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�-% ��v�M

      ��- ����%� �"���> u��-% ��� ��3�% �'" �<�� �'=+

� 	�(8Q> 	'I� �,�M �� �(��Q> �3%8> ,% H'") &-� 

  �38
��-�(� 	��� 
+%)End-diastole ���( ED(  ����Z(%

(��' . ,�M ��R
+%ED '�� 9(   �� T��� ��: &-% ;�3

 9('��� � &��-% &��3�� 9(�>�����cM 	%�%� ,���M 9��(%

 �T�>�>�" 2(%AM% �'" &�� '��(p  W�Y" ,% H��7
-% ��

     �T��� �!���� � ����%� o8P�- �� ��8P- ���:

� ��3�% �'" �) &-�"' . mn�-�   8> o8P�- 9�(%  W�-

	,�- �}�}" Delaunay    h��$8> ��-'E� O�8$ ��

��(�) 	�� ,% � ' ��� H�%8(� 	   h�(�I> �EP� W�Y"

o�/ �%8E� �� � H�%� 	  ��3�%Mesh'� 	'E� .  

�) ,% L(���M �� ���: �(���!  &�� ! h���
R" 	����

���� O��-�Y" H�%8(� k�a+ ����( 	    ���� '�(�� ��EP�

o�/ H�%� ��3�% 	 '+�� �%���  o��/ '�38> & ! H�%� 	 

     o��/ �!���� � ����%� o8P�- k��a+ ���3�%  ,% H�%�

  o8P��- 	�����8
+�: �!����� � �����%� k���a+ 	��

 �� 9���I> T�� �!��� � ���%� �('p    ����8
+�: 9�(%

'��EE: h���$8>H 	   L(���M �� T���� _��` 9��P�ED 

�" 'E��� .9(%���E�� ��3 k�a+ ?��>   ��V% 	���   � ���(���:

 9(% ���� ��(���:�'+%o�/   ��" �%��� H�%�  '�+�� .  ���

   �(��V ?��M �'" ,% H��7
-% �8dE"Active mesh   '�(��

 H�%8(� 9(%Mesh �8�� 	'E� . �� �Z�
+��  o��/ H�%� 	 

}V,F { =T�  �) �� �:F ��8�Z" 	 � !� �� `   ���

 �V ����8�Z" 	 �) u8��f� ���" ����  ;��$�� �'�����

�" ��� . & !Mesh L
(�8b3% ,% �	'E�Mesh  	'�E�

Delaunay     '�� H��7
�-% ��
M�( �a>�%)16 .(   ^8�+ 9�(%

Mesh	'E�� �E(A 	 �� �QYE"    H'�� ��E� � � ���M  ,%

�" �$�E� �%'I> � H,%'+% w�Y3 '���p   �� ��: 	�8/ ��

;Y" ��3 O��fA! �: �(��   ��" �
�=�� ��    �%'�I> �����
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    ��" 2(%A�M% A��+ ��"�� �$�E� �( ��' .   '��38> ;��%�"

o�/ �" �(, o�� �� ��Q
�% �� H�%� �'��:  

?� 1. H�%8(� �� W�Y" ��8P- &��- 	  �� ����

 �P�%� ,% H��7
-%)1( o�/ o8P- �%8E� �� H�%� :  

)1(                    

XTem = �X − sgn�X� − X   X ϵ Endocard�� 1 �������
X − sgn�X� − X   X ϵ Endocard��  ������� � 

����: ]x,y,z= [ X ����Pa+ O����Q
R"  ����� .����I
" 	%

�V% 	���8
+�: ���: ��(���:�'+% �( �  &�-%. Xc   A�:�"

 	�8
+�: ;a6 &-% �:x �" �) �� .�I
" � '��� XTem 

�Pa+ 	  �� �j�E
"X o�/ h(�I> & ! �" H�%� '���.  

?� 2.  h��$8>   H�%8�(� o8P�- 	    9�P� ��P�Y"

 ��}�}" W-8> _`     	'�I� ��- 	,��-Delaunay   ���

  �
�-%� @( �� k��� �: �/�a+ ��8�Z" ��Z(% �8dE"

'(��+ 9�"�> %� ��8�+ H�: @( 	�� � .  

?� 3.   H'�� 2(B��V 	,�- � !� �� ` 	   '��a"

Delaunay )RCDT ����( Refined Constrained 

Delaunay Tetrahedralization ( H�%8�(� 	   �� ����� �

����" ,% H'") &-� 	 ;��.   

 ;<� ��1  ����% ;�%�" o��/ ��Z(% 2R� H�%� 	 

�" H'(� �(��Q> ��8�Z" ,% �<( 	�� �� ��3�% �8�.   

���� �� !�
 "#��$ %&# ��    �'�	�
 ���'�)  (�')*�

��+,
�- "
���(  

   .���P> J�� ,% H��7
�-% �� �(8Q> �� �� �j�E
" k�a+

�,� �:8��    i%�R
�-% ����R
+% 	8Z
�! & ! �� �%�

  '�)22(.  

��
��# "#�, ��� � ./ (��  

H�%8(� 	�� k�a+ &:�� 	  ,% ���:8�" ����� �(��Q>� 

  H�%8�(� O��c� 	'I� �- &:�� �� �j�E
" 	   �����

�) &:�� � 'E
��      ��
:�� O���$8Q� ,% '�(�� ���

��c� 	 '��� �%��8��� ���� �m�V p     �'�" �8�dE" ���

��-�Y" � ���: 	    �%8�(� ���
:�� �%'��"H 	   %� �����

�
��-8�V W���Y" 	 @�
��-B%�  �����=" �Bistoquet  �

 �%��<��)29(�    ��+ ���M ����+ �(�V�+ L:%�>�8 � L(

   ?��� ,% ��<( ��� .�I
" %� k�a+ 9(%     ���3�% �'�" 	���

+%� 
��L� .  �'��" ��� L:���� 9�+%8��� ��� ���!8> ����  	����

<�+�<"�� W�Y"    �'�" ��� ?�M ���\> H,�!% �
-8�V 	��

 ��3�%)o�/ H�%� 	 W�Y" H�%8(� �� 	    &�3�� �� T���

�8
-�(� (�" H�%� �8� .     	������+ ��� ;�"�I> �� ��'�"

 ���\> �(8Q> �!����" %'�V ;<�    ��� H�%8��� �> 'E:

��3 	8- �8� H'+%,%�� �(8Q> 	��.  

  

  
 0121 .A :�-
 � #��,��6
 ��78�� 9��6 �� :�;� 9��6  ��<&��# ��=<6
 >��? 8
 #��,)ED(  

B :��&� �-
 � #��,��6
  �@A@� #��,Delaunay ��2 �  ��<&��# ��=<6
 >��? �� ���;�)ED(  

C :�=/� �=�� ��2 B�C�- �8�& �  ����Delaunay ��
��# �  �DAE ��<&��# ��=<6
 >��? �#)ED( 
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 0122 .�� "�G6 
� #��,��6
 ��C %,�H �, ������ "�I#
# �� ��� J8
�� 8
 0K�H >��? B2 �7#  

>��? %&
� �� ./ 8
 L���� �� ��
 M�#�  ��71 N4  �7 >��? %&
� �� ./ 8
 L���� �� Q�# M�#� �  ��713 ) �� �	�<S�# ��=<6
ED( N  

16  �19 ) �� �	�<S�& ��=<6
ES (�� "�G6 
� #�7. 

  

 �'" ��8M O�Y�v8> �� �E�Active mesh  ���:�>

&-% �(, 2R� �� ,% :1 .    @�(S838V8> ��-'E� �'�"

 � T��2 .   &�Y> %� �'�" �<�"�E(� ��
M� �: �>B��I"

�" ���� �!��� 	�����+ ��6�> 'E: .   ��
�� �'�" ���I>

�" ;$��        �� H'�� ����� ���: 	S��+% x���> ��: �8�

�P�%� 	 )2 (�8� �E��:.  

)2                               (Edata  +Eelastic  =E  

Eelastic   � �'��" ;<��� �����\> 	S���+%Edata  	S���+%

    &�-% �(8�Q> �!���� 	������+ �� �
��%� .  O���fA!

�8"�M H%��� �� ;"�:   9�(% ��8�+ �E��: & ! ?,B 	��

��3 	8- �� �'" J,%�� � �3��I"   �� �
�=�V �(8Q> 	��

 �%��<�� � �+�"�: 2��NV)22 (&-% H'� �:e.  

 ?��� ��"'�` W-8>   	���     ��� H'�� J,%��� �'�"

L(�M �� 	�(8Q> ���%�      ;<�� ����\> �h��
R" 	���

H�%8(� 	     ,% H'�") &�-� ��� _` 9P�Active mesh 

'� �%�8�+ .     ��%� �%��� L�� ���E: ,% �T��>�> 9��� ��

]���}" ���(�� 	����  ,% �����Z> L�
���+%8> ������ 	����

H�%8(� 	 L�(��+ ��Z(% %� _` 9P� �!��� � ���%�.  

 ;<�2   �P�- 2(��+  ���:�'�+%) ��(B 	   ����%�  

���: 8�" ( �� %�6     H'�� ���Z(% T��>�> 9('� �: �L(�M

�" ��=+ �&-% '�� .�" %� �(��Q> 9(% �3%8>    ��� �%8�>

�%� 2(��+ L��M O�8$ .   	��� �� �(��+%8> �(�
+ 9(%

�" ��=+ %� L
(�8b3% 	'I� �- '��.  

�)6�B �# �V��  

   ���P� h��$8> ,% 	'I� �� 2(��+ & !Bull’s eye �

    � @��"8>�+) O����/% ,% ����� 'E` &��b+ ��<"% �:

      %� ��+� �E('�: ,% H��7
�-% ��� ���Y" ��: 	���
"%��V

�" L�%�M '� H��7
-% ����) .   9��QQR
" �(�E��) ;�3� ��

       �� H�%8�(� �S8��M�V 2(���+ �� �&���b+ 9�(% ��� T��

 �
�3%'"Thalium scan 9(%  H8��� 	    &����% ,% 2(���+

 &�-% �%��8��� 	��(, .     ����" �8�/ �2��N�V 9�(% ��

 H'���� H�%� 2(�����+ J�� 9���(% ����� L:%����
"&���-% .  
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 0123 . W�����6$ ���&
17 ��H�6 �  B��)6Bull’s eye ��!  �� � ��++, ���X� �6� Y��  � �H
�6 (�
  

  

 ;<��� ��3  �"���-% @���"8>�+)17 ������+ 	  2(����+

Bull’s eyeH��� �� �   H'�EE: ��(�\> �+8� ���� 	 	 

�" H'(� ��%8+ 9(% �8� .  

 ;<� ��4       ��� H'�� i%�R
�-% L:%��
" �%'��" A�+

 O�8$ �� 	�� E=�V L
(�8b3%Bull’s eye   @�( 	%��

  ��" H'���=" �����  �8�� .     ��%8�+ ��+� ���) ��%8�+

L: �" X�Y> 'E��� . �b+� �8
- �� &:�� A�+ ���Z"

���" T�� �" ��=+ %� �
" '��.  

  

  
 0124 . B��)6Bull’s eye ��)�� W� >,
�<� �<,�H "
���  

  

���	 	
  

  ��I�%� �7E" ��%8")TN   ��(true negative (  &��}" �

 ���I�%�)TP  ���(True positive ( ��%8��+ T���>�> ����

 T�`�� �
�3%'" �� �� W-8> �: �8� ��3�- � L3�-�+

��8� �+��<( . T�>�> �� ��%8" 9(%5  �51 �8� ��8" .  

    �e��: ��7E" ��%8�")FN   ��(False negative ( �

 �e���: &���}")FP  ���(False negative ( T���>�> ����

    ��� ��
�3%'" �� W�-8> �: �8� ��3�- � L3�-�+ ��%8+

� ���<( O�8$  �) ��" � ��8�R+ T�`�    yA�! %� ���

L(�8�+ �8dE" W�K ��%8" .   T��>�> ��� A�+ ��%8" 9(%2 

 �22 �8� ��8".  

  l���� ��(, W�%�� �� �!8> ��    &��-��� 	���

)Sen( &������$�Q
�% �)Spec( &������� �)Acc( �

2���V  &���}" �(8��)PPred (2���V �  ���7E" �(8��

)NPred ('� i%�R
-% .  

Sen = 100 × TP
TP + FN 

Spec = 100 × TN
TN + FP 

Acc = 100 × TN + TP
TP + TN + FP + FN 

PPred = 100 × TP
TP + FP 
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NPred = 100 × TN
TN + FN 

    ,% H'�� ���% �(��
+ 9�� �
M� ?�Z+% O��(�a" ��

   &�-� ��� �(�
+ �� T�� �(��Q> �3%8> ;��Y> � �(AZ>

 J�%A ,% H'")Calcium score� �� �%8E�  ���%'+�
�-% 

     ���: '��� H'����=" ���-��� ��8��" ������� �E��V ��

 J�� 9(% &�$�Q
�%70  �) &�-��� �71   '�$��

�8� .2�V �&�� �(��a" 2�V � &�}" �(8   ��7E" �(8

 T�>�> �� A�+70 �5/18  �92 '� ��-�Y" '$�� .  

��(�a" �8dE" �� 	  � �(AZ> ,% H'") &-� �� �(�
+

 ;��Y>MRT  �(�
+ ��Calcium scoreT�`�� �   	���

����+ �� �� ��%8+ 	     ��� p&�M�( ;���a> L3�-�+ � L3�-

 ����: �: 	�8/ 	      �� ��b
M� ���`� ����� ��%8�+

Calcium score �����: � 	  L��: ��%8��+  �� X���Y>

 �(��Q>MCT   ��8�� T��`�� L3�-�+ ��%8+ �� .  ���

 ;<� �� ���}" �%8E�4      ��� �+���" o8P�- �� X��Y>

 ,% �
�: �%A�"18 ���" �� ��M 	%�� �
"    &�-� ��� ����

     L3��- �%��M% �� �%A��" 9�(% 9�b+��" �: �3�� �� p'")

 ,% �
=��20 ���" �8� �
".  

  

���  

     �'��" W��-8> %� �����:8�" &��:�� 2��N��V 9��(%  

Active mesh   	'�I� �- �(��Q> �3%8> �� 	'I� �-

�- > �%� �%��� �-��� ��8" T�� 9<-% � .   ��'�" 9�(%

   ��" ���Z(% H'�� ;('I> �(�cM    � O%����\> ,% � '�E:

���!   ��� � H���- �(�!  H'���� 	    	��8��! O��c�

�" '(��+ .�" H'� �f%�% J�� ,%    i%�R
�-% 	%��� �%8>

   l���� ��b(� � 2+��: �LZ� �&:�� �%'�"   	���

       �%A��" � ��8�� H'�+, ����(,�% �8�dE" ��� �_` 9P�

 9(% �� �: ��E[�� p��: H��7
-% ���:8�" &M�� &�3�IM

:�� �%'�" �2��NV    ��-��� ��8�" ����(,�% & ! &

&M� �%�� .  

 ��'� 2��NV 9(% ��7000   H��>8: �8Y" �(8Q>

        ��8�" @��AV ��� H'�EE: ��I!%�" �E�V ,% _�` 9P�

 '�%8� �� ;��Y> � �(AZ> �(�
+ �: &M� �%�� H��7
-%

�) �<�E��: &�%� 	��,�- �� .   �� 	��,��- 9�(% �"%

 &�������Apical ��������+ �� ,% 9����P� 	 Basal  �  

Mid-Cavity       ,% ��
:�� �%'��" ��: %��` p�8�� �
�:

�" L: �(�'> �� _` 9P� X8+ &�- �� H'���  �8�� .

 &��� �� &:�� �2��NV 9(% ,% ;$�� �(�
+ �� �"%

 �(� 
+%Apical  �����+ �� @(�A+ � 	 Apex   ,% �
�=��

����+  	 Mid-Cavity� �&-� '") . @-�" ��I�% ���\>

H'E:%�V �%'�" 9��R> �� 8Z
�!J�� �%'I> ���\> �  ��

 	����,�" 	�� k���a+ 2(%A��M% � 2����: �9���E[�� �

L=` ��6�> ���:8�"      ��fA! 	��,��-�+ 9�(% ��� 	��

&�%'+ .�� �: &-% �:e �� ?,B  ��8�+ lR=" ��8�

m(�-% ,% ���� �� ���:8�" 	��,�"   �����+ 9(% 	��

�" �T-�E" x�Pa> & ! '��� �"% 9(% ;(B� ,% '+%8>.  
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Abstract 
Background: Cardiovascular diseases are the main cause of dead in the world. More than 17 million 
persons die because of heart abnormalities annually. Using noninvasive or low-risk methods instead of 
invasive and high-risks is necessary. As heart motion is affected by vascular occlusion, in this study 
heart dense motion field was extracted using a deformable model and multislice computerized 
tomography (MCT) images to distinguish between heart motion abnormal and normal regions.  

Methods: MATLAB software was used for simulations and the applied deformable model was active 
mesh model. The MCT images were turned to short axis images and then segmented. Lastly, the dense 
motion field of heart was extracted and shown in the standard Bull’s eye form. 

Findings: The accuracy and sensitivity of extracted dense motion field results, shown in the Bull’s eye 
form, in comparison with cardiac calcium score results were 70, 71 percent, respectively. 

Conclusion: Results show that the heart dense motion field extracted using active mesh model is a 
consistence and promising feature to help diagnosing of heart diseases. 

Keywords: Heart motion field, Deformable model, Active mesh model, Image processing, Multislice 
computerized tomography 
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