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���Áª&¥�±¬¤�½c¢®¨c·³�¬¤��L�À·³¤\��©�¤��L�,��¤]©®�¦���¬ÊL´�¤&�­�¦¨#�À�Á��¤]¢­¨����¬«c¤]±Á²$¢­¤]·�´¦©O¤\�I����¤~±¬¡³©�¨c±k��¡³·³¤�¤���¤]¢�½x²c¾~Ä���¤&±¬¡³©�¨�±V��¡³·³¤�½c¢®¨c·³�¬¤��L�o·³¤]�­©O¤]�L�
¤]ÊL´¦¨����¬¡c���¬� ��*­çL�ZÒ � è ����*�çY�Bè X
n ���poJq U o �Pr / �Pr ç	���Bè�� çtscè
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¤]�§���¬ª�¨#�­¤]·�¯°¢­¡cª ���¦¤<�¬ª&¨c½c¤<¨��	·³�kiX¤�¢­¤��L�'¢­¤]��¡c±¬´³���¬¡c�g��Ì¸�eçL�´Ò � èo���"����¤
��¤OÃT�'�¦¡T·�¤<¥?¡x���Ç�­�Á¡x��¨��¦· n  )¤]�Á½x�L�­�o�­��¤<½x¢­¨x·³�¬¤��L�
©O¡x�L��¢­�Á¶�´����¬¡c�Æ¾ ~+�§´¦¨c±Á±¬² ��������¥�¢­¡³©O¤]�­�
�¬��·³¡x��¤;¨��
�­��¢�¤]¤;¢­¤]��¡c±¬´³�­�Á¡x�¦��Ì1 ���¤�¢­¤h�­��¤��Áª�¨�½x¤;¢­¤]��¡c±¬´³�­�Á¡x�¦�<¨c¢�¤�©O¡cª&¥�´����¬��½�¶T²
©O¡x�T«c¡c±¬«T�Á�¦½À���¦¤o�Áª�¨�½x¤, ��Ç�­��¨~ñ,¨c´¦�­�§��¨��
±Á¡# a¥¦¨c�­�!æ¦±Á��¤�¢1 ��Ç�­��¨&·³�kiX¤�¢­¤��L�1�µ�®¨��¦·¦¨�¢®·<·³¤]«L��¨#�­�Á¡x�Æ¾
ë �o¤�«x¤�¢­²$�µ�­¤�¥��Á�;����¤�ª&�¬���¬ª	�¬Í]¨����¬¡c�ÆÌB¤]¨c©®�;¥�¢­¡T©�¤]�­�+�­¨�£x¤]�I�¬�x�­¡�¨c©�©�¡c´��L�I����¤��¦¤��¬½c�T¶g¡x¢��¬��½
��¡³·³¤]�I¯°¡x¢�ª&¤�¢o·³����¥�±¬¨x©O¤]ª	¤]�L�

¯°¡c´¦�¦·�¯°¡x¢+¤]«c¤�¢­²�¡����¦¤�¢1�¦¡T·�¤'�¬�$�­��¤"ª&¤]���Æ¾oÄ���¤'¥�¢�¡³©�¤]�­�-���+¢­¤�¥?¤]¨���¤\·�´��L���¬±B�­��¤'��¡��®¨�±G¤���¤]¢�½x²
½x¤O�®�1�¬�L��¡�¨~±¬¡T©]¨�±Wª	�¬���¬ª"´�ª�Ì
 �����©®��¯°¡c¢'��ª�¨�±¬±V·³¤�¯°¡c¢­ª&¨����¬¡c�¦�,���"©�±Á¡L�§¤	�­¡�ç°¡x¢À�¬�®è+���¦¤~½c±¬¡c¶¦¨c±eª&�Á�¦�Áª�¨�¾�Ä���¤~·³����¥�±¬¨x©O¤]ª	¤]�L�"«c¤\©z��¡x¢,¯°¡c´��g·�¢�¤]¥�¢�¤\�§¤]�L�­�I���¦¤
¤]�§���¬ª�¨#�­¤]·�ª&¡����¬¡c��¨#���­��¤o��¡³·³¤o¥?¡c�¬�x�®��¾
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·��¬��¥�±�¨c©O¤]ª&¤��L�<�5y ¯°¡c´��g·��¬�����¦¤
ª&�¬���Áª&�¬Í]¨����¬¡c��¥¦¢�¡³©O¤\���'���"´¦��¤]·���¡;¤]�§���¬ª&¨���¤
����¤�·³¤]�¦�§¤�Åqª&¡c���¬¡c�³Åqæ¦¤�±�·Z��¤]¤]·³¤\·
��¡��­¢­¨x©®£Z����¤���¤�½xª	¤]�L�­¨#�­�Á¡x��¯°¢­¡cª ¡c��¤�¯°¢®¨�ª&¤���¡�����¤��¦¤OÃT�]¾�Ä���¤�·³¤]�¦��¤OÅàª	¡c���¬¡c� ¤]�§���¬ª�¨#���¬¡c� ���	¯°¡c´��¦· ¶T²� !¤��¬½c�L���¬��½����¦¤
©O¡x�L��¢­�Á¶�´����¬¡c�&¡�¯�¤�«x¤�¢­²"��¤]�Á½x�T¶g¡x¢e��¡³·³¤-�¬�����¦¤-ª&¤]���Æ¾ ë �­�§´�ª&�¬��½"¨o©�¡c�¦�§�­¨c�x�)«c¤�±¬¡³©O�Á�µ²"ª&¡³·³¤�±qÌL±Á¤��V´¦�V©]¨�±¬±{zVçY�����§è'�����eçL�§èD?9���
���¦¤o¤]�§���¬ª&¨���¤\·
«x¤�±¬¡³©O�Á�µ²~¨#�-«c¡�Ã³¤]±f��¨#���­�Áª&¤��z¾eÄ���¤]�ÆÌT���¦¤À·³¤��¦��¤oª&¡��­�Á¡x�<æ¦¤]±¬·�����¤]�§���¬ª�¨#�­¤]·
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Input tissue properties and inter−
structures iteration properties

Define node points by randomly
selecting high gradient points 
and boundary points. Randomly 
select some interior points

Build the model mesh using the
feature poitns extracted

Minimize the total energy of the 
frame pair.

Estimate the dense motion flow
using the estimated node displacements
found by the minimization of the
mesh energy.

Propagate the segmented image
using the dense motion information

Relaxation labeling and 
image base mesh node fine
adjustments

Last image in the series?

Input first image in the series
and the corresponding 
segmented image

End

No

Input the next image in the
series

Yes

�^� �
�WÔ�Ð
�
	oº�¡��­�Á¡x�<�­¢­¨x©®£T�Á��½ Â ¡#  ©®�¦¨�¢��
 ���¤]¢�¤

| çL�Bè.� ©« ¢
L Õ q g M�~ j oF� U r
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�¬��·�¡c��¤I´¦���Á��½	�­��¤,��¤��¬½c�T¶?¡c¢!��¡³·³¤]��¡c¯B���¦¤
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¨#�!���¦¤¢­¤�½c�¬¡c� Í �!¶?¡c´��¦·¦¨�¢­²c¾
ÄW¡~æ¦±¬±r����¤&��¤�ÃT�I«x¡c±¬´�ª&¤'�¬�h�­��¤&�§¤]¢��¬¤]�I ��Á���;����¤&�§¤]½cª&¤��L�­¤]·h·¦¨#�­¨�¨#�I���¬ª&¤�çL�¸ÒÑ���§èOÌ� )¤	��¤�¤\·$�­��¤&¤]�§���¬ª�¨#��¤\·$«x¤�±¬¡T©��Ç�µ²

¯°¡c¢+¤�«x¤�¢­²<«c¡�Ã³¤]±Æ�Á���­��¤"�¦¤OÃT�1«c¡x±Á´¦ª	¤x¾�Ä��¦¨#�Iª	¤\¨��¦�����¦¨��+ !¤À��¤�¤\·�¨�¢­¤�«c¤]¢­��¤,ª�¨�¥�¥��¬��½~¡c¯k����¤"¤]�§���¬ª&¨���¤\·�ª&¡����¬¡c�BÌ¦ �����©®���¬�
½c�¬«c¤]�
¶T²µ�

� çY����� ÒÔ���§è.� �
� ¢

L�� q g Ï�� oFq g / � rI�IMP� oJq r � çY�
+?���§è�� ç � ×Lè
 ���¤]¢�¤&�6���+����¤	�T´�ª"¶?¤�¢,¡�¯)¥g¡x�Á�L�­�+�­�¦¨#�,¯w¨�±¬±r�Á�L�­¡<�­��¤���¨cª	¤'«c¡�Ã³¤�±r��¥¦¨c©�¤��+çY�Bè��¬�h�­��¤&��¤OÃT�,«c¡x±Á´�ª&¤x¾ÀÄ����¬�,ª�¨c¥�¥��¬��½¦Ì�·³¡T¤]�
��¡c�+æ¦±¬±e¨�±¬±W����¤���¥¦¨c©�¤'¨#���¸Ò ���zðÆ¶�´��o¨����Áª&¥�±¬¤'�¬�L��¤]¢�¥?¡c±�¨#�­�Á¡x�$¶g¤��µ )¤]¤��;ª&¨c¥�¥?¤]·;��¤��¬½c�T¶?¡c¢I«c¡�Ã³¤�±��1©]¨��h¶?¤&´¦��¤]·��­¡<æg±Á±r¡c´��
���g¨#���§¥¦¨x©O¤x¾eÉ+�g©O¤1 !¤I�¦¨�«c¤1¨c�<¤\�µ�­�Áª�¨#�­�Á¡x�<¡c¯�����¤,«c¤]±Á¡³©��Ç�µ²	¯°¡c¢!¤�«x¤�¢­²&«c¡�Ã³¤�±g�Á�<����¤I��¤OÃT��¯°¢®¨�ª&¤cÌL�Ç�®���§¤]½cª&¤��L�­¨����¬¡c�~�����§�¬ª&¥�±¬²f�

!+çL�����QÒÞ���§è��W!+çL� X � çL�����QÒÞ���§è����§è�� ç �c� è
 ���¤]¢�¤^!1çY�����§èr���G���¦¤-±¬¨c¶g¤]±¦¨#�e«x¡�Ã³¤�±F�<¯°¢­¡cªã����¤�¥¦¢�¤]«L�¬¡c´g�r�Áª�¨�½x¤cÌc¨c�¦·&!1çY�����!ÒS���§èG���r�­��¤�«c¡�Ã³¤�±³±�¨�¶?¤�±g¨#�r����¤1��¤� í�§¤]½cª&¤��L�­¤]·
�¬ª&¨c½c¤x¾
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Ä���¤�ª&¡��­�Á¡x����¢®¨c©®£T�Á�¦½�¨c±Á½x¡c¢­�Ç�­��ªï���À¨c�,½x¡T¡T·�¨x�I����¤~�¬���Á����¨�±V¨x����´�ª&¥³�­�Á¡x�¦��¾
Ä���¤�¢­¤O¯°¡x¢�¤xÌÆ�Ç�'�¬�o�¦¡��À¤�¢­¢­¡c¢I¯°¢�¤]¤c¾�åT¡cª&¤�¡�¯!���¦¤
¤�¢­¢­¡c¢®�1©�¨c�h¶?¤�©O¡c¢­¢­¤]©z�­¤]·�´g�§�¬��½
����¤&¢®¨� (·�¨#�®¨<¡x�¦©O¤	 )¤&�¦¨�«x¤À�­¢­¨c�¦�µ¯°¤]¢�¤\·$¨�±¬±r���¦¤'±�¨�¶?¤�±r¯°¢­¡cª ¡x��¤"¯°¢®¨�ª&¤'��¡
����¤&��¤�ÃT�]¾'Ä��¦¤
¤�¢­¢­¡c¢�Åà©�¡c¢­¢�¤\©z���¬¡c�'�µ�­¤�¥�´¦��¤]�)¨o�§�¬ª&¥�±Á¤+¨�¥�¥�¢­¡x¨x©®�Æ¾B�à��¨c�­�§´¦ª	¤\�r���g¨#�e�­��¤���¢­´�¤1��¤�½xª&¤��L�­¨����¬¡c��©�¨c��¶g¤-¢­¤]©�¡#«c¤]¢�¤\·À¯°¢­¡cªã����¤+�Áª�¨�½x¤
½c�¬«c¤]������¤À�¬���Á����¨�±G�§¤]½cª&¤��L�­¨����¬¡c��´¦���Á��½
¨&¢�¤]±¬¨�Ã³¨����¬¡c��¨�±¬½c¡x¢��Á����ª�¾!Ä���¤�¢­¤O¯°¡x¢�¤, !¤À¢�¤]±¬¨�Ã³¤]·<����¤À¤\�µ�­�Áª�¨���¤]·���¤�½xª&¤��L�­¨����¬¡c�
�*gYaÀ¨
·³¤���¤�¢­ª&�Á�¦�¬�§����©1¢­¤�±�¨#Ã�¨����¬¡c�<¨c±Á½x¡c¢­�Ç�­��ª ±Á�¬£c¤+����¤I¡c�¦¤+¥�¢­¡c¥?¡x��¤]·~¶L²�'k¨c¥�¥¦¨x��¾ u�w ë ¶g¡x´��¦·�¨c¢�²&��¡³·³¤I¥?¡c�¬�x�-©]¨��~¶?¤,¥�±¬¨x©O¤\·<¨#�!���¦¤
�¬�x�­¤�¢­�Á¡x¢)¡c¯G¨	¢­¤�½c�¬¡c�
¨#¯È��¤]¢!����¤o¢­¤�±�¨#Ã�¨#�­�Á¡x�Æðx����¤]¢�¤�¯°¡c¢­¤+�Á���¦¨c�)��¡&¶?¤o¨c·�ßµ´¦�§��¤\·�¾k¿�¤,¨x·�ßµ´¦�§������¤\�§¤,¶?¡c´��¦·¦¨�¢­²�¥g¡x�Á�L�­�!¶T²�æ¦�g·³�Á�¦½
���¦¤~¶g¡x´��¦·�¨c¢�²;¥g¡L�§�Á���¬¡c���­�¦¨#�"ª&�¬���¬ª	�¬Í�¤\�o�­��¤~·³¤O¯°¡x¢�ª�¨����¬¡c��¡�¯����¦¤~ª&¤]���Æ¾
îG�¬½c´�¢­¤ � �§�¦¡# -�,����¤ Â ¡#  ©®�¦¨c¢§�À¡c¯)�­��¤~ª&¡��­�Á¡x�
��¢®¨c©®£T�¬��½&¨�±¬½c¡c¢­�Á����ª�¾
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� î�ö ì �d÷���írî�í$ô%òrí � ï�î¡ �í�õ¢ î�ï�ì�í £�¤�¥$¦ £�¤P¥�¦Å ó�ö-§ § þ9ü ý©¨iª ª�ý>ü|Å�ú!Å§»ó�ö ª §k« ü « ý ý ªk¬!ü ¨�þk¨ª ó�ö ¬ § ¨!ü ÿ*ÿ�ý ª�ý>ü þ*úi¨¬ ó�ö ý ª ú!ü § úk¬ ª ÿ9ü ú�þ©¬ý ó�ö ÿ ª ú!ü þ�ÿ « ª ÿ9ü ¬ « ÿÿ ó�ö þ ª!Å ü ª § þ ª�þ>ü ú�ýk¨þ ó�ö�« ª!Å ü ¨ ý*ú ª�þ>ü|ÅG¬>þ

� î�ö*ì �d÷���írî�í$ô?ò$í �Îï�î¡ �í�õ¢ î�ï*ì�í £�¤P¥�¦ £�¤�¥�¦Å ó�ö�§ §i§ ü ÿ « ¬ ª*ú!ü ú�þ>Å§»ó�ö ª § ¨9ü § þ þ ª § ü ª�ý «ª ó�ö ¬ § ÿ9ü ý*ÿ�þ § ÿ!ü ¬ «i§¬ ó�ö ý ª § ü § ¨ § ª©¬?ü|ÅKª §ý ó�ö ÿ §i§ ü ÿiª!Å § ÿ!ü þ©¬iªÿ ó�ö þ § ú9ü ª�ý*ú §k§ ü þ*ÿ «þ ó�ö­« ª!Å*ü ¨�ý*ú ª þ9ü|ÅG¬�þ

� î�ö ì �'÷b��í�î�í$ô%ò$í � ï�î¡ �í$õ¢ î�ï*ì�í £�¤�¥�¦ £�¤�¥$¦Å ó�ö-§ § ú!ü ú §k§ § ÿ9ü ý § ¬§»ó�ö ª § Å ü ¨!ÅG¨ §k« ü « ÿi¨ª ó�ö ¬ § ú!ü ý©¬i¨ § þ>ü ú©¬®¨¬ ó�ö ý § Å ü ¬ « ÿ § þ>ü ú þ©¬ý ó�ö ÿ ÅG¨!ü þ*ú*ÿ § ý>ü ª ý*ÿÿ ó�ö þ ÅG¨!ü « ú©¬ § ª9ü ý©¨iª
ï   ¯F  ò  
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µrÙ � o �rÞ x �$�
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·³¤�¯°¡c¢­ª&¨����¬¡c�
¡�¯W¨'£T��¤�¤I¥��¦¨c�x�­¡cª�¾kÄ���¤,¥��¦¨c�x�­¡cªä �¨c�)ª&¡T·�¤�±¬¤]·
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