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ABSTRACT 

 

 

 

Centerline is a thin structure which is located in the center of an object. It is useful in 

image analysis and shape recognition because centerline uses simple structure to describe 

object. We propose a method that constructs directed graph from image vector field generated 

by Gradient Vector Flow and then uses graph algorithms to build centerline by several 

properties of it. Since this method is based on graph, the only difference between two 

dimensional and three dimensional images is how to transfer from image to graph. After the 

transformation, the dimension of the image would not be very important to this method. The 

result of the centerline is presented as part of the directed graph which is useful for future 

application. 

 

 

 

 

 

 

Keywords: Centerline, Gradient Vector Flow, Graph Algorithm 



iv 

�������� 

stuvwxyz{J|}~����������)$��)*��5�~0�

uv�� !������V�$����������|}st��ST���

�-�6�����G�G�ef����st�����0�

uv�� ¡¢�£�67U¤¥d¦§¨©*��ª��0�

uv«¬+3d�6®£�¯°±²�³´µ�vv¶µ0�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�



v 

�������� 

�2·¸��� ............................................................................................................................. ii 

¹2·¸��� ............................................................................................................................ iii 

ºv������� ............................................................................................................................ iv 

»¼������� ..............................................................................................................................v 

%»¼����� ............................................................................................................................ vi 

½6¾�����¿� ......................................................................................................................1 

1.1    �À……………………………………………………………………………...1 

1.2    ��»�………………………………………………………………………...2 

1.3    �2Á�………………………………………………………………………...2 

½N¾�����Ân�� ..............................................................................................................3 

2.1    ÃÄ……………………………………………………………………………...3 

2.2    Topological Thinning............................................................................................3 

2.3    Distance Map………...……………………………………….…………………5 

2.4    Voronoi Diagram...................................................................................................7 

½P¾����� Gradient Vector Flow�ÅÆ:;�� ........................................................10 

3.1    Gradient Vector Flow Field.................................................................................10 

3.2    C� ÇÈÉ �<= !� ÇÊËÌÍ ……………………………..…..……………11 

3.3    ��ÇÊËÌÍ Algorithm�:;��....................................................................13 

3.3.1 :;���ÎÏÐ.............................................................................................13 

3.3.2 8��ÎÏÐÂÑÒ�>��.........................................................................14 

3.3.3 Ó���ÎÏÐ@aÔÕ��.........................................................................16 

3.4    ��.....................................................................................................................19 

½Ö¾     ���× ............................................................................................................21 

4.1    ÃÄ.....................................................................................................................21 

4.2    NO !���×Ø"#.................................................................................21 

4.3    PO !���×.............................................................................................28 

½Ù¾�������ØÚ�ÕÛ ................................................................................................29 

ÜÝ2Þ��� ............................................................................................................................30 

 

 

 

 

 

 

 

 



vi 

������������ 

ß% 1à[9]�p¡ A$áâLM� Topological ThinningDE��4����×�%�

ã7ä�	���� !��67 voxel0...........................................................................4 

ß%�2à[14]�����×�% A �å%�% BF% C���UV�æ�çè���d

����×0 ............................................................................................................................5 

ß% 3àéêëØ���nì ................................................................................................6 

ß% 4à[2]��í%î�ã7ï�ðñ�ò�óô�õ%�öEã7ï�÷ø�ï��


\]ùWB�d�ùW@úûü� ....................................................................................7 

ß% 5àýþ�ï&>� Voronoi Graph................................................................................7 

ß%�6à% a�å%�% b� e"���1ï� 10�50�100$ 2007�1ï��d�

���×�% f î�4������ �0 .........................................................................8 

ß% 7àí%� Gradient Vector Flow Field�õ%�í%�
Y"��-%0..............11 

ß% 8àã7@ú�7	
@ú�g�ø�|7	
@ú���0 ..........................12 

ß% 9à�� graph G����@ú*�@�ü��ü�ï�@ú��@��@��&

> Strongly Connected Component� ......................................................................................13 

ß% 10à�þ�Y"�:;4�� Strongly Connected Component0 ............................14 

ß%�11à�þ�Y"� SCC��þ�Y"��|7 SCC�ü�g���������

�ã7ï@a�@ú�@0 ..................................................................................................15 

ß% 12à�þ�Y"�8 SCCÑÂÒ������0 ...................................................16 

ß%�13à� graph G����|��øðñ�ïFV���)�ï�*���@ú�

���)�ï0 ......................................................................................................................17 

ß%�14à�þ�ï� SCC��þ�ï� InDegree-�P�ï0 ...................................17 

ß% 15à�þ�Y"�@a:;�d���0 ................................................................19 

ß% 16à:;���DE��[ ........................................................................................20 

ß% 17àí%�9:;����	�õ%�í%�Z GVFLMB��×0 ..............22 

ß% 18à�þY"�:;4�� Strongly Connected Component��þY"� InDegree

-�P�ï0 ..........................................................................................................................23 

ß% 19à����×��þY"�8 SCC !ÑÂÒ������þY"�Ó SCC

@aÔÕ���0 ..................................................................................................................24 

ß% 20àí%�"��ý#$% !�õ%�í%�Z GVFLMB��×0 ..........25 

ß% 21à�þY"�:;4�� Strongly Connected Component��þY"� InDegree

-�P�ï0 ..........................................................................................................................25 

ß% 22à����×��þY"�8 SCC !ÑÂÒ������þY"�Ó SCC

@aÔÕ���0 ..................................................................................................................26 

ß% 23àí%���:;�����&ä�	�õ%^�:;4�����× ........28 



1 

����������������

������������

�

�

�������� ������������

���&'g(�� 1967}Ó Blum[3]�34��	������)��	�ü

��*�������	$���	���0���������������	�

+,5-.)$öE)�/�W��Q01��,~2&)0��� !��3ä

Ð4-5�������é-678/9:; <�@$=>?`a� !"#$

%&'(����@+,-�./�!��./AB !��C¤�DE !ê

F0�

:;��6®�*�GHT?+IJA�KE��Zª,~2Þ34:;��

�DE��L�*+	
�æ�MN�OMPQ���6R�Y"S+���P7

Å1TU�"����VW)��	��
XcenteredYr�����XthinY$��¸

ÑÂÒ�XconnectedY06Z[����NO !��	ã7��g-éêë�ë

\�]^�PO !^��	ã7��g-éê_�_\�]^�LJ��TU`

Ua&>�����0�

b5)��P7Å1TUa��kcUV�de�f�F:;4���Bgk

����DE��hi6jka�TU�l^�D;4mn����op¸QUq

ðñ��� �r¸Q0r��s3XreconstructYå1��	r:;���DE�_

¸+t�uvww0JjUV�:;���DE��Òx� �d����×�V�

��	��UV�DE���Q��d\ó,-��×0�

����yz{|MN��~DE�S}�~jIM&���	�:;����

� !)gt���¤���	����Ð4�-5$C¤[5,6]0��6j&���

/���	�$PO !���	��yz�uv���DE�0�S��)�cæ



2 

)�� !� �����ÔÕ�PO !� !"#���î�s¸�����

@UX�}�¤���	01��2C�å1E� !"Fj�� Gradient Vector 

Flow�ÅÆ�3467��NO !$PO !�LM���DE�0�

�

�������� ��������������������

Zª2Þ34�:;��DE�~��"��NO !�PO !��LM��

�S:;IM&��	���0�d����×@+67���de������

����}�4��	����×�ÑÂ���0�

1��23467����NO !$PO !)GHUV�	�����T

����������������Û�3�67+uv�DE��:;���

F3���4��	�������0�

�

�������� ��������������������

1��2�"�Ù¾�½6¾�����Àr��><�»�F�2Á��½N

¾8Zª2Þ�GH:;���DE�"�P4�"�i�M�½P¾À 1��

234�:;���DE��Få1�� !"FL�1��2DE��ÅÆ¡

Gradient Vector Flow�½Ö¾���1��234�DE��UV�	:;����

��×�½Ù¾���FÚ�����@0�

 

 

 

 

 

 

 

 

 

 

 



3 

 

����������������

�	
��	
��	
��	
�����

 

 

�������� ������������

Zª�2Þ�345,~:;���DE�����TU@�cUV�_¸S+

jUV0gÅ1�TU���¸��	��ür��¸¢ú��L��¸£°ÑÂÒ

��«¬ka�TUp¸Q0r��s3å1��	w0h�}�Å1�P7¸¤�

pPª¥¦§��	�ü¨��§©§�E�ÑÂÒ� �̈@��cGHUV�:;�

�S+�\]0�

1¾8Zª�:;���DE�"4>ªPHqTopological ThinningrDistance 

Map$ Voronoi Diagram�«� Topological Thinning$ Distance MapJ|H���ô

«ç�����d���@�ô«��@��¬�NO2&ª����6�÷ø

X8-connectedY�	
ÂÒ��ï?Voronoi Diagram̂ �Ògç����U_¸`a

8de�f<=dô«ûü�S¸®ðñ��1ï�öEh�0ª8�JPH��

E¯°��À 0 

 

�������� ������ !"#���$!%%!% ������ !"#���$!%%!% ������ !"#���$!%%!% ������ !"#���$!%%!% ����

Topological ThinningDE�±² Boundary PeelingDE�� Onion PeelingDE

��J7DE��ÅÆ&'�ÓaSé�6³6³�8�	ðñ�ïªb´�Uµ�

s/ªbï�¶·®d¸ª��ï*���¹º»0 

�ªbï�Z[��VW¸O°�	�Ò�AXconnectivityY$¼½��

XtopologyYU�¾¿��S+U��J|ÀÁÂ ��ï�±² simple point�¹



4 

�ÃÄ�Å=b0b!a�@_¸ÆÇUÈ\ªb´�	ÉÊ�ï�Ë»��Z

i���S����4å��	����op67de�f�4�p¡ b��	�:

;4����UkÌ!�p¡ o�Í^��ÎZ���U�Ït����×0 

�� Topological ThinningDE���dÂn�|����i)TU�Ð:��

£Ñ�d����×6M�ÑÂÒ��0L�Òµã7ï�Í�=b$8�=b

�ï=bJ|7¶·+,��7ü/�W���LM-ú�ï7�_¸ÓÔÂn~

�7ü�J|7¶·�1E)��!+�~��*cs�pP3� Topological 

ThinningDE��uv0Sonka, et al. [9]34�áâLM� Topological ThinningDE

��Õö46ÖÒµ4~7�=b�ï����8Jjï=b´�V7@£Ñ=b´

�ïU� �Ò�A$¼×����!�-Øi�öE��W0 

 

 

��
 1�[9]��� A ���	
�Topological Thinning��������������������������� voxel  

 

`a6H4� Topological Thinning�DE��C���ÙÚXstructure elementY

�Ûâ erosionF dilation�æ�çè�Xmorphological methodY[11]���J7��

;d���²�æ�çè��Xmorphological skeletonY0æ�çè�@�áâLM�

$ Topological ThinningDE�g-�UV�æ�çè���tU�ÑÂÒ��UZæ

�çè��C�IÜ���ÙÚ��dÑÂÒ�����ST�d�æ�çè��



5 

�×��áâLM� Topological ThinningDE���d����×4�0�

�

�
��

2�[14]������ ��A �����B��C��������	
��������
�  

�

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

Distance Map�DE�ÝÞ�ß���	Ûâ Distance Transform�öE4ã7ï

�óôàXDistance valueYB�C��A�Iá�:;��)�ï�]^qopÏ

âóôðñgã�óôà���g-�ï�ä8JjïÂÑÒ���>���0G

HUV�óôàDE��+,~¿å��ÏâUV� Distance Transform���ö

Eóôàq!�£M�æïXsourceY�öE�	�«¬ïØ�æï�óô?��ð

ñ�Å
�öE�	�ã7ï$gø�ðñ�óô0`a67����×+,- �

�UVjL�öEóô����	
�ò�óôXEuclidean distanceYöE�Wçè�

�5hiDE��uv�t���«¬öE�W���óôöE���éê�E4ø

�ò�óô�à�Jj��+ 2D� 2-3 metricr3-4 metric�3D� 3-4-5 metricww�

UV�óôöE���®�� �d���ï��	��)ë���gBöE4��



6 

���×+�UV0 

ðñ�Å
�öE4�ò�óôà�ã7���g-à�ìP)�-��

�g-éêë�ë\XPO !�éê_�_\Y�g-�éêëU�íî�«¬�é

êë��p×J7éêë�ë\=>�®.)Ìë8�ïÈ£°¸��	j�0M

�)�+�g-éêë�ë\*����ÎÏÐ�S�_¸ä8ðµÑÂÒ�¹Q&

>��0 

 

 
��

 3���������� 

 

GHUV� Distance MapDE�`+67,-�UVjL���pP8ñ�Ï4

�G7��)�ÎÏÐXcandidateYÑÂÒ���&>�����0Niblack, et al. [10]

MN5 Distance Map�� saddle pointE�Ò�ÎÏÐ�ï0ò Distance Map�~7

ï�÷øï��Òc4óóôà-�Ìï�óôàróôÈ�Ìï�óôàr�c±

�-�Ìï�óôà�JHï���Q�saddle point�C�J7MN:;4saddle point

B�D�C�J4ï�IA8���g-àÒ����d��0�

6Z� Distance MapDE�-*��4� Niblack, et al. [10]����;4��

�g-àE�ÎÏÐB�äMN4ô^Iá� saddle pointE�Ò�ÎÏÐ���0

Bitter, et al. [2] ̂ õ^��5GHDE��:;���ÝÞ���W���óôDE

�öEã7 voxel�ðñ��öò�óôB�ä�ã7 voxel$÷ø÷7 voxel�óô

à�\�öE�
\]ùWXcentral difference gradientY�Óã7ï�ùW�3ä4

67ùW@úûüXgradient vector fieldY�jBäC�J7ùW@úûü	4���



7 

ÎÏÐ�!����Ò�ÎÏÐ�DE�^¯�/�0J7DE���5ùW�ø'�

�1��234���+4�jL��½P¾�+¯°����0 

 

 
��

 4�[2]����������������	 �
����������������
������������

 

 

�+�+�+�+ ,�-�%�!�&!# -#.,�-�%�!�&!# -#.,�-�%�!�&!# -#.,�-�%�!�&!# -#.����

Voronoi Diagram�MN��ù E� RN��+Ð]^Xfinite setY�p� E��ú

6ï�^� p� Voronoi Region��ú6ï�Ø p�óô��úP67«¬� E]^

��ï�óô��ø�æ�����h�q 

 

)},(),(,{)( EmdpmdRmpV N ≤∈=                   �1� 

 

 
��

 5��������Voronoi Graph 



8 

 

r% 5�Ôó�Å Voronoi Diagram"F����ã7ï�ØÌ����

1ï�óô�gø�*)�ï^Øgø�|7�1ï�óô�ÂV��J7Iá��

�)�ï6�0D.T.Lee [8]Ñ{5~ðçXpolygonY������û~ð&�ã7ð

� generalized Voronoi Diagram� subgraph0Ó�~ð&�ð�Òg�XcontinuousY�

-Y"�DE�*���	�ðñ®�1XsampleYï�ä���1ï� Voronoi 

Diagram�:;����!�1ï®��æúD�®�� �d�×0p×�1ï®

����Uü�+�Q�¾¿����4��¼½��0% 6� Attali, et al.[1]�DE

���®UVæ»��1ï��d����×0�

 

 

��
6��a�����b�e�������10�50�100� 200

������������ �
�

f
����������	  

 

�� Voronoi DiagramDE��Ògç�:;�������� Voronoi Diagram

�:;����ý¸��ìP)�Òg��	�M�)�� Voronoi DiagramDE��



9 

d�����ÑÂÒ��0L�ö)-Y"� !*�+����R�d����4

�)% 5� f È%��þ�ÁÂ4-ú/��"¯0_¸äÕöDE�mn�8U_

¸�"¯�´�L�"¯�DE���û��ÉÊ�Y"@nE"¯6��´�J�

Õöªb"¯�DE�¨©���0̀ a�� Voronoi DiagramDE�:;PO !�

��7����d-ú�ám�&>/�����3�BgLM�¨©W0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



10 

����������������

 Gradient Vector Flow ��������������������������������

�

�

�������� Gradient Vector Flow Field��������

�½N¾3d� Bitter, et al. [2] DE����5 Distance Map�3467ùW@

úûü��C�!ùW@úûüÛâ��ÎÏÐ�:;��E�Ò������0�

�� !� !êF����Chenyang et al. [12] 345 Gradient Vector Flow Field 

(GVF)��8 !<=>@ú�de�E�:; Active Contour [7]X±² snakeY�

aR��01��2��8de�f�Z GVF�LMB�C��d� GVF Field�Û

âjB���:;¶·0�

GVF�MN�67@úûü v�v(x,y) = [u(x,y), v(x,y)]����ªm�Qú��

Xenergy functionYgÈå0J7~¿úXvariationalY�Qú��_¸��67	


�å^�nåæ !+de�7Î��d��×VW�á	�XsmoothY0 

 

 dxdyffvvuu yxyx

222222 )( ∇−∇++++= �� vµε              �2� 

 

�°��À J7Qú��jÃ�̧ ÞÀ  GVF�ÅÆ¡edge map0Chenyang et 

al. [12]�� f(x,y)��� edge map�f(x,y)�Ó ! I(x,y)�öE4���ð�A
��

 !��ðñY"�+�-�æà0Edge map+P7� GVF�¬,s¸�Å1A
q

ÝÞ�edge map�ùWXgradientY f∇ �@ú�@ðñ���øðñ���@ú�Ø

ðñÑÂ�®�L�ðñ�m@ú^��@ðñ��
Y"�J6ï�1¾jB�D

E�ý¸�C�d�A
0«Ö�ôðñ�óô�ø�Jj@ú�@úà�-0gB�



11 

�V
A�XhomogeneousY���� f∇ �@úà�ø��0�

���"#J7Qú���n f∇ �à,È7�Qú�Ó�@úûü v���

"�á�$�×�9:��×��d¿åçè��?n f∇ �à,-7����½

N�9:5�"��×��T�� f∇=v 7�dgÈà0J��Õö��n edge map

�ùWà,-7�v ì���ùWàÂw�L�V
A�rùWà,È����v

�¿å�,çè0Üæ����9:���½6�$½N�jü�snì�_¸- 

!����XnoiseY���-È�n���~7��àÕ��-0�

 

 

��
 7����Gradient Vector Flow Field��������	
���� 

 

������������ �������� GVF���	
����	
����	
����	
� Graph����

GVF�IA�ðñ�éY�øðñ�����+�ðñ�ø�®ST�@��ô

ðñ�@ú�ôðñ�ø@ú�à�-�ôðñ�ã^@úà�È06Z¸� !"

F� !���M�ðñ�#þ���¸:;����	� !�@�#þ��

��ä8! !Ûâ GVF�1E0C�J7IA�öE4�� GVFde�ã7@ú

��@8�@�ü�@��&>6�4�% 2-a�ùW@ú !�Jj@úgB��

d�	��ü�@�����)ë0 



12 

öE4 !� GVF deB��®�¶·�8 !<=> graph�LM08<

=ZB� graph²�G�6Z graph������G=(V,E)�Vê��� graph�� vertex

XïY�Eê��^� edgeXðY0� graph G�m�ï�æ»� !�)�¸:;�

���	éY�ï�æ»�ð^�C� GVF�de�3ä0NO !�2&�o�

C��7÷øï��7	
@ú��� GVF de�ã7ï�@ú�@¡ã67@ú

*®óôÌ@úgø�|7	
@ú�ê�ð0@��¬�ã7@ú*��|7	


@ú�����ã7ïg~+|7@aÒ�ðXOutEdgeY0��	é�ã7ï*Û

âJ7¶·���û GVF�de<=>6�Óï$ð��>� graph G0 

 

 
��

 8��������������	
���������� 

 

PO !�"F��Y"��/��ò¸�� 267÷øï�öE�¸">w

"��-È�hiöE)�/�W0��®�����"��qÝÞ z��Å


�"� zà�l$ zà���|��ä8J|�"�pNO !������ä

45W���">)ª|����"� 32�0���-� 45W��g�ø�@ú

+P7���È� 45W��g�ø�@ú^+Ö7��>"�B���$NO 

!ÂV���8PO !<=> graph0 

�ZJ7<=ZB�U¤�NO !��PO !�*�&>6�	
� graph 



13 

G��!jB�DE��U_¸`aä�NO�PO�UV�LM�J�û !<=

> graph��ï0 

 

������������ ���� Graph Algorithm������������������������

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

��� graph�G��+�@ú*�@�	��ü����	�
�~j��

�+�é�@ú*�@V67ï���é�@ú&> loop�S � ! "�<= !

� graph�DE����ã7ï*��@a��ð����é�@ú*�@V6

7ï�2&ª@�&> loop0�� loop������ graph�m+ Strongly Connected 

ComponentXSCC#����ST SCC�)ëkÌ�)� graph�ü��0 

C� graph algorithm�:;4 SCC���d% 10��×��þ�Y"���

� SCC�r%��$4 SCC�4ó���%ø�)ë��!ûJj;4�� SCC

E��jB:;������ÎÏÐ0 

 

 
��

 9� � graph G
��������������������������	
��Strongly 

Connected Component 



14 

 

��
 10����	
������Strongly Connected Component

�

 

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

:;d SCCjB�C� SCC�ïE����ÎÏÐ��c�¸;4�8Jj

ÎÏÐÑÂÒ���&>�����0Ó� SCC���� graph�� loop�p×8Ò

� SCC�ð*& �́��r67ÑÂÒ�� graph¿>~7Uí' loop������

Xtree structureY0ò67�����+æ7 SCCï�����(Õ�������

ú|7 SCCï*��6T��8¬µÑÂÒ���0 



15 

8� graph GÛâ transposeB� graph��� GT�^� graph GT��@úÓ�@

�	��
<��@�	�ðñ�% 11�$4@ú*�@�	�ðñ��Ò�|

7 SCCü�g�������0�

 

 

��
11����	
�SCC����	
��� SCC

������� �����������
������

�

� graph GT��ã67 SCC� Breadth-first search (BFS)�):�����m�

+�ï�p×;d`a67 SCCB�8��XpathY*¼���	����0���

������;d����g����0% 12î�ÓjÃ�d��+ SCCïÛâ

BFSB:;4������þ�Y"�:;4�������ÑÂÒ���ÎÏÐ�

��0 

�>��ÎÏÐ�ÑÂÒ�B�ª67¶·�rÓ���ÎÏÐ@�	�ðñ:

;Ò+ðñ���0 

�



16 

 

��
 12����	
��SCC�

��	����� �

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

�ø,���IA�Ôód�� graph G����)�ïkÌ�,¸+P7

�@Ìï�@ú�h InDegree�,�P�P7@ú"������|�Óðñ�@�

��@ú�FV���)�ï�67�@¯�ø�	�ü�@�@ú08�+

InDegree-�P�ï	4�jB���dpV% 14 ��×��þ�ïê���

SCC��þ�ï^� InDegree-�P�ï�,{î���ø,d���IA6R��

þ�Y",�ø������íî5Ò� SCC�Y"Fr SCC@aÔÕ�Y"0�



17 

 
��

13�� graph G�������
���������������
	����
����� �

 

��
14������SCC������ InDegree

����



18 

��8 SCC�ðªb´B�graph>�~7-ä�����0� graph GT��ã

7 SCCÛâ BFS�):������ã67ï�� BFS��ÉÊ�+æ7²� Tree 

Leaf�ï�òJjï)��	�ðñ)ë�D+�Q�Ò+ðñ���0Å����

IA�Jjï�óô Tree Root�ã�ï��+�Q���)�ï0 

�!8ã7ï� InDegree.�Ýcj��ûÒ+�	ðñ��� InDegree�á

/àÕö�Üæ�SÏâ��� InDegreeá/à-�ÌÜæ���0ÏâJj���

g�������0�

C�J|7TU�� graph GT�rã67��ÎÏÐ@a� BFS:;@aÒ�

ðñ������d% 15��×�@���_¸�����0�

 



19 

 

��
 15����	
���������� �

 

������������ ������������

�M1¾�3d���DE���0148 !<=� graphB�C��:;

���TUq�

1. Strongly Connected Component�)���)0 

2. |7 SCCüò+�����V�|ïü�g���0 

3. ����)�ï�@ú+6M2^�3�Ó!�4�4@aÔÕ����á



20 

/��@ú0 

4. @ðñÔÕ�����óô SCCgã���0 

���DE���ªm��[%���0�

 

��
 16����������� 

 

 

 

 



21 

������������ 

���������������� 

 

 

������������ ������������

1¾8æHUV� !���½P¾�34�:;��DE���×î��U

V��	)*+U5��×0DE�� Visual Studio .NET�������Üæ8}

�UV� !i¬{0 

�NO !�Y"���5U2^�~ðçr¤��	�F��/��$%&

�������PO !�Y"�^8�ä�	$"��-5 !E���de0 

 

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

NO !��×+PH�L1¾8S�«�|H�¬{�U2^�~ðç8S�

����×0ÝÞÞ� Sç�¤��	Ûâ���:;�% 17�í%�å1��	�

õ%�í%�Z GVFB !��� GVF��×0GVF� !��6�Y"��@

ú�à�-�7�Y"^�@úà�È�Y"0% 18�8 GVF� !<=> graph

B�:;4�� SCCF InDegree-�P�ï�"��þ$�þ�ï���0%

19^�g8����×��þ�Y"�8 SCCÑÂÒ������þ�Y"^�@

aÒ�ðñ���0ÜæÕM�Y"�@a:;���á/ InDegree_-� 3���

¹�ÅÏ®0 

Sç�	:;4����~� !üÑÂÒ���×��«&�������

��
�Y":;4-ú� SCC�S+�gÉÊ�Y"¹��@a:;�ðñ��

�0 



22 

 

�
��

 17������������ ��������GVF�����	�



23 

�
��

 18���	
������Strongly Connected Component���	
� InDegree
����



24 

�

��
 19�����	���	
�� SCC�����	������	
��SCC

������� �

 

�ª��$% !�6�"��$% !�V��Z GVF �LMB8 !<

=> graph���å1��	&����/���$d% 21�SCC�)ë$ InDegree

-�P�ï�)ë*�~ST/��~�V7@~5,~s���ï4ó0L��%

22��×����)ë���l|��UZ�$%�í)���+|TÈ�"¯�

+Å:;4��n�J7yï���gB��������0 

J�%@aÔÕ����á/ InDegreeÜæÕM� 2.990 



25 

�
��

 20������������� ��������GVF�����	�

�
��

 21���	
������Strongly Connected Component���	
� InDegree
����



26 

�

��
 22�����	���	
�� SCC�����	������	
��SCC

������� �

�

�ª�^�U2^~ðç���	&������DU`a~�¬{0�

�



27 

�

�



28 

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

Ó�PO !��"F��+�y9���d��×Up:;01¾Sî�

67PO !:;����×���:;����	�6��&�ä�	�h% 23

�í%�% 23�õ%^�:;4�����×0�

� �

��
 23����������������� �������������	

�

�

 

 

 

 

 

 

 

 

 



29 

������������				

�
�����
�����
�����
����				

 

 
1��234567Å� Gradient Vector Flow��<= !> graph�ý¸}�

graph�LM���DE�0Gradient Vector Flow�DE��./8 !)�de<

=>+��ùW@úde��C�ùW@ú�de8 !<=> graphjB�DU_

¸I�}�NO !$PO !�UV�LM����6������d !��

����J7DE���DjL0 

L��PO !<=> graph�Z[��"FPOûü� 327���R+�

�ÅP7	
@úí<�+��^�ÅÖ7	
@úí<�SU�6R�@úæ

»�J��ª��Òµ)��>¨=0p×�Õö¯t�"F���ã7�í<

�@ú6R��jB�Òµ�¯�
|0 

«¬�ef6��@aÒ����ÉÊ���?+ÂVóô�ï+~7��Rg

B�ÔÂ��«>�ó���+;dt����¥OJ7ef0`a�½Ö¾��

��×���$4+?�9:¸:;~�@����×���$%�%&��

�+��U0���ó��pPi�J�9:��Ú�@�jB�Ag�BR�Y

"0 

gB�Ó�DE��~j��_¸C�Üæ�9:��+67Ït���ÀÀ

m�h7¾¿Üæ�î��×���:;���Z[¯�+uv0 

 

 

 

 



30 

���������������� 

 

 

1. D. Attali and A. Montanvert, “Computing and simplifying 2D and 3D continuous 

skeletons,” Computer Vision and Image Understanding, vol. 67, pp. 261-273, 1997. 

2. I. Bitter, A.E. Kaufman and M. Sato, “Penalized-Distance Volumetric Skeleton 

Algorithm,” IEEE Trans. Visualization and Computer Graphics, vol. 7, pp. 195-206, 

2001. 

3. H. Blum, “A transformation for extracting new descriptors of shape,” Models for the 

Perception of Speech and Visual Form, pp. 362-280, 1967 

4. E.A. El-Kwae and M.R. Kabuka, “Binary object representation and recognition using 

the Hilbert morphological skeleton transform,” Pattern Recognition,  

vol. 33, pp. 1621-1636, 2000.  

5. Y. Fridman, S.M. Pizer, S. Alward, E. Bullitt, “Extracting branching tubular object 

geometry via cores,” Medical Image Analysis, vol. 8, pp. 169-176, Sep. 2004. 

6. H. Frimmel, J Nappi, H Yoshida, “Fast and robust method to compute colon centerline 

in CT colonography,” Proc. of the SPIE, Medical Imaging, vol. 5031, pp. 381-387, 

2003. 

7. M. Kass, A. Witkin, D. Terzopoulos, “Snakes: Active contour models,” International 

Journal of Computer Vision, vol. 1, pp. 321-331, 1897. 

8. D.T. Lee, “Medial axis transformation of a planar shape,” IEEE Trans. Pattern 

Analysis and Machine Intelligence, vol. 4, pp. 363-369, July. 1982. 

9. C.M. Ma and M. Sonka, “A fully parallel 3D thinning algorithm and its applications,” 

Computer Vision and Image Understanding, vol. 64, pp. 420-433, 1996. 

10. C.W. Niblack, P.B. Gibbons and D.W. Capson, “Generating skeletons and centerlines 

from the distance transform,” CVGIP: Graph.Models Image Process., vol. 54, pp. 

420-437, 1992. 

11. Tun-Wen Pai and J.H.L. Hansen, “Boundary-constrained morphological skeleton 

minimization and skeleton reconstruction,” IEEE Trans. Pattern Analysis and Machine 

Intelligence, vol. 16, pp. 201-208, 1994.  



31 

12. Chenyang Xu and J.L. Prince, “Snakes, shapes, and gradient vector flow,” IEEE Trans. 

Image Processing, vol. 7, pp. 359-369, 1998. 

13. Y. Zhou, A.E. Kaufman and A.W. Toga, “Three-dimensional skeleton and centerline 

generation based on an approximate minimum distance field.” The Visual Computer, 

vol. 14, pp. 303-314, 1998. 

14. Y.C. Hsueh, Mathematical Morphology Lecture Notes, chap 5, pp. 109, 2004 

 

 


