â=ðXÕ°â�)R¸B¼d»$ÁÇ¼`Ï\Â�Â�ÁGµ`»
¼$Â�³^ÎI¸B¶G·)ÖX³^¶6»`Ï\µ�³^¼g¼�Ï�Î�Å ¶G¼g»`Å�¸Bº�·M¸Bº\³^¼Iïq»`Å\³^º Â°¶G¸¿µ`ÆR¸B¼$³i¸Bº+»$³Iµ�¶GÎ'»`¸¿Á9º ÐoÁ�À\³^·B¼�À\Á�º\ÁG»Ò¼`Ï � Î'³Gï)¶Gº�À
¼`ÐoÁ1ÁG»`Å�¸Bº�½|Â°¶6µ/¶GÐo³I»$³Iµ�¼ 	¹¼Iï�¶G¼kÆk³^·B·�¶G¼~»`Å�³7º�³^¸¿½9Å@Ã�ÁGµ�Å�Á+Á�Àr¼`¸BóI³Gï�Ð�Ï�¼$»qÃ�³R¶GÀ°¶6Â�»$³^À�À\³IÂ�³^º�À�¸Bº�½�Á9º
»`Å\³�»
Ä+Â�³ ÁGÖß¼`Î'³^º\³|¶Gº�ÀVï\Â�Á9¼`¼`¸¿ÃÍ·¿ÄGï+Á9ºm·¿Á1ÎI¶G·¹¸BÐ¾¶6½G³ Â�µ`ÁGÂ�³Iµ`»`¸B³^¼���T��Pï1��?5�Pï1���(�$�PÓ
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¸Bº+»$³Iµ`Â°¸ÉÕ�³^·=ÖX³^¶6»`Ï\µ�³¾Î'ÁGµ`µ`³^·B¶6»`¸¿Á9º�½9¸B´G³^º!»`Å\³oÏ�º�À\³Iµ/·¿Ä1¸Mº\½�ÎI·B¶G¼�¼$³^¼ ¶Gº�À!¸Bº+»$³Iµ`Â°¸ÉÕ�³^·íÎI·B¶G¼`¼ À\³IÂ�³^º�À\³^º°Î'Ä
���$)*�kð�¼`³I³�²1³^Î'»`¸¿Á9º�¼S��¶Gº�ÀV�9â/Ó � æ+Ï°¶6»`¸¿Á9º	ð;?9âq¸B¼)ÐoÁ1À°¸ÉÞ°³^ÀÒ¶G¼tÖaÁ9·B·¿Á2ÆR¼
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Æ)Å\³Iµ�³g»`Å�³iÐoÁ1À�³^·qÖXÁGµrÎ'Á9º°À�¸¿»`¸¿Á9º�¶G·qÀ\³^º°¼`¸¿»åÄ ða³Iµ`µ`ÁGµ¾»$³Iµ/Ð�â|³^ÐoÂ°·¿Á®Ä1¼r¶!¼`·¿Á2ÆR·¿Ä	´6¶6µ`Ä�¸Bº\½!¸Bº+»$³^º�¼`¸¿»
Ä
Ö�Ï�º�Î'»`¸¿Á9º 7��� N ðC:6�åâ�³^¼$»`¸MÐ¾¶6»$³^À ¶G¼�»`Å\³m¶2´G³Iµ�¶6½G³�ÁGÖ »`Å\³m½Gµ/¶^Ä ·¿³I´G³^·B¼rÁGÖ�¶G·B·tÂ°¸¿Õ1³^·B¼¾»`Å�¶6»�ÎIÏ\µ�µ`³^º@»`·BÄ
Ã�³^·¿Á9º\½è»$Á�µ`³I½9¸¿Á9º »åÄ1Â�³!:+�R¶Gº�À Ö�¶G·B·q¸Bº�¼`¸MÀ\³r¶èÆ)¸Bº�À�Á2Æ��	�)Æ)Å°¸BÎ�Å ¸B¼lÎ'³^º@»$³Iµ�³^À�Á9º Â°¸ÉÕ�³^·��`Ó�Ô�Å\³
Æ)¸Bº°À\Á2Æ�¼�¸¿óI³RÀ\³^Î'µ�³^¶G¼$³^¼~Ð¾Á9º\ÁG»$Á9º�¸BÎI¶G·B·BÄl¶G¼N»`Å\³R¶G·B½GÁGµ�¸¿»`Å�Ð ¶6Â�Â�µ`Á9¶GÎ/Å\³^¼~Î'Á9º+´G³Iµ`½G³^º�Î'³7»$Á|½9Ï�¶6µ�¶Gº+»$³I³
µ`ÁGÃ°Ï°¼$»t³^¼$»`¸BÐ¾¶6»`¸BÁ9ºiÁGÖß¸Bº+»$³^º�¼`¸¿»
ÄgÖ�Ï�º�Î'»`¸BÁ9º�¼t¶G¼)»`Å�³Ç¼$³I½9Ðo³^º+»`¶6»`¸¿Á9ºVï�Æ)Å�¸BÎ/Åi¸B¼
 $Î'µ/Ï�À\³#"¾¸Bºi»`Å\³�³^¶6µ�·¿Ä
¼$»`¶6½G³^¼RÁGÖ=»`Å�³Ç¶G·¿½GÁGµ�¸¿»`Å°Ð�ï\Ã�³^Î'Á9Ðo³^¼tÂ�µ`ÁG½Gµ�³^¼`¼`¸¿´G³^·¿ÄÒÐoÁGµ`³|¼$³^º�¼`¸¿»`¸B´G³�»$Á�·¿Á1ÎI¶G·¹¸BÐ¾¶6½G³�Â�µ�ÁGÂ�³Iµ�»`¸¿³^¼��43 �PÓ
� Å\³^º!»`Å\³¾º1Ï�Ð|Ã�³Iµ7ÁGÖqÂ°¸ÉÕ�³^·B¼�ÁGÖk»åÄ1Â�³ : � ÆR¸¿»`Å�¸Bº]Æ)¸Bº�À�Á2Æ	� � ¸B¼ ·¿³^¼`¼7»`Å°¶Gº�ÁGµ�³^æ+Ï°¶G·ß»$Á�Æ)¸Bº�À�Á2Æ
Æ)¸BÀ�»`Å
�	� � � ï1»`Å\³^ºg³^¼$»`¸BÐr¶6»$³ 7��� N ðC:6�åâN¸B¼qº\ÁG»kÎ'Á9º°¼`¸BÀ\³Iµ`³^À�µ`³^·B¸M¶6Ã°·¿³)¶Gº�ÀgÂ°¸¿Õ1³^·+�ßÎI¶Gº�º\ÁG»qÃ�³�¶G¼`¼�¸¿½9º\³^À
»$ÁÒµ`³I½9¸¿Á9ºè»åÄ1Â�³�:6�4ÓÇÔ�Å1Ï�¼Iï�¸B¼$Á9·B¶6»$³^Àèµ`³I½9¸¿Á9º°¼RÆR¸¿»`Å]¶6µ�³^¶�¼`Ð¾¶G·B·¿³Iµ�»`Å�¶Gº��	� � � ¶6µ`³lµ`³^ÐoÁ®´G³^À�Ã+Ä]»`Å\³
ÎI·BÏ�¼`»$³Iµ�¸Bº\½g¶G·¿½GÁGµ�¸¿»`Å�ÐiÓ�0R¼ ¼`Å�Á2Æ)º�¸Bº �43 �PïV»`Å\³oº\³IÆ�¼$Â�³^Î'»$µ�¶G·ßÐoÁ�À\³^·=ÁGÖN»`Å\³l³Iµ`µ�ÁGµ�»$³Iµ/ÐëÂ�µ`ÁGÂ�Á9¼$³^À
¸Bº � æ+Ï°¶6»`¸¿Á9º�ð ��8@âÇÐ¾¶6ÊG³^¼|Ë 0)õÑÐoÁGµ`³¾µ�ÁGÃ°Ï�¼$»�»`Å°¶Gº�»$µ�¶GÀ�¸B»`¸¿Á9º�¶G·dñ/ÈåÐo³^¶Gº�¼|ÎI·BÏ�¼$»$³Iµ/¸Bº\½i¶G·¿½GÁGµ�¸B»`Å�Ð¾¼
¸Bº�»`Å�³ÇÎ�Å\Á9¸MÎ'³ÇÁGÖß»`Å\³Çº1Ï�Ð|Ã�³Iµ�ÁGÖdÎI·BÏ�¼$»$³Iµ/¼S���#?��Pï°Ã�³^ÎI¶GÏ�¼`³�µ`³I½9¸¿Á9º�¼)ÁGÖÌ³^º@»`¸¿µ�³^·¿Ä�À�¸�6�³Iµ`³^º@»R¸Bº@»$³^º°¼`¸¿»`¸¿³^¼
ÎI¶GºiÃ�³^·¿Á9º�½�»$Ár»`Å\³Ç¼`¶GÐo³|ÎI¶6»$³I½GÁGµ`ÄGï�¶G¼)·¿Á9º\½¾¶G¼�»`Å�³IÄg¶6µ`³|¼$³IÂ°¶6µ�¶6»$³^À]¸Bº�¼$Â°¶GÎ'³GÓ

ìFº � æ+Ï�¶6»`¸BÁ9º ð ��8@â/ï)ËÌ¶6Â�Â°¶G¼g¶G·B¼$Á!Þ°Õ1³^¼ 
kðC:+�Pâ . 8 & #Q:+� " $O�'&`ñ-)9ï)¸ Ó ³GÓ¿ï�¶G·B·�Â°¸ÉÕ�³^·�¼$»`¶6»$³^¼Ò¶6µ`³
¶G¼`¼`Ï°Ðo³^À�»$Á�Ã�³i³^æ1Ï�¶G·B·¿Ä ·B¸¿ÊG³^·¿ÄGïq¶Gº�À�³^Ð¾Â°·¿Á2Ä�¼¾¶�Î'Á9º°¼$»`¶Gº@» 	 . 8 2 ,�ÖXÁGµr¶G·M·�¸¿»$³Iµ�¶6»`¸¿Á9º°¼¾¶Gº�À�ÖaÁGµ
¶Gº+Äè¸BÐr¶6½G³GÓ��7¸BÎ'³l´G³Iµ�¼`¶�ïíÎ'Á+³ � ÎI¸B³^º@» �íïVÆ)Å�¸BÎ/Åè¸M¼ ¸Bº@´G³Iµ/¼$³^·¿Äiµ`³^·M¶6»$³^À!»$Áiº\Á9¸B¼$³l´6¶6µ�¸B¶Gº�Î'³Gï_¸M¼R³^¸B»`Å\³Iµ
Ï�¼$³Iµ`ÈåÀ\³'ÞÍº\³^ÀlÁGµk¶G¼`¼$³^¼`¼$³^À�Öaµ`Á9Ð�»`Å\³)¸MÐ¾¶6½G³�ÁGÖ_¸Bº+»$³Iµ`³^¼$»d»$Á|Î'Á9º@»$µ`Á9·Í»`Å\³)¶GÐ¾Á9Ï�º@»~ÁGÖVÀ\³I»`¶G¸B·B¼dÀ�³I»$³^Î'»$³^À
Ã1Ä�»`Å\³|¶G·¿½GÁGµ�¸¿»`Å�Ð ðaÆRÅ�¸BÎ�Åm¸Bº�Î'µ`³^¶G¼$³^¼)¶G¼ ��¸Mº�Î'µ`³^¶G¼$³^¼/â/Ó~Ô�Å\³^ºVï � æ1Ï�¶6»`¸¿Á9º�ð ��8@âqÃ�³^Î'Á9Ðo³^¼
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Æ)Å\³Iµ�³ �è¸B¼�¶lÖaµ`³I³�ÂÍ¶6µ�¶GÐo³I»$³Iµ^Ó
ìFº �435�PïR¶	Ë 0)õàÅ�¸¿³Iµ�¶6µ�Î/Å�¸BÎI¶G·�Ð�Ï�·¿»`¸Bµ`³^¼$Á9·BÏ\»`¸BÁ9º�¸BÐoÂ°·¿³^Ð¾³^º@»`¶6»`¸¿Á9º ¸B¼¾Â°µ`ÁGÂ�Á9¼$³^À »$Á µ`³^À�Ï�Î'³]»`Å\³

¶GÐoÁ9Ï�º+»�ÁGÖNÎ'Á9ÐoÂ°Ï\»`¶6»`¸BÁ9ºVÓ�Ô)Å�¸B¼)¸MÐoÂ°·¿³^Ðo³^º+»`¶6»`¸¿Á9ºèÎ'Á9º�¼$»$µ�Ï°Î'»`¼�¶�Â1Ä+µ�¶GÐr¸BÀiÁGÖN¸MÐ¾¶6½G³^¼7¶6»�À�¸H6�³Iµ`³^º+»
µ`³^¼$Á9·MÏ\»`¸¿Á9º�¼ÇÃ+Ä�·¿Á®Æ ÂÍ¶G¼`¼|ÞÍ·¿»$³Iµ�¸Bº�½i¶Gº�À�À�³^ÎI¸BÐ¾¶6»`¸Bº\½]Ã+Ä�¶]Ö�¶GÎ'»$ÁGµ�ÁGÖ)»åÆkÁ\Ó 0q»l³^¶GÎ�Å�·¿³I´G³^·q¸Bº	»`Å\³
Â1Ä+µ�¶GÐr¸BÀVïÌ»`Å\³Ò¶G·¿½GÁGµ�¸¿»`Å�Ð Ï�¼$³^¼�»`Å\³Ò¼$³I½9Ðo³^º+»`¶6»`¸¿Á9º�½G³^º�³Iµ�¶6»$³^À�¶6»l»`Å\³�Â°µ`³I´1¸BÁ9Ï�¼|·B³I´G³^· ïß³'Õ1ÂÍ¶Gº�À\³^À
Ã1ÄÒ¶rÖa¶GÎ'»$ÁGµ�ÁGÖÌ»åÆkÁ\ï�¶G¼R¶r¼$»`¶6µ�»`¸Bº\½¾Â�Á9¸Bº+»IÓ~Ô�Å�³ �èÂÍ¶6µ�¶GÐo³I»$³IµRÀ�Á9Ï\Ã°·¿³^¼tÆRÅ\³^º�»`Å\³�µ�³^¼$Á9·BÏ\»`¸¿Á9ºm·¿³I´G³^·
À\³^Î'µ`³^¶G¼`³^¼Çð�¸ Ó ³GÓ¿ï\º\Á9¸B¼$³ ¼$»`¶Gº°À�¶6µ�ÀÒÀ\³I´�¸B¶6»`¸¿Á9ºg¸B¼kµ`³^À�Ï�Î'³^ÀgÃ1Ä�Å�¶G·¿Ö4ï1»`Å\³^º�¶G·¿½GÁGµ�¸¿»`Å°ÐÑÖaÁ9·B·¿Á®Æ)¼k»`Å\³ À�¶6»`¶
¶6» ·¿Á2Æ�µ`³^¼`Á9·BÏ\»`¸¿Á9ºè¼$»`¶6½G³^¼/â/ï_ÆRÅ�¸B·¿³|Â°¶6µ�¶GÐo³I»$³Iµ 	�¸B¼�ÊG³IÂ�» Ï�º�Î/Å�¶Gº\½G³^À�ðaÁG»`Å\³Iµ`ÆR¸B¼$³Gï �	ÎI¶Gº�Ã�³ÇÞ�Õ�³^À
Æ)Å�¸M·¿³ 	�¸B¼)µ�³^À�Ï�Î'³^ÀiÃ1ÄmÅ�¶G·BÖ/â/Ó)Ô�Å�¸B¼RÐ|Ï°·¿»`¸¿µ`³^¼$Á9·MÏ\»`¸¿Á9ºi¶6Â�Â°µ`Á9¶GÎ�ÅVï�Ã�³^¼`¸BÀ\³^¼)µ`³^À�Ï�ÎI¸Mº\½rÎ'Á9ÐoÂ°Ï�»`¶6»`¸¿Á9º
»`¸BÐo³Gï�Ð¾¶^Ä ¸BÐoÂ°µ`Á2´G³èÖX³^¶6»`Ï�µ`³'ÈPÂ�µ`³^¼$³Iµ�´1¸Bº�½ ÎI¶6Â°¶6ÃÍ¸B·B¸¿»
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reduce window
size W;
n = 1;

given the intensity
function, get new

estimates of x;
n=n+1;

given x, get new
estimates of the

intensity function;

window size W
equals image size;

n=1;

get segmentation x
by c-means;

x has reached
 convergence?

n = n_max?

W = W_min?

STOP

NO

NO

NO

YES

YES

YES

êÌ¸¿½9Ï\µ`³ �6á�Ô�Å\³mËÌ¶6Â�Â°¶G¼g¶GÀ�¶6Â�»`¸B´G³]ÎI·BÏ�¼`»$³Iµ�¸Bº\½	¶G·B½GÁGµ�¸¿»`Å�Ð ÖXÁGµÒ¸BÐ¾¶6½G³è¼$³I½9Ðo³^º+»`¶6»`¸¿Á9º ¶6»g¶	½9¸¿´G³^º
µ`³^¼$Á9·MÏ\»`¸¿Á9º�·¿³I´G³^· Ó
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reduce window
size W;
n = 1;

given the intensity
function and the

c-means, get new
estimates of x;

n=n+1;

given x, get new
estimates of the

intensity function;

window size W
equals image size;

n=1;

get segmentation x
by c-means;

x has reached
 convergence?

n = n_max?

NO

NOYES

YES

given x, get new
estimates of the

c-means;

W = W_min?

STOP

NO

YES
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½9¸¿´G³^º�µ�³^¼$Á9·BÏ\»`¸¿Á9º�·B³I´G³^· Ó
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