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Abstract 

The linear  features on most  kinds o f 2D geophysical dat a 

generally provide impor t ant  info rmat ion to  help t he geo logical 

int erpret at ion.   Fo r  example,  t he r idge and valley axes,  o r  t he edge 

o f linear  cliffs  within an o rogenic area can reveal t he direct ion o f 

crust  defo rmat ion; t he reflecto r  lines on a seismic pro file  can show 

the contact s o f t he subsurface st rat a; t he lineament s on a sat ellit e  

image generally imply t he st r ikes o f linear  t opographic features o r  

t he contact  o f different  rock types on the surface and the abrupt ly 

change o f gravity o r  magnet ic  field  are usually t he edge effect  o f t he 

subsurface vo lcanic bodies.    

In most  cases,  t he linear  features are ext ract ed manually by the 

int erpret ers.   The drawbacks o f manual process come from the 

t edious line t racing t asks and the result s  can no t  be always object ive.   

So  far,   some automated line ext ract ion processes had been 

developed fo r  dat a like seismic pro file  o r  digit al image.   In t his 

paper,  t he autho r  const ruct  a  general processing procedure fo r  all 

k inds o f line ext ract ion on 2D geophysical dat a and design a program 

ALEP (Automat ic Line Ext ract ion Program) which can be employed 

to  accomplish many kinds o f line ext ract ion jobs,  including the 

features on topography,  seismic pro file ,  d igit al image and magnet ic  

dat a.  
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 b¡T¢ �#ybz�_Ï � (20 k È ¡ �	z-� wV� )  . . . . . . . . . . . . . . . . .61 �

4-8a <�= �b`u¤ » ¿ ; j »Xº �� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .63 �
4-8b » ¿ �T��Ç ¸u���bd	2�3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .64 �
4-8c » ¿ �T� � ybz�_Ï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .64 �
4-9a §©¨)È	ÉÊ �#�-Ë Z `b� ybz�_Ï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66 �
4-9b §©¨)È	ÉÊ �#� ��Ì ���u`b� �X� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67 �
4-10a §©¨	ª�« Ý �b[ �	Z `b� i�j ¼ ��m� . . . . . . . . . . . . . . . . . . . . . . .68 �
4-10b §©¨	ª�« Ý �b[ �	Z `b� ybz�_Ï � . . . . . . . . . . . . . . . . . . . . . . . . . .69 �
4-11a §©¨	ª�« Ý � �-Í�Î_y ��m� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72 �
4-11b Ï � ·XÐ � � 3-D �	Z `b� ybz�_Ï � . . . . . . . . . . . . . . . . . . . . . . .73 �
4-11c ¨ d	Ñ�Ò�CXÓ ,�. � ybz�_Ï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74 �
4-11d 

Ñ�Ò�CXÓ	� u	Ô [ ybz�_Ï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .75 
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Õ×ÖÙØÕ×ÖÙØÕ×ÖÙØÕ×ÖÙØ
 Ú �Ú �Ú �Ú �  

RTSVUXWZY\[T]_^T`ba_cbdXeZfXg#h�ikjmlZn#oV[#`\prqXsut
vTwTxbybzT{}|m~#� � � `b�\�r�V[u�}�}� y � �T�X�T�T�b�T���
�u�}�X� lZ[# b¡T¢ ����©X«#¬T lZ[#®b¯ yVÀbÀ����-ÛDÜXÝ ÞZß
[ Ê ²_ËuÌ y_zu{b| [ �Xy	; ³_´XtTüb`Ùp#Ä_ÅVõböm[ w Ì�Þ �
a b iàß�á	âòñå�T¸ ybz�_Ï���� [ ^�H�ä [ �  

A ]u^V��[#� Ò#Ó ybz�_Ï [ ^�H�a b ð�ã)�büåä w�� + Äbç
ä Êu{}|	A eZf\�r�-æ v�ç�A [#cbd���� ; `\p-R-S � ] � ,�.�è
{}| [ZYVì . S v U	V �	é ±�êë � � � v / y ÐbÑ �_Ïb{}| � �
y�� jml w�� ]�ì#ô	íVeZfTï_Ì_[ ¦�B g#ë #Dî [�ï	ð i L� ô	~
{XeZfTï_Ì�� / Ú u � v ¤	��ñ v `b� � Y�T ¬T	;u�u�}�X� ü>
ò Ü ñå�T¸ ybz�_Ï [ wó ��� �  

1-1 ôKõ�ö÷	ø	ù�ú�û-ü-ý-þ-ÿ��������ôKõ�ö÷	ø	ù�ú�û-ü-ý-þ-ÿ��������ôKõ�ö÷	ø	ù�ú�û-ü-ý-þ-ÿ��������ôKõ�ö÷	ø	ù�ú�û-ü-ý-þ-ÿ��������  

1-1-a ���-ö÷���-ö÷���-ö÷���-ö÷  

t��rSu`b�\�r�V[ ybzT{}|
	�� �}� � �T�	;_�	Z `b� ( �T� )À � Ì �Ô£ t���b¶V[Z�u�_�}���ãS P�Q��TÈ j � º Ð ´b[u��� �� ` � g�� Z ¶V[Z�u�_�}� ����� ö � ~��ãS P�Qb�	Z `b� � �
����� Ë}`b�b�V[ ybzT{}| Su`\prÄbÅb�V[	R-S 	�� ä w�� S���
¶_�}�X��� v �}� �#�T�\~#� � º � Ð ´ � �� � ] � S�� Z ¶_��X��� v#�T� ±u²Tðu°u[�� ZZ� i vT�	Z `b�u±u²Tj ¬ � [ �b�
�
� � v#�T� / y [-��u� � ðu°u[-¼���½D¾�i �bvT�	Z `b�b� Ã��
� �}�V[� �! �  

v §©¨	ª�«)¬ ` v�"� ª Ý �b[#`b�_ü> (
�

1-1)
i Ë_�T[ ¬ �`b� v �X� � �b�u¾_[u���Vü ^ ¿�iÍ���X³�#�$ ~ ª�%-È	É ´ �

& ß x �}�u[ ybz �� i ð vu~#� îã�X� � � A Ë_�T[��� � º#É
5 È�ª�%  É ³b´ �  
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 �
1-1 §©¨	ª�«)¬ ` ;	 ª Ý �#`b�X�u��i(' Ü�)�*�+ ñ-, ª Ð �  

 
A �)�ò`Ù� Ð � i Ë��.� 	 o + �� [�/�0���1 (Okinawa 

Trough)
i ª � [�2�3�4 � (Mien-Hua Canyon) � Þ�5 ¬ Ë (Chilung 

Shelf) � Þ�5 � � (Chilung Valley) ; É � [ º	»�¬ Ë ( I lan Shelf) � É
6 ��7

(Nanao  Basin) À W Ì `b��8�9 � ð v�: î�ß x `b��8�9Xl#�� À [T`_� y � ¦ ±�;�ikøVç_`_�m�u[ �_� Wbü Ü ±X[ ��Z-À `
�
i � /�0)��1	{)ì Ì ¬ Ë�C}[�Ë Z `b��i v; 2�3�4 � � Þ�5 �� [ �_�mÀ_À��-� Ë�<\° Ü�ÝVÊ ²�ß xV�)Z `_�	æ_�X¾V[ yuzb{
| i>=_ð�?}¾T`b���_�T[}U�@Tõ}ö �  
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1-1-b A�B�C�D�E�FA�B�C�D�E�FA�B�C�D�E�FA�B�C�D�E�F  

Y�T ¬b â�G�HmW ¦DB�I�JX��KML [ �N (pixel)
æ�Ob¾�i jb�

^�H [ ybzT{}| ü I�J R�PrÚVü Ç�Q [#®b¯ y��kvZ©X«SR�T �b`b�
¬T ü> (

�
1-2
i G ñ Koike,1995)

i ¬ � ç �N k I�J [ ^�H��SN
	�� ä  

(1)  ̀
b� �SN äVU�â-{�Wb¡ )�*#É�5��TÈ [#`b� � i�j�Wu¡.XMU ¹ iáuð vP�Q Ú Ç [# b¡ i A Y�T ¬T lÛ�u¾ I [ �N��  b� iZY
)u��)Ty G h X J Wb¡b�b`b�	~}ÚVü�[�\ � Ë}ô �SNT£ t ÿ�]�J�b·�^bU_[u�}� �#�T� ¾uü Ü ±_[#®b¯ yV� ø ybz � Ü ±-� J á
á Â�)�* Wb¡ Ð ´ (azimuth)

[ ¬ � Ú_Uòi ³b´{ )�*#É�5��TÈ [
ybz 9TÚVü é ± �  

(2)  ̀
b�b¶\p}[ �SN ä � `b�\pr`V[ ¦�B©P�Q [�_u¡ (scat t er ing) ��)y�`�a (abso rpt ion) À�b � à}ð ÿb©X«#¬T	P�QT¦�B [ I�J i ËTÌ
b � P�Q [ # R I�J ·Z¸bÚ ¦ á )�* Wb¡ Ð ´b[ ¬ � �ùv `\p �
� [�X J g#h�i � Ë_g P�Q [ I�J ·Z¸�iù�b�V[ £ t�âT`b�bµb¶
[ ¦�B iÍg#j I�J [#®b¯	~T�b� ¦�B µT¢ A `b�V[b¥ �by �  

wó g#h i A `b� ]�J ·Z¸bÚ_U_[#`X� I�J)^�H á#`b��c�d � g A
`b� w�e �	~_á#µb¶V·Z¸ ¬ � Ú_U � � � 1-2 � æ T R  ü_�b� i
Ü \TR�PT[#®b¯ y Þ � �uR � Su`b�b�V[u�}� �#�T�
�$��� L 4-3
f 9 v ËV�#ü> �_Ï j )}¬ [#®b¯ y �  
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 �
1-2
Y�Tb¸ ©X«#¬T � �Vg G ñ Koike et  al. ,  1995 h  

 

1-1-c i�jSk�l�m©ú�n�o�p�li�jSk�l�m©ú�n�o�p�li�jSk�l�m©ú�n�o�p�li�jSk�l�m©ú�n�o�p�l  

�V�b�m� âqGuWSr A Ô C�s�t ( t ime ser ies)
��u J [ w ^ �_�

q ² � l Ï�v g#¾ � jT��^ Ü ±_[ ybzT{}|V£ t�â�Gr`T¢ �V� [# ¡bq ²�w ´ l t#�u¾_[# b¡T¢ � i � � 1-3
æV²}� �u�}�X� �#ð :

îMHmW}ð_°uüT u¡b¢ � � yuzb{T|��Ã�_� [ Þ � �	��â�GZ`u� ( �½ � )
� 5�P)Quw ë�x�y J � ��Á	Á.z i Ë Á.z ¬�{�|S} ç Ì `b¢

Ô i «�~ °�����G#`u¢m[_¥ �\�  _¡q�}`_�mg�G��
� i v#É�a u
J���� Ë w rud��u[ �	Á u J ( t race)

i â�GTW Ì {�Wb¡ ÁqzXÁ �uÌ
� � ø Â�Ã Ô C ¦uw [ Áqz�#�� g#¾ �  
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 �
1-3 �u�}�X� �r�	��>  

 
î���A ���_[ �_� �	�òl}úZë�H\W �SN i � Y�� g q �Í�	Á��¡ �Z�  b¡ �>� ¡ Á_À i ÿ æ��\[#q ² ·�� <��X��� g +-H\W����

+ ñ�8��T`T¢u b¡V[#q ² � ß x�� g [����_WrY_ð�G Á_Â [ �u� ef��bd�%�� i v � Ò i A Ë ¦=)Í W ��O � ø �-ÛXv / y � Ã  b¡q ² [ l tb³b´ i ~�â��-ë ��� [ ¹ k �  

� hb��i �_�T�\� �X[} b¡T¢ � �b�V[�âT`T¢ �V��� `b�V[ #
R Í�J i�<V°�, Ý U	V Ì ñV[# b¡bq ² �V´ w � / 2b¾ y ~bð v ±²}çb`T¢X[ Í�J ·Z¸ ;�����À � � gS�-ë ÇXA �r� i v U	VV[ ä Ê{}|�� â-{�Wb¡ Áqz�# � [# b¡bq ² �  

1-2 ����ö÷����� �¡�A����ö÷����� �¡�A����ö÷����� �¡�A����ö÷����� �¡�A  

A + ÄbçuÌ ä Êu{}| [ z�¢�� ¾ �©; `\p-R-S#�-µ�i ñå�T¸ y
z�_Ï [��s Ç�Huw Ì ÜXÝ [ZYVì�¿ Ñ i v = . ¶V[�U	V ä Ê k �. �u[�£��}çXeZf k â�¤�{ ä Êu{}|	# � �  
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w�ó g}h�i$
�¥Xü§¦ yuz�¨ã{}| i £ tr�_²bË ä Ê�A�����© ³
´#� z�¢ ·Z¸bÚ u i ø A��TÈ ³b´b[ Ð ´�~bë}Ú Ü ±_[b·Z¸ g�� �
� � ¼ � h � Ë wT{ k ÿ � yuzb{T|�ª�� � © S_]u^V��[#�Ùl�iÔø
A U	V Ô�« Ç#w Ì�¬ $ �TÈ S_j_³b´b[ w ^ �X� �#ð �� Ë}ç Ì UV)WZY Þ � �uð v �	!_ü�8��_[ w ^	WZY � ø�® w Ð ��� ü��-ë�¯
÷�°�± ybzT{}| [b³b´�i � Ë�y�²�9 w ^u[�WZY A eZf k � Ð ö\WÐ ´b[ �	� �kv ¤	��ñ	?	@ vTw ^ �X� ü Þ�³ ã�´�	!V[#çTï ybz
{}| U	V)WZY�i v;b�-Û ö\W Ð ´b[ w ^U�Y �  

1-2-a µS¶�·�¸�¹)ú���ºµS¶�·�¸�¹)ú���ºµS¶�·�¸�¹)ú���ºµS¶�·�¸�¹)ú���º  

v Ñ�Ò k [�» J g#h�iÍ�}� �#�T� [ w ^	WZY . S��Xt�8�� älM¼ k�¹ S�ì w Æ_ü_�}� � h S�ì w Æ_ü �T� � ø A Übüu[ ybz�Ï õ}öòl�i½�-ëV[�^�¾ ä [�â-9 w ��� � � � [ / { �_yTÏ î�i �3 w �}�}� y [�¿���À\g_î �uw-w�Á [ À ��iÂ�-ë ¦ ��Ã�RVl � Ë
/ y�� j�C}[�ï	ð A SVÜbü�Ä � Ô ¦ ø�Å	} w Ú_U_[ �X� » J�Æ Ä� �}�
i B Ô á���Ç�;#Ú_UVeZf� �!�� ybz [ / { ¶ �  

® w Ð � i � ÿ â w Ì ���}��?�È�¯SÉ	��¯ w�Á [u�}�
i w�Ê
Ñ�Òb¸�µ�i � ü-Ñ�Ò k ¦ ðu°�Ë�â�ÌrS�Í-�_[#� y �
i S�â � ü-ÑÒb¸ P�Q [�Îu¶ w�Á í Ô ðu°Xî �}ÿ �}� y l ���� Ë�� ÿ �-ëuR`b�\�MÏ�+ h £ � C�Ð Á (spat ial low-pass filt er )

i ÿ �_`b�V·Z¸bÚ
É�5 ÜTÌ�0�Ñu[ � C�» J i8á�¯ ÷SÒ�Ó	/ yb¦ ��Ô ¦)î [Xl ���  

A	��� lM�-ë�Å	} + È#É ��yU�Y �X� [ ÐbÑ gÖÕ � 2-2
f hv Ä , Ë�×MØ�i ÿu�X� y#S ��Ì Ñ�Ò k i ��Ù�H\� Á [�U�Y_ë w�"ì k [ <���J�� d_hT�
i w r\�}� y�A Ë ÷ U�Y_¤-9�G�ì�t v �V[ä Ê k �b��iÂ^�µ�Ú�G / y �bdV[ a b Ê ;�ß�Û À�ä Ê k |�Ü�^bð°u[�8 w / y��Ý" S �T� [�U�Y�i A	��� l Þ � ��Þ-â-9b`b� ¹©h -c�ÚTö\�}�U�Y\gVê �  
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1-2-b ß�à�����ú���ºß�à�����ú���ºß�à�����ú���ºß�à�����ú���º  

��Z `u�X[ Þ �u{T| â A j�ì w [ ]�J_w w w�e_w w�á�â i$ìÆ ]�J �	ï�U_U�U_ðu°-â �	Z `b�V[�c � k � v YVì �	� + ò iÔË
k â w Ì ]�ã�äD� � ¥qå�æ (curvature) ¼ Ú ¹ [ k iÔø\�}� �#�T�ä Ê�çV£ t�â�å�æ�4 ¹ [ k �� Ë��-ë Ç�H [�â w Ì °T±u²}`b��å
æ i ç B Ô ð v�è d � l ÖV�}� �#�T��ä Ê [-¿ Ñ �  

��Z `u�	{\� �}� [ Þ � ï	ð A S�ê-y�²uë w w [ ]�J	5 � w
é�iÍgb�}� �#� `)ì w ~.êãü á ]
�ë� Ë vTw ^ �X� [rß k g#h�i�m� �Dì�ì	â�¤uë w w ]�J)w é�=�â è dm� �T� ` äåÊ [ ¹�H�í~ � A	��� l ÿ�� [�U�Y i�j ¿ Ñ Þ � �	â-9�¦ Ú á ]�]�J�î R ¼q¨
q Æ ¦�Ú�é ]�]�J�î R ¼.¨�� Ë����b¤)ì w ]�J�î R ¼-# � [u�}��#�T� k ðSÔ�� è ü i�j	h ¼ iÔgrÚ�é ] ²�ï 5�w é�ðT°�� Â Ú ¹[ i�j ¼�� ´ �b��ñ_[�U�Y i�j �	� µ�i ðu°u[ �	Z `b�-c � k 9¾uü i�j�¹ ¼ iÔgS�-ë-æ Ç [ ä Ê k �âuË i�j ¼	wV� �V[u�}� Àä Ê
�  

1-2-c A�B�C�D�E�F�ú���ºA�B�C�D�E�F�ú���ºA�B�C�D�E�F�ú���ºA�B�C�D�E�F�ú���º  

�b� ¬T ®b¯V[ ä Ê k i Þ � �	â A j�ì w I�Jb¼ ·Z¸bÚ_U_[
k �ÍvTw ^ �X� [rß k g#h
i�9XeZf k ³rS �X� l�ò i ì w eZf k
w�ó�I�J [�ï ¼ =�â�ô�õV[ ä Ê k�i�j ¼�� ï ¼ U_U i juü}®b¯ k[}ðu°}¶�U ¹ � { �	Z `b�-U�Y # � i�®b¯ k [ ,�. =�â-9XeZf k[�\	¤ ¼ c�dVü i�j ¼ µ i |�} i�j ¼b�X� �V[u� Á�ä Ê öVü}®b¯
k �  

1-2-d i�jSn�o�p�l�ú�ö��i�jSn�o�p�l�ú�ö��i�jSn�o�p�l�ú�ö��i�jSn�o�p�l�ú�ö��  

�u�}�X� lZ[ ä Êu{}|_�uæ æ�ñ g � 1-1-c h â Ê ; Ô CMs�t#�
H\W�{�Wb¡ Áqz�# � [#q ² �Ô¦�B S æ ñ�÷#ï ä Êu{}| [�â�ê A ]^ �u�}�X� �V[ Ð ´�â�ø . [�i á � â ò ä Êu{}| [�U	V Þ � ��Þ
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Ç Ê ; Ô CMs�tb[ Ð ´ Ò#Ó i ¦XÇ ö\W Ð ´b[ ä Ê U�Y � ø�® w Ð� i # R}S_j�ù�÷#ï {}| i$êb[ � g J�; ·Z¸�[ J�ç â�^bU_[ wï � á � ËU�Y �u�  b¡bq ² [ # � ���©#Dî�ú�û (Lu,  1982; 

Keskes et  al. ,1982,  1983; Le and Nyland,  1987; Huang,  1987; Love 

and Simaan,  1984; Chen and Moore,  1988) �  

w�ó [����b¤�i �_� öqü Ô � ¦ ��Ã�R � ��Wb¡ Áqz [ Á � �� [ � S�â A £��}q ² Áqz â�¤bü} b¡ Á Ô i £ tSÞ-â�PrÚ # °u[�_� u J l Ô C #)5 [ Á.z � # � ¶ (Lu,  1982) � � 3 # °�u J lë�ýVü # � [ Áqz ~�ì Áqz ý_ðu° + ñ B#w  b¡ � i�=_ð�0Vü} b¡
q ²�i v�# / �_² w  b¡T¢ ��� g©æ�þÿ¦ # � ¶ ¨ [�£��Tð + ñ Á� ��� æ � � [ � # T � °�� À ¶\p (Lu,  1982; Lu and Cheng,  1990) �  
A	��� l�Å	} + w Ì ÚVü � 8_[�ã�´�i à	��ä ¦�q ² Áqz:Â�Ã k[ {}| â A Ë Ô Ãb� æ °���� h i A Ë}�-µ�~u°��TU�� � ¨�� Ë��ë Ê	Ô CMs�tZö w Ì w ^ �X� i 9 ä Ê k ³rSòlM¼ iÂ<_j�µ Ð [T°

� g � [#� w Ð�� h U�âbU}S æ Ð i�~uË k U_ðu°-â w  b¡bq ² [
Â�Ã k gÖÕ � 4-4

f h � B�� [ i i�j ¼b�X� �V[u� Á�ä Ê�� â��ë�6�7u[# b¡ k �  

1-2-e ��	�
����ú�������ôKõ��� ��	�
����ú�������ôKõ��� ��	�
����ú�������ôKõ��� ��	�
����ú�������ôKõ���   

æ	� í Â æ�þV[�¦ ybz�¨ {}| Þ � ��Þ Ç}vTw ^ �X� �#ð�U�Y�i
ø � �-ë £ tS¯ ÷�°�± ybz [b³b´�i�� Ç W Ð ´b[ i v £�� � w Ì
� 8_[ ÐbÑ � â v eZf k ü\lM¼VW Ð ´b[Zö w ^u[ i�j U�Y i }bçÐ ´XlM^bU_[ w Ì i�j ¼ übË k [ i�j ¼�� d O �
i � 3VeZf wV�ü / { WZY Ô j �X� Ð ´��¯�x�d�iùø wó [ZY�T\eZf Þ � ���	âvTÈ X�� Ê ü Þ�³ [�Ñ�Òb¸\eZf k iªç Ð ´b[ueZf k�� JV� CXÓ	�¦�ó��ò� ß ÿ �_ç Ð ´b[ �X� i�j ¼ �	� Þ�³ ¦uw i > � ¿ x�� R. î#[ Ð ´#�uðu°� ��� ëVeZf k ð�� �	� �� b� Æ�¿ x Ð ´�æuoeZf k�! WrS�® w Ì Ð ´ �  



 16 

Þ � � H Ä ,uÐ ´ ¦�ó�� [�×MØ_ðbë�ì Ì#" � Ð ´ ä w â v �
ï_[ ÐbÑ <�= / { WZY � w â�$ � Ñ�Ò k [-�� v ,�.uÐ ´ZY ;b�� y J��kæ Æ	â v Ñ�Ò\eZf_ü Þ�³ i ¦ O �X� Ð ´Tü Û � A\À y J[ �X� ���ï w�vmÀ CXÓX[%XeZf k Ò#Ó �	� �½ª�� H\W Ï �'&u¿
êÛð}í��VËTÌ P�Q % �X� [�(�) iùø Þ S �	� Ô C �Sb æ#�V[ ¦ ´
* i A eZf��bd}è_é��#Ì � [ � � �bü�+�� �  

" S	µ_Æ�i(^\t��b[ � � ÐbÑ â v�, k [�Ñ�Ò�8�9Tü Þ�³ iÔö�-Ì Ð ´�- Ì �Ù� ç � k [XeTf ��� (e .g . ,  Blakely and Simpson,  

1986) �Ã� 3�.�7 ��� [0�1 � Ð ´#YVUTSXË	�}�)~�y�²�*VU ���
/#0 i � Koike À Ü (1995)

[ ��� l�=	9 /#0 *��bü 11X11
i Ð ´

YDá)�Ùü
16
Ì � A��D� lS��ë_í�îD+ w Ì ¥mü wm� i)j (Plane 

Weight ing)
��� [��}��i Ë	�}� Þ � ��â vbw21 ��z�� wX� ü Þ�³

gÖÕ � 2-1
f i �

2-2 h i�9)ê�3	�bü�4 Ì#5 ��i6-\�beZfV[ w�ób¼0VübË_�T[ {}|_¼�� A �	� Ô ~ v lM¼ k � 4 Ì {}|_¼�<�=#, Ì ÑÒ k i ö ��Ì Ð ´#ç_ü � k �X� [ �	� � Ë ÷ Þ � �uð v�Ã�Â �	�
��7 ø�0	1-*��u[ b 3 �  

1-3 8��	ú�9�ö8��	ú�9�ö8��	ú�9�ö8��	ú�9�ö  

Ë a b [ ä [-â�9 ä Ê k v}y�e / 2�i ÿ�ä Êu{}|\v}y rX[#�Ñ ~#����A Übüu[ ybz�_Ï lòiÖ^Xt��T[�ì Ì õ}ö	��s�â ä (1) : 9° 5 [ ä Ê k f 2uüSH\W � y � r [ y�eÙ� (2)
Ú���;)ß xby�e�A �

[#����X[ / { ¶ � i�j Ç�J i f 2 ��< Ö�¿ xby�e i ÿ / yv t
= ð�> i@?u±}Ú ¹H [ ybzT{}|���A_� ë_[mñå�T¸	��sòlòi a b (1)£ tVð v#ACB ?\¾ (Lu and Cheng,  1990; Ko ike et  al. ,  1995 �
Raphavan et  al. ,  1994,1995)

i ø a b (2)
[ y�e_§ d�i ~ ��D�E Ú �

g [ ý é���� º i A �bdb�TÚVü2F'G �  

£ t�� Ñ ��!uÆ AVy-eV§ dV[���Ùl æ ÿ�� [ueZq 	�� ä ä Ê
k [ Ç�J�;uy�e [ / { ¶ � � Lu and Cheng(1990) è d g�H y�e [
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ÐbÑ â : f 2 # �r¶ A ¿ w�Ç�JVv �V[# b¡bq ² i ÿ_�u�}�X� �u¾
÷ Ì�I#J �	C�iÔg#¤ w�Á Ú�K_[ ä Ê k f 2 Ô ~_á�xrS)ß x �	Cr�l � ßTð vZÿ ±u²#¢ � [ # R ¹H ¶�ã�s2L ����� 3 y�e [ / { ¶ÚXá ¹ 0�i�~bð v ��Ç f 2 o�k É�5 i�M_³b´}Ì � [ y�e i v;�<Ö2NPOÙg r [ u y)e�À\À (Ko ike et  al. ,  1995 � Raphavan et  al. ,  

1994,1995) �  

w�ó g}h�i / y �udX[�%�� A `TaucbdXeZf��bd}è_é��uú©�TS
Q a�Re�� Ö v ��÷ Ì >�ST� Ý ikWrYX[ ybzT{}| �	} (Ext ract ion)
��� «�T S é ± {}|\�ZÊ . ä Ê k i �uû�Í�,bó Ó 9 ä Ê k / y [�Tö

(Lit t le  and Deborah,  1996; Prat son and Ryan,  1996; Blakely and 

Simpson,  1986; Chorowit z et  al. ,  1992; O’Callaghan and Mark, 1984) �� ÿ âÙêrëV[�÷�>�l�i j��ud ÐuÑ Þ � �Xà #Dî � $�i � Lu and 

Cheng(1990) � Koike et  al. � (1995) v; Raphavan et  al. (1994,1995)À i êÛû-�bd / y ��U_[ À � ��¼ �2V)RT[�â / y �bd Þ � �	âTç
ï ybz�_Ï [�W B�a b � d_hT�
i w�XZY õV[mñå�T¸ / y �bd���s
ð vZý�� SuçTïX[ ybz�_Ï i\[bë�ý ¹ [ ��� ����] ¼ �  

# ÚuS ä Ê U�V	�	��i R}S � g [ / y�À �
i8� Ñ á�y�²uë}Úý [�0	1 � ��� ºuv�^�_ j}öÙî ¨ dV[ ,�. �Ô¦�B S æ ÆV[�â�ê-y
²��bdV[}Ra`©â w�v2b�#	f 2 � ��U � N2Ou[ y�e-v ikg ¦ â À Ó
�-�m[ w�v Ñ�Ò k � Þ � ��� Ñ y�²2[�c � ± ç y�e [�y r �ed´ ��# R Ç�J�; ��U À � À ° º i�ß�{ ä Ê U	V Ô æ Ç [ �	� ���� ¦�#�B���A	��� l�f#Æ ��� +ZWrï v  -¡�¢)£ ü Þ�³ i ð-�bd y
e	f 2 � ��U ; ��Ç y�e i�j ¼ [ / yb§ duõ�[ � ß x � Ñ õ�[ Þ
� �uð ÿ / yb§ dV[}õ}ö�[bë É�5 Übü Ïuy [��T¶�iùø ¦�g ñå�T¸
�bdV[TÞZß_¶ �  

ã � g}h�i A_� ë_[mñå�T¸ ybz�_Ï���� l�iÔS ä Ê U	V � q
² � Ç Ð � êãë�H\W ��� ¾�3 � # R_[�i ð £�� SuçuÌ ybz�_Ï õ
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öm[ / y �_d�%�� ��� ç�h �uë�x � ��� l�fTÆ�ñ Ó��	� w ¥Xü
ALEP (Automat ic Line Ext ract ion Program)

[�ñr�V¸ yXz	�mÏ �
Ñ i 6_° v�i�j g[bë ý é���� º [ ÐbÑ i�ó Ó çTï ä Ê U	V ; /
y �bdV[}õ}ö �  

Ë-� Ñ [ Þ � �#�Vüåä w��ek R ¦�B [ ybzT{}| �	! w Ì w ^
[ �X� U�Y)¿ Ñ � ] � 9-U�Y)¿ Ñ W Ð ´ � � SuçXeZf k�l î�^bU[ i�j ¼ ü_eZf k [ i�j ¼ � � �ÔÊ . i�j ¼	wV� �V[u�}� À�ä Êü ä Ê k � � � v / y �bduõ�[-� Ñ f 2-� § d y�e-v ¾uü ¨ dV[/ y�� Ë��#�òlZ[ L w ô Þ � �uð-} ÷ SuçXeZf}è_éÙlbêãë_[ ���
��� ikg#j�µX[�÷ Ì a b \�~T��{XeZfTï_Ì}Ú�¯)� / ��# R}Su� æ
[ # � ��� i ��� [ ^�H2mX�	A S	�bd � g / y [T° º ÚVü Í W �v ¤ M f l:9 k R ALEP

�-\ud �\n ö a b ; � � ��> i v ?	@ �  



 19 

oqpsroqpsroqpsroqpsr
A L E P tvuxwzy|{v}z~��tvuxwzy|{v}z~��tvuxwzy|{v}z~��tvuxwzy|{v}z~��  

ALEP ¶�� ü Automat ic Line Ext ract ion Program � j�\	¤�� Ñ
G

FORTRAN � h��#� i Õ �rS � J B � � Ñ � ^�H eZf��bd a b
	��  (

�u�
2-1)
ä

(1)
eZf-c�d

(Data Transfo rmat ion) � (2) ä Ê U	V
(Target  Recognit ion) ;(3) y�e	f 2 (Segment  Connect ion) � (4) g q��d

(No ise Cont ro l) ; (5)
/ y�w	x ¸ (Line Smoothing) �8A	��M l�i\fÆ�9 Õ ñTç a b �	!b� Þ � \ud ; ó Ó Ô [ ^�H \�~ �>" Suç��bd��s A ���_eZfb�bó Ó � b 3}S L� ; L-� M 9uë}Ú Õ2� [�?	@ �  

2-1 �'������'������'������'�����  

Ë a b � ä [ A 9XeZf k �-\	¤ ¼Vv�wV� i�j [ �	� c�d_¾ w
i	j ¼ (Weight )

i ±_²bj�{ ä Ê_{T| [ # � ¶ � ¾uü ä Ê k [}ðu°¶ � ´ Ë ��� ikðu° ç�A � ä Ê k 9u¾uü�%V[ueZf ( i�j ¼ ) wV� �[ ¸	«D¹�k i j�µu� ä Ê U	V a b Þ Ç:Ý V_Ë�% wV� �V[u�}� À�äÊ��� Ë_eZf-c�d Þ � �uð�0Vü ä Ê U�Y_õ}öX[ w «�~ � ¥Vü ä Ê
i�j �	� (Target  Weight ing) �  

RTS	µ { [��ud a b g}h�i ��Û °�� ÿ �b� ybzT{}| [ueZf k¾uü i�j�¹ ¼ [ �	� �uð2� ��A Ë�i@M�� ¨ Ë}ô H�� [ �	� ÷ A çïu`bcXeZf��bd�� Ñ lXí Î ðS� � ø ��� ?	@u[ wV� i�j �	� ð ÿä Ê U	VV[����[bë}Úa� ý g�T¶V[�0	1 �  

�-� � l:�	!b� wV� i�j �	� ÐbÑ üåä : � . w�1 �uR�¥u�	z� wX� iÝÚ	9VË� �!��#��Ñ-Ò k 3	�büS<�� Ì �Zé ( � � 2-2)
i��

;)�� ä Ê [ ¦�B ! � - w Ð ´-�_�T[ {}|_¼�� gVlM¼ k � i�j ¼��Gß xT{}|_¼ {ÙlM¼ k \	¤ ¼ [ # � �	� ,�. � j �	� ÷ 0�æ�²U	V ä Ê g�ð
i89 A�� µu� # � M f l Õ ñ �  

Ë}ô �	� [ w Ì ^�HT{ k â�êb[uW Ð ´-�_�#ð��T¶ <�= W Ð ´  
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 �
2-1 ALEP

�XeZf��bd���� � Ö ^ ��� Ý iÃ�'� w Ê ²Tðòñ�G'�§ �bd�ã�sX[ ��Ì a b iÃ��� w Ê ²TðT 2� ��� ó Ó [ �-Ì a b �  
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 �
2-2 wV� i�j �	� �	z-� wV��; 4 Ì Ð ´-�_�T[T²�Ru� � Y��TüÑ�Ò k [-���i 1 �	� y �b�	z-� �  �!�i ÈTy ü��_�	C�� �  
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 [ w ^ �m� i U�YVç Ð ´_[ äåÊ i g ¦mÇ ö_Ú � g [�� Ê�� c �� � ß�{ Koike À Ü (1995) A STA
lãR ¬T U�Y�æ��	!V[ �	� �#�

#Dî Ì � i ø�µuÆV[�z-� wV� ü w Ð � /#0 � wV� i�j [ 1 �	z-��©A Ð ´ ó�� ¶b�uë}Ú_U_[���# � ® w Ð � i A W Ð ´ �	� lM�-ë
á�ð v � ± ä_Ê k ³�´ (St r ike

i � ��� � � Ð ´ ) ;qd ´
(Or ient at ion

i ���T�V� ´� w Ð ´ ) À eZqTöVüµ { �bdb�	z-� �  

2-2 ôKõ��� ôKõ��� ôKõ��� ôKõ���   

Ë a b v eZf-c�d�æ��_��%XeZf wV� ü��bduRa`�i�U�Y_jT�b�
�}� À�ä Ê k öVü / y [ Þ�³ � ü��2��À � ðu°�� Â [ w�Á �}� À
<���À �
i A ËSÅ	} w ¥Vü �X� U�Y (Pro file  Recognit ion)

[����U
V����
i ÿ «�~ <�� � ä Ê k àT° i W-µ { � y�e	f 2 i6�2� � À
� ������� ybzT{}| [Xl ���  

�\� U	Y\[���_ü . S w}�X� y J i vTw eZf k ü\lM¼�i A ;��Ì Ñ�Ò kl tb[ Ð ´ ( £ t#ü N-S,E-W,NE-SW ; NW-SE)
ß���°

5 k � < & �X� �)ì�ìqêÛð l Â�"� Tw k-h SòlM¼ k i�~uË\lM¼ k�MÔ	0Vü wòä Ê k � ð v ��� �X� <�y#S ��Ì Ñ�Ò k�Ô i Ö +TlM¼� ¹�k i ° 5 �}�}�XeZf k à}ðu°�Ô	0Vü ä Ê (
�

2-3) � ® w Ð � i
< �X�¡ õ . STü ��Ì Ñ�Ò k i ~-{ � 8_[ ¸	«D¹�k U�Y�¯�ð �  

ß}ï	��y�U�Y �X� [#�Tö�i v ® w X J g#h-á	â�*���� Ñ 0	1
[ w ï ÐbÑ � j�, ��b 3�â Ò2¢ + ybzT{}|	A�wV� �V[ / { ¶ � ø
B Ô á ÿ_ybzT{}|���© ·��uÚa��i TD³rÚ ¦)ÜXÝ �k£ t A eZf2£_pÚ�ï�iÔgS�-ë  .	7 / y [ / { ¶TÚ�õ Ô �¤X´|�ÜbÚ�yu[�U�Y �����A	��� l�¥:µ�æ � ²u[�>�S.ê v � k [ �X� Ò#Ó �X� U�Y�i RS wó [ueZfXg#h�iàß Ì y J ê�¦ v�§¨�î UVWrY�À � [ ¦ / { �  
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 �
2-3 �_� U�Y_[#²�RT� � Ë©>ml �_� y J . S#ü � k i �uw k <u°

A j�ì w [rç	ì k l:��ñ � ��"� #w Ì h S�ê ��© [ k i ~�Ô-0uü äÊ k g � ¼ 1 h �  }�-~TüS� ä Ê k g ��¼ 1 h �  

 

 

 

 

 

 

 

 

 

 

 

 �
2-4 ALEP

��° k±-² ²�RT� � C
üVl�¼ k i 1 " 8

ü�° k s ² �  
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2-3 �©�ª�«�©�ª�«�©�ª�«�©�ª�«  

Ë a b � ä [ A 9Ùê U	VV[ ä Ê k�¬ a-f 2b¾uüSH\W y�e
�àA
� � Ñ l « Ù�HD° k Cb[ y�e)f 2�i g- w Ñ�Ò k çVë�4 Ì ° k
(
�

2-4) � ç k {)° k CT[ f 2�{�¤�G©� Ñ lZ[ /#0 i v�©J�� üÐ = ò Ü i ���A Ë}�-µbí ; �ÿ¦ y�e.¨ ê d ß#ï)° k C # / [ ry�e�� g�Gß x ¦ y�e.¨ / ¾_[ZÚ�y y�e ~�¥Vü ¦ / y�¨Ô�  

Þ�Ù�H�° k # / [��	!uð ÿ µ { [ g q��bd���®�O#S w � 8_[
 -¡�¢)£ (Route Tracing)

[ Þ�³ �
(
� � J A) �  b��i <�Ù�Huç k�¯

U)° k # / (Ko ike et  al. ,1995)
ikj � g J 9 ÿ_y�e_§ d�ô�G Ò#Ó �Ë-�)!\[ w ô�É k â�HÙW�yXg / { [ / y�°�°
� ü�À � î � [ <

��ä Ê k gVl � i ß�á	â��-ë Ç�Huw Ì Ú���±u[ �X� U�YX[ ^�H \
���  

A Ë a b l ià\D~_��²\ðX° f 2	æXë # °V[ äåÊ k ¾Vü y�e
v i ÿ ^�¾ HV~#� � / y °�? ¶�³�´ S)ß xby�e �Ùl � jml ¦�µf2_[�> Ý ���Tëb] ä w â î'¶ ´ f 2T� y�e�b�# ¥�U Ô i « ©J i
j ¼ ÚVUb� y-e ( y�e i�j ¼ . STüTjb] o�k�i�j ¼ � � ) �ë� üS<
Ù�H y�e ¥�U iÂH\W / y ����U k 9 ¦�A Ñ�Ò k �
i ÿ µ { �bdV·
� � g HòW � jV])â ä ÊV{b| <\ü ¦ R�¥ ( � Y�T ¬u �_®_¯ y )

Ô ià{ ä Ê k d ´ (Or ient at ion) w Ó �)° k ¦2µ�f 2 � j-\ � â /y [�^�¾ ä [ A-�_ÏuybzT{}| [b³b´ (St r ike)
i g {}| �V³b´{ d ´

£ t b�#��TÈ i d_hT�
i { d ´ w Ó [ y�e_¦ ðu°-â_³b´ / y [ w
«�~ ikð v©Ý . [ i v�· :�l Ö �  

2-4 ¸�¹�º-ü¸�¹�º-ü¸�¹�º-ü¸�¹�º-ü  

ÁVÂ ��i wó eZfbÄbÅbÆuR}SVË}ô��bd H�» � ¹ i\M Þ S ¦�B���� ä [�i j H�» [ ÐbÑ á h �_W � ¸ � � ÿXvbÎ#Ï [ ÐbÑTÒ#Ó
ybz�_Ï iÔó Ó " Ë�á ¦ � Huw �SÚ)� � � Ë A ALEP

l�f#Æ�²_ð
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°�	!XW � ¸\g[bë��T¶V[ g q��bd�8�9�i ��Ù�H ÿ�� Æ � R�O ¨UVWrYX[�bd a b ;  2� ����� ß ÿ � ALEP
[ g q��bduë É�5_Îõ ÏVy [#¼T�b¶�i æ ¦�B Æ)â�ñÛ�u¸)�_d�Þ É á n öVÆX[��ud�\

~�i ¦bÉ ábR { . äåÊ [ Ì ñ��_d�i �\w \�~ ê�¿ w [ i)� S ¶��i8�bdV[-¿�,b¶�¯�½�³râ �  

A ËTô_õTö�l�i g q�¾�¿X[ ^�H ��;�â ä Ê k �}y�e	��© [ #R Ç�J ( A Ë v i)j ¼ �_� ) v-; / y [ / { ¶ ��	 o\[-� Ñ 8�9ëÙä
A. h�i j�k�l Ö (Weak Target s Clearance) � B.

W � �DmÙÄ
(Po lygon Breaking) � C. h×iÙj y e l Ö (Weak Segment s 

Clearance) � D. n�o	p	q (End-Po int  Reduct ion) � E. r �s)tTÖ (Shor t  

Branch Clearance) v; F. u y�e-v tTÖ (Small Groups Clearance) À
(
�u�

2-1) � j Õ�À �Á�?	@ � ¤ ä  

2-4-A Â�Ã�Ä�Å�Æ�ÇÂ�Ã�Ä�Å�Æ�ÇÂ�Ã�Ä�Å�Æ�ÇÂ�Ã�Ä�Å�Æ�Ç  

Ë a b ð�Ù�H n öuÆ A�wV� i�j �	� �-µ�i89�¿ w2È�É_¼Vv ¤[ i�j ¼ . STü�Ê � ß x ¾uü�Êb[�Ñ�Ò k 9uð v©Ý . ¦ �T¾uü ä Ê
k gz-{ y�e	f 2 � ß Ì �Töu� ^�H�ä [�â	tTÖ�Y�� g q
i � q  µ { �bdV[�¯�þ �	� � Ë�� Ñ 8�9��ËÙîrj�2�3�� i�j ¼b¬T [ Ï
v i �uðT 2� ��Ì_¦�B�È�É_¼ æ��\[ i�j ¼ ������ i }���^�ÍX[
b 3 � v � 4-7a

ü>
i ËV�#üV�
1-3 �u�}�X� � i�j ¬T iV< l Ö

50%
[ h-i�j�k �-µ_j ¬T 9 � � 4-7b

iÔð v�: îT�_lZ[ ^�H  b¡
¢ � 4#�#Î_î �  

w�ó g}h�i H l ÖVW   h-i�j ¼ i Þ � � ,�. S h-i�j ¼ l Öµ�i�æ�Ï\[ i�j ¼ ���â�¤�¦ v ±u²��-ë-æ�.	7 �_Ï [ ybzT{}|��
A Ë Þ �	H�» ¤ i l Ö_[ È�É_¼ U ¹ Uq�ãS�� Â)ÜXÝ [ / y�� v �
1-3
[ �u� �#ü>�iÝ�-ëuð v�Ð�a�Ñ ¹ È�É_¼ � Ï î:æ�Ï\[ i�j ¼������
i È-Â �-ë�.	7T±u²u[# b¡T¢ � ·�Ò çV¦ �Ùl � ü T �  
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2-4-B ��Ó���Ô�Õ��Ó���Ô�Õ��Ó���Ô�Õ��Ó���Ô�Õ  

A ALEP
� Ñ l�i ä Ê U	V ;�f 2_[�r �-#Dî ���i � Ë ¬ a

f 2b� y-e�v l��Të #Dî WT[ I#J å y (
W � � ) �Í£ t#ËTÌVW � �

Þ-â f 2-���Ùl:�uû-��Ç ý éXeZf�ï�# v ,�. Ú�Í / y [�2�3 ��
Ë��-ë�Ö : v Ë�� Ñ 8�9�m_Ö�æ_ëVW � �Ùl i�j ¼ ^ u [ wT��� ËÕ_ð ÿ / z [uW � � � ¸VüSH\W�×	s À [�2}� i Ò W-µ { �bd ¦XÇ
Ë�W ��Û z}Y � GãSVË�� Ñ 8�9}ð�ØÙ ��Û U u � � À [uW � ��i
A � i 0	1V[ ÐbÑ ; �bd b 3T�uëbjÚ { ��� � j Õ�À�a b ; ó Ó
b 3-9TS_¤ w�M g 3-3

f h l Õ ñ � Ë}ô��bd � ü�{-µ { [uWZô gq��bduë #Dî [�� / ¶�i äåæ Ô	� . ü�� Ñ l©y H [#ó Ó a b �  

Û "�äåæ [ 2-4-A ; 2-4-B
ì#ô��bd A � Ñ lZ[#ó Ó A s�â�ø

. [�iùø v ¤_[ C Â F
÷ Ì a b ~bð�0 n öuÆb� Ç�� R�� §�� ¹ �

ó Ó ��Ü \ÙümW � ��mXÄ�µÙ[ y	e�f 2 Àq¢ i ¹ %)�Vd (
z��ò�

2-1) �$A �ud	�	�ÙlZà}ð�í Ô |�Ü�ËÙî î Ô [ y�e	f 2 À �#S w Ëî�Ý�i � ëVW©0�Þ}[}õ}ö�ß�à i n öuÆuð v ® w � Ñ Ï�v è Ýaá©æ
â � ��Re �bdu¾�3mi ,�. ¤ w �bd a b i ¯�² &�ã ó Ó § Ì � Ñ �  
2-4-C Â�Ã�Ä��©�Æ�ÇÂ�Ã�Ä��©�Æ�ÇÂ�Ã�Ä��©�Æ�ÇÂ�Ã�Ä��©�Æ�Ç  

S
ALEP

l�i h-i�j ¼ � y�e �b�uj ÜXÝ�JV� ð�ä}¶TÚ h � Ë� Ñ 8�9uð.G ÿ � Æ)| . Ç l Ö\[ y	e i�j ¼CÈ'É (Thresho ld o f 

Segment  Weight )
i h SVË È�É_¼ � y�e	f 2 ©J 9�Ô�}�å � Ë}ô��d Þ � ��{ h-i�j�kl Ö_[�æu°TÌ � iùø A � Ñ lãð v � v ¤�÷ Ì

a b b�# O ¨  2� ��� j b 3 �  

2-4-D ç�è�é�êç�è�é�êç�è�é�êç�è�é�ê  Ë�8�9Tð AV¦�ë2ì / y / { ¶V[ æ Ø_¤ p-r / y [ n�o � ó ÓÐuÑ ü :¢�£�¶ �Vl#[ o)k iÝÚ Ðuw }�å_j f 2 (
�u�

2-5)
i Ë}�

ö_ð�� ÿ�� Æb� Ç�HV¹ �uWSã � j b 3 	�� tTÖ ^�í_y ì w ��H\W
r)u �s�i ; y y n�o Ú ¦Ý . ��� J����
�  
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 �
2-5 n�o	p	q ²�Ru� � �r� Ð üTû-�bdb� y�e-v i�¤ Ð ü ´ w ã

n�o	p	q [�2�3 �  
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2-4-E î�ï�ð�ñ�Çî�ï�ð�ñ�Çî�ï�ð�ñ�Çî�ï�ð�ñ�Ç  

Ë�8�9bü w 4ò�ó Ò�ô y y�e ��tTÖ r �sX[� Ñ e Ì � R}S
- w �-s k (

{ �-Ì v �)° k # / [ k )  
j�^ r g i	j ¼ h [���s

: Ô�tTÖ i È-Â Ë k ¦ Ú	â	�s k i � j�æ_ë_[-�s êMy#S�²�tTÖ��y J ü T � ß�R�þ�; � 3 w � U k�õ ë�ì Ì #�B y J � r �s�iw�Ê jml i�j Ú�öuÆ�Ô�tTÖ�i½® w �s	9 # RSÔ � y_g#ðu°#÷ ç ¤
+ (
�_�

2-6) � ß ÿ ��æVë\�Z� ��� Ú ! [�y y ²_ðu°�Ô Ò ç i ¦
� tTÖ r s\gø p	q �  

2-4-F ù��©�ú2ñ�Çù��©�ú2ñ�Çù��©�ú2ñ�Çù��©�ú2ñ�Ç  

AVyuz ���Ù�Z��iûN#OVg ���_¦ ! [ u y�e-vV£ tS¯�ü#SuÄbÅõ}ö�i � � Ñ 8�9}ð�ØÙ_ç�Ú#O y�e-v æuob� y�e	f 2�Ë}Y�i �-�
ÿD� Æu� Ç tbÖTÚ u y-e�v � « � f 2 (

�u�
2-7) �Í£ t#Ë}ôb�Tö

ý ¨uæ ñ h-i�j�kl Ö_[�bd�i\[bë2þ#Ö�Y�� g qV[ b 3 �  

2-5 8���ÿ����8���ÿ����8���ÿ����8���ÿ����  v�f 2	Ñ-Ò k æ_�_¾V[ / yv	A / y ����ÌrS�Ñ�Ò kl t Ð ´
Ô i £ tS� v Ú����X[	��
 ÀS�VyV~#��� ß#ï���� Þ � � Q � SbYT\eZfV[ � J�; l t Ð ´b[}ë�xZ¶ � d_hT�
iÂ<	9XeZf\��[�0Vü wÌ ]u^u[ / { WZY�i�ß#ï �Vy ��� � ¦ �mî ��� � Ë v ¿ x�í ~ ÿä Ê k [ l t�4Tü w	x / { i � ü w#ÿ_ybz 4�ï 5�· �_[ a b � Ì
� � �Ùd�à\ð �_S ¹u» eVf�[ �Ù����Ï (Blakely and Simpson,  

1986) �  

� � Ñ A ËT� æ [��ud_ð v ,�. H\W #	f 2_[�Ñ�Ò k v � ÃbyzT{}| i A	�	a b lM�-ë�9�- w k [�Ñ�Ò�� Ê {uj #	f 2_[-° k �Ê ö w i	j w�ó (Weight ing Average)
i�öXüuË k [%-TD³ � ß#ïbö÷ ð ÿ ËÙî k [ l t�TD³-4�ï 5uw-w	x [ / { WZY � M � ü	ê « â

# ° k � Ê [ w�ó i j���� �� \_ë�Ñ�Ò k �-Ó �u¦ ����U w Ì ÑÒ�CXÓ�i ¦ ����Y æ ñ a b l ��;�Ñ k eZf �	� [�2�3 (
�u�

2-8) �  
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 �
2-6 r �s)tTÖu²�Ru� � �r� Ð ü\	¤ y�e-v i�¤ Ð ü�tTÖ r Sì Ì y�e [	�-s�µ�æ��Ù[�2�3 � Ú À [�� y �_� i�j ¼ Ú h [ y

e���¼ �2V)RT[�âT�\�_l A,B,C
��Ì �sòl�iÔË}ô��bd�� Ò ÷ À g

yu[
C
�s�i ç l Ö r g��V[ A

�s � ±u²bË}ô��bd ¹ 0 / { ¶��S y�e [ i�j ¼ �  
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 �
2-7 u y�e-v tTÖu²�Ru� � �r� Ð ü\	¤ y�e-v i�¤ Ð ü�tTÖ uS ��Ì y�e [ y�e-v µ�æ��)2�3 �  
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 �
2-8
/ y�w	x ¸V²�Ru� � �r� Ð ü\	¤ / y i�¤ Ð ü w	x ¸	�bd

[�2�3 �  

 ËTô	�udu�uó Ó A s.ø . S y�e eZf�ËÙîã� æ i � 3 n öuÆ�|
Ü ¦ ö w	x �bd
i�~ y�e � o�k È#É . STü-Ñ�Ò k �-\	¤�� Ê � RS ¦ R�¥u� ybzT{}| i � U ¬ Ë �T� �-Ë Z}y i6>\�rÆuÖ + �_y �
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ÝT£ t©á�.	7b°�� ± `b�b� d ´ �� Ë��-ë A Ë}ô��bdÙl:á-� i +â�¤ Ç�H Ð ´ dbÊ [|bô
i � 3-|�ÜVË}ô�æu° i � Ñ 9TS �_y ì wl i�j ¼ Ú h [ w w�i � r dbÊ_y i d ²bË {}| [ d ´ �  

2-6 ALEP m����	ú��SA����������m����	ú��SA����������m����	ú��SA����������m����	ú��SA����������  

Þ S ÿ e#f	�ud	�	� Ò�ô ¼#� ; �T¶V[��Ç�i � � Ñ [uWrY a
b �uëbð�� n öuÆ�ñ Ó),�. [�z}Y iùø �-Û ,�. ß x z}Y v � Â d
�u[-���2�3 i ðu°T¾uü�® w Ì ÿ�� �V[ ¢�� � � Ë A	��M ^�µ��
ë�9�� Ñ ó Ó ly�² ��Â [ ¹-H zbY ; |�}	\�~ i vb§ d�?�@ �¤ ä

 

1.  ï���ô õDú����ï���ô õDú����ï���ô õDú����ï���ô õDú����  

ALEP
Þ � �	â v ° ý�� SuçTïu`bcXeZf_üTj��	!��#�mi ø ¦�B

[ ybzT{}| j�U	V�¿ Ñ ñ �T¦�B i æ v � Ñ H�» [ L w Ì z}Y�=�â
ä Êu{}| [Zï_Ì � ß Ì z}Y���Ô ��+A eZf-c�dX[ a b l:|�} # R
� [-¿ Ñ ö wV� i�j �	� �åäåæ � Ñ êãð-�bdV[ ä Ê ï_Ì 	�� ä �� � �T�
�Ã�	Z `b� � ¬T R�P y-;u�u�}�X� �b b¡T¢ �bÀ��  

2.   �!a���"Dú��¹ �!a���"Dú��¹ �!a���"Dú��¹ �!a���"Dú��¹  

ß x eZq 	�� X ; Y
� Ê ��ý u ¼�� Ñ�Ò k CXÓ ; Ë�WXeZf�Ý[�Ý � � �-µ	� Ñ ��>�WXeZf�Ý	9XeZf�³�W�^ É�5 [�Ñ�Ò k l �  

3.  ÿ�l�Ã�Ä�#�$)ú�%'&ÿ�l�Ã�Ä�#�$)ú�%'&ÿ�l�Ã�Ä�#�$)ú�%'&ÿ�l�Ã�Ä�#�$)ú�%'&  

�Xæ æ�ñ�i wm� i)j ��� l 1 ��z�� wm� [uU u ð v �u¶��§�� � Ñ H�» Ë�WV[�âuË-z-� � [ È ¡ i>8�T�â�Ñ�Ò k [ k Y � ßÌ z}Y ¼ Þ � �uð v 0VüU�Y ä Êu{}| æ Ç [ �X� y J i > �-A_�
� �r� î �-ë H Ä-�X[# b¡ Áqz y ¬ ü 10

Ì Ñ�Ò k�Ô i�d��u[�z� �}È ¡	� ü 20 k ��� � î �-ëV[ ä Ê â�Ë Z `b� Ô iÝ�-ëuð v
� ; A \	¤b`b�\�r��¿	!�i H ÷ Ì Ñ�Ò k [ �X�¡ ð ³�´ ¦���yu[
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U ¬ Ë � U ¬ ¶�] i ÿ �-ëuð v©Ý V w Ì Ë Z `b� �  

ô Ü ±V[
i(^-µ�|�Ü\[ k Y	{XeZf k [ � JV�Ùä Ê [ ÜXÝ {�¤ë�� � Ú ��( [ueZf k � Ú <�� [ ä ÊmÇ�H Ú\WT[ k Y � Ë-z}YX[ö � { � C�Ð Á ë # � [ b 3�i � 3-|�Ü����uU�� ÿ�ä Êu{}| [�T
³rÚVü <�� i u » J [ {}| ~SÔ�� è�� # R_[|�Ü�+åÚ u [� �!Zðÿ�ä Ê k TD³rÚ ÜXÝ iÔø ¹ � g q�á # R�� i �  

4 .  Â�Ã�Ä�ô õ2Å�Æ#Ç��*)�+�,Â�Ã�Ä�ô õ2Å�Æ#Ç��*)�+�,Â�Ã�Ä�ô õ2Å�Æ#Ç��*)�+�,Â�Ã�Ä�ô õ2Å�Æ#Ç��*)�+�,  

ß Ì zTY\[ ,	. Þ � �	{ ÿ�� Æ�V . [�Y�� g q Ç�J ë�� � �æ f æ�ñ i½�-ëV[®�-�â�. �u¦�B [ È�É_¼ i ÿ i�j ¼ [-��V° ³
´ ^�H [ ä Êu{}|�� Ë È�É_¼ � . � h)Ô � ¦ � ¬ ��	� [�2�3�iø � z-{ �	� [ k YbÚ\W�i �	� Ô CS�#Ú�y � ø # R_[ � 3-|�Ü	�
¹ i>H\W ybzT{}| ðu°�Ô ¦)î [ Û ���  

5 .  ç�è�é�ê)ú�/�0�1�Aç�è�é�ê)ú�/�0�1�Aç�è�é�ê)ú�/�0�1�Aç�è�é�ê)ú�/�0�1�A  

Ë-|uô ª ð�G ÿD� Æ�ñ Ó),�. � ø � ü A Ë}� æ}ÿ�� [ �X� U
Y�� A_ybzT{}|u�_y [�ì w�i W wTx Ú ¦)ÜXÝ [ ä Ê k i ÿ�^Z� ì
w P�Q H\W�Îu¶V[ r �s � � Ë A ó Ó 4 À�2 [-�s	�bd æ i : ÈÉ tTÖ wTx r �s_¾ +Xy H [ w Ì �Tö � d O � � 3��-ëbó Ó + �
k y J [ �X� U�Y iÖ� A_ybzT{}|D^Z� � w w � i w Ì ¦Ý . [ äÊ k i á � âVW�+ w Ì « w Ì y�e yu[ r �s�i � Ë�y�² "�  ö w
ã n�o	p	q �$B d i R}S�y J ü N k [ �X� U�Y i "�  � ö (N-3) /2
ã_[ n�o	p	q � A�äåæ�3	� [ ALEP

l�i�U�Y �X� ê_ñå�-� . ü �
k i�æ v n�o	p	q y�² "�  ó Ó 1

ã �  

6 .  42ñ�Ç)úî#ï�ð���©�A42ñ�Ç)úî#ï�ð���©�A42ñ�Ç)úî#ï�ð���©�A42ñ�Ç)úî#ï�ð���©�A  

d O ��i A ó Ó + # R � S �X� U�Y�y J [ n�o	p	q µ�i�æ�Ï[ y�e	v �_�_��; · � ç�A [ y_zu{b|�� Ëbô��_d ; u y-e�v tÖ i · �T��Þ-â l Ö n öuÆ�V_ü # R ¦V¹H [ wTx u�5 < / y i ÿ
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^�H [ ybzT{}| 4Tü é ± � � Ë i H Ò ÷}W�yu[-�s ¶ 0 n öuÆV[
6 õ � �� ä [ug . � > �-A �}é���X[-��òl�i £ t�s��²��
Ò ÷ v ±u²�7-�u[-�� ��# R_[ i A_�u� �� Ô i ^�H [ ä Ê_£ tâ�y_g / { [# b¡T¢ � i r �s�=_ðbU�[ J tTÖ �  

7 . 42ñ�Ç)ú�ù���©�ú���©�8�A42ñ�Ç)ú�ù���©�ú���©�8�A42ñ�Ç)ú�ù���©�ú���©�8�A42ñ�Ç)ú�ù���©�ú���©�8�A  

�_æ æ�ñ�i$ß-á�â w Ì # RT¶V[ g q��bd�iÍW#U_[ y�e-v � Ô
Ò ÷X| . \�~-{ r �s)tTÖ # � �  

8 . ÿ����ÿ����ÿ����ÿ����2º	ü�����Aº	ü�����Aº	ü�����Aº	ü�����A  

Ë-�_ð v |�Üuö �T¦ ö w	x ¸	�bd�i v; â�¤ i � Ð ´ dbÊ
�� 3 ä Êu{}| Þ � � � ë d ´�i � R�¥X[u�}� �#�T� i Ð ´ dbÊ á
¦ � � Q ö �ò� � Ñ AbÉ áTË}ô	z}Y�µ���O����_î w �b�bç y�e o
k [�ËÙî�Ý � ËËÙî�Ý	á B Ô 	�� ç y�e [ i�j ¼ i Ï�vTybz � Ôð�z-� i�j ¼ R}Ú ¹H [ y�e ö i)î [ é ± �  
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o:9sro:9sro:9sro:9sr
 A L E P ;=<?>?@BAztDCBE;=<?>?@BAztDCBE;=<?>?@BAztDCBE;=<?>?@BAztDCBE  

ALEP
Rbçbï yuzb{T| [��ud ÐuÑ ü-9_j v�wV� i�j �	� c�d¾ i�j�¹ ¼ iÖÚ v � 8_[u�}�U	V ÐbÑ Ê . j �_y�� � ��M l : v

§©¨ �b�Z�b`b�_ü>�i � ² � � Ñ �_Ï �}� �_y ������{_° º�� |. ��� �ZéV[�TD³��u� 3-1
iÍeZfbÄ-� J ü- 0.01 J_w Ì Ñ�Ò k �

��� lÛ�\�X> ê v GMT
&u¿

(Smith and Wessel,  1990; Wessel and 

Smith,  1995) Ï�vÙ� ü}� �by�e [ # R ¹H ¶�i æ_ë y�e ��;_j i�j¼ (Weight )
�-�uü�4 Ì À�F iû- wVÀ�F � y-e	f 2}Y_U�$ #\À i8�

v}¦�B � À_��G.KXÍ�H � y�euÏ S ybz �r� �kv ¤�ã�$-��;	�bd a
b ?	@ ��� ��� ; 2�3 �  

3-1 �'������'������'������'�����  

RTS�8��V�}�}`b�V[ �_Ï i ALEP
æböX[ueZf-c�d a b üåä (1)

w�IbÊ ¹ ¼ i ÿ j
êrü�, ¼�� (2) ÿ j 5 Òb¸ (Normalized)
ÌrS w .

 �!�� � v� � Ñ � Þ � �	� \udXg#h�i ËT]T�Tö	��� î R	y H i
øVË�	!uð ÿ µ { � Ñ lãë�� i�j ¼ �	� [#�Tö � ¸�H\W � � 3-1ü ��� ���Z� i�j ¼b¬T ��i ÍqK �b� h-i�j ¼V� Ú h �	J ¹ J i
�_¤�X u � Ê ²bË_� A §©¨�· �V[�TD³ �  

3-2 ôKõ���º�ÿ�ª�«ôKõ���º�ÿ�ª�«ôKõ���º�ÿ�ª�«ôKõ���º�ÿ�ª�«  

�
3-2
ü v � k � �X� U�Y (Pro file  Recognit ion)

æ�� Â [ ä Ê
k i ;_y-e�f 2_[�2�3 � �_lã±u²Tðu°bü_�}�}�X�Zé ( H�K � ¹ � )
ê �K�HmW ä Ê k ( u � ¼ 1 ) ;uy�e iàß xby�e �b�u¾�H\W#U u ¦À � I#J W � � � Ë a b [ Þ ��ä [	� A S ÿ æ_ëbðu°}�X�}�qêÛë
y�e	v\£ ��i g�G y�e	v l©|�Ü�^�Í / y [bõbö�~qG�µ { a b óÓ �  
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 �
3-1
�}� �_Ï_��� �Z�-TD³ ; `b� i�j ¼b¬T � �LH�K �b�b`b�

¹ � i��_¤ Ð u �Z±u²bË}`b�X� A §©¨�· �V[�TD³ �  
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 �
3-2
�}� ä Ê U	V ;uy�e	f 2X� � �	� y �b� ¹Xi�j ¼uy�e i �

¼ 1 k �b� �X� U�Y�æ��_�X�}� ä Ê k �  
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 �
3-3
W � � ¢)£ ; muÄ_²�Ru� � � ¼ 1 �b� ä Ê k iM�	� y �b�

¹Xi�j ¼uy�e iON ã æ d ü v B
ü Q k [�ì Ì ¢)£� -¡ �  

 

3-3 ��Ó���Ô�Õ��Ó���Ô�Õ��Ó���Ô�Õ��Ó���Ô�Õ  

�	a b A ALEP
[�\ud ; ó Ó ���Ùl�êãü��Xt���PX[ «�~ �àA\udb�
i8ê v}¦�B S Á_Â [ ÐbÑ Ã�Â *���� Ñ 0	1V[ ä [ � A ���

�
i µ { [ g q��bd a b W v êb[�bd	2�3uü Þ�³ � j����}ó Ó ��Tö v � 3-3
ü>�?	@ � ¤ ä  

1 .
| . �_l i�j ¼ ^ u � y�e
� � �_lÛ� B-D y�e
�  

2 . v Ë y�e � w o�k ü ¢)£ I#J å y � Q k � � B k �  

3 . vA Ô k Ð ´ ¢)£ �  -¡ ü B-C-B
i � Â Q k (B k )

i ¯ I#J å yò�  
4 . v�Q Ô k Ð ´ ¢)£ �  -¡ ü B-A-D

i Â�Ãby�e ® w o (D k )
i Ó

�
B-D
ü w I#J W � � (DBAD)

lÛ� wT� i\M i�j ¼ ybü�^ u i}�å
B-D
C}[ f 2 �  

5 .
< y�e_¦ �TS ��Û I#J å y i f 2 Ò ÷ �  

6 . ¹ �#�Tö 1 Â 5 �  

ü��#� ¹ �b[ ¢)£ �Tö�i8� Ñ lZ[ f 2 À�¢ {�² ¢)£ [  -¡ �
�}�	â	��ñ��bdV[ � j � ö�\�~ � ¤ ä  

1 . y�e \	¤ ©J_¼ ü 2
i��_² y�e	f 2�M ¢)£� -¡�R £ �  
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2.
< y�e	f 2SÔ�}�å ©J_¼ �Tü 0

i��_²�¯ f 2�M  -¡ ¦b£ �  

3 .
< y�e ê Ó � ¦�S S ��Û I#J å y�©J_¼ �Tü 1

i��_² f 2 ç�A
ø  -¡ ¦b£ ¯�² ¢)£ �  

ß}ï	��!_ð v Ò�Ó A � Ñ ó Ó ���Ùl�i ¦ O j���� f 2�â�¤�Ô}#þ�i½² ¢)£ [  -¡ ��� Ð�a q   i>^�µ�? ¶ þ g i ÿ ��� Ñ 8�9ð v ±�T Û Ô è�U T¢)£ g Ò Wu¤ w-a b � � 3-4
üV�

3-2 ´ W ��-muÄb�	2�3 �  

3-4 ¸�¹�º-ü-ÿ�8���ÿ����¸�¹�º-ü-ÿ�8���ÿ����¸�¹�º-ü-ÿ�8���ÿ����¸�¹�º-ü-ÿ�8���ÿ����  

�Xæ�M æ�ñ�i � � Ñ ÖmW � ��mXÄ Ý á 	 o + h	i�j y�e lÖ � n�o)p)q � �-sDtuÖ ; u y�e	v tuÖ À W � ¸m[ g q	�ud�æ° i Þ � � ÿ�� Æuð v ñ�G}[ ,�. �bdV[�ã�s�i ; jml�²-� . � È
É_¼ i v�Ã�Â}ÿ�� Æ-æ Ç [ b 3 �Ý" S�z}Y ¦�B �u¾_[ b 3 ; |�}
\�~_[ wTx ��O ð�z-� æuw�M [ 2-6

f �àA	� >òl�iÃ� 3-4 A 0�Ñ
b 3u��i ^�H [�É k â)�-s)�mW ;��\y�V�Ü ± � v tuÖ���sXü ä[�i ´ w Ì k Ym[ n�o)p)q ; tuÖ u S � f [	�-s�µXj	2	3 � �
3-5 � Ú ´ w	x ¸	�bd-µ�iÔj�2�3�~ � � 3-6 � j íÝ ¶uð�G�Y�� ¬ � Â�W Ó � � 3-7

~uü ¶ · �}�}`b�b�����2�3 �  

3-5 X�Y[Z���\�]�^S��j�_X�Y[Z���\�]�^S��j�_X�Y[Z���\�]�^S��j�_X�Y[Z���\�]�^S��j�_  

æ��'` í ;�� � Ñ �	!b� ^�H ;�a k ü <�= ÜTÌbRb]u^_eZfb�ý é���� º���A Ë>òl�i�ß#ïV° º	^�H � ��Au�X� U�Y ; W � �-m
Ä)ì Ì a b � Ö : �-ë�<�b�c �X� U�Y�i v Á_Â [ � k �X� ,�. äÊ k iZÚ Ò#Ó y�e	f 2 ; W � �-muÄ-æ��)2�3 � � 3-8 �  

��;�Y�� ¬T ±u²}�b`b��ï�# i �_l Ê ² A
�V[ f 2 Û � + w

Ü ±uü_� � [#`b� iÔg Ê ² B
� � ü_�}� ç û f 2�i � ¦ â�ô ¡)î[ ,�. � j�\ � â A�d ÒX[ ¸	«D¹ � ä Ê U�Y_¤�i Ê ² B

� ¡ õ��  
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 �
3-4
�

3-2 ´ W � �-muÄb�	2�3 �Íy�e-v ¾uü�×	s À [-�� �  
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 �
3-5
�

3-4 ´ w ã n�o	p	q ; tTÖ u S ��Ì y�e �sX[�2�3 �  
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 �
3-6
�

3-5 ´ / y�w	x ¸	�bdb�	2�3 �  
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 �
3-7 §©¨-¶ · �}� �_y�_Ï � � eZf��bd�����{\� 3-6 #�B��  
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 �
3-8 ¸	«D¹�k g U�Y �X� ybü � k�Ô�h �}�U�Yu�u¾T� ¦T¨ d y

e	f 2 � ��;�Y�� ¬T æV²mi A �b� f 2 Û � + w�Ü ±_[u� � `b� �g
B
�b�X�}�} Xg � ë y�e	f 2 �  
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� w�w�Á [ À �Vg ¦ Ô)VVü�â w �T� k ( ª��_v ÚVU�» J g}h�i ê[ Ý âV�}� ) �  b� A u » J ¤�i Ê ² A
� ç2¡ õ A ¿ Ð ´}ðb¾uü

w# R ¹�k � ß x ��� A Ñ k eZfÙl:����+���i ç ¦ v �u¾�H\W#U
» J � Ü ± ¦T¨ dV[ / y�e Ü �  

ALEP
R_ËbÌ����_[��ud ÐuÑ â : ��yU�Y ä Ê � �X� i ÿ U

» J ¤bð�0Vü_�}�u[ ä Ê k á	z-{ f 2�iVÚ v W � �-muÄ À �bd-mÖ ¦T¨ dV[ f 2 � � � 3-2
�}ü v � k �X� U�Y ä Ê [�2�3 � A Ë

n ö_¤ ¦ O � k � � k » J �X�}� ä Ê ����Ô Ý V�i S Ê ² B
��=

¦ Úuë�f�gu��h (
�u�

3-2) � v Ëbü Þ�³ Ú Ò#Ó W � �-muÄ	~ Ê ² A�V[ f 2�=_ðTÄuÖ�i Ï îÛÚ ¨ dV[ / y (
�u�

3-4
i

3-5 ; 3-6) �  ��< Ê ² B
�uûSÔ f 2Xi ~ A

�b� y�e 9 ¦ �T¾uü I#J å y [ w «
~ iÍW � �-muÄuR�êá � ¯b°bü º��  

· �T��i��-ë-æ v V_ü B
��P

A
�)4 � f 2_[�\ � â��-ëuë�¦

�#�T[�0	1
i ð v�B Ô ��Ç ³�´ ì�V[#`b��ï�# i�ß�,	â æ	� l#W
ã}í ; [�æ�þ ý é���� º�� g ALEP

° ,�. ÄuÖ
A
� f 2_[�\ �

âDä � Ñ ��© [ � ö ÿ Ë��V[ y�e ð v ¾uü w ! � � ��* ã ( 	�� B�
)
[_W � �u� wb� i M_Ë y-ea TuS�^ h �\g-y�²�Ô�m_Ä � ßT��

ALEP
à���; w�+ ñ ð ³�´ A

i
B
 �!}[ ý éXeZqTöÙî:m_Ö A f2_[ ,�. �  

G æ ñ�÷ f [�?	@Tð ± i ñrW � �-muÄ v�"by�e�w	x ¸	�bd��
{ æ	� í Â [  -¡�¢)£ (Route Tracing)

%	&bë��
(
� � J A) �ªvZý é��� º [�X J g#h�i$ê}ë � ; f 2_[ y�e-v ¯�x ��� 0	1V[ b 3 �

Þ � �
i AVw Ì Übüu[ y�e �bd����Ùl�iÔÜTÌ_[ ý é���� º	^�H �
� S�+ Ä y�e [ / { � �� ÀbÀ eZq � ßSô�G v Á_Â �-*�� ��� c�	� /#0 [ ÐbÑ

(Ko ike and o thers,  1995; Raghavan and o thers,  1995)

i v©<�=�� ø  -¡�¢)£ ç â Ì h � i�j [�i2á �  
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okj rokj rokj rokj r
 A L E P ;=lnmoAqpqrDsstDCBE;=lnmoAqpqrDsstDCBE;=lnmoAqpqrDsstDCBE;=lnmoAqpqrDsstDCBE  

��M 9	?	@ ALEP A\� RVWrï ybzT{}|��_Ï õ}ö Ô i�æ # � �§ [��bd���s ; j b 3 � jml 	�� ä 1.
� �b�T�-�_Ï {�ñå�T¸)�}é

��} � 2. ��Z `u��U	Y � 3.
Y	T ¬bVyuz ��� � 4. �_�T�\� �T¢ ���

5. <�=b»Xº eZfb� » ¿ �b��_ÏXÀ�� �uæ	� æ�ñ�i ALEP � R¦�BÙäåÊV{b| �_d Ô [ ^�H � § â��_·Ve}f	c�d a b l i	j ¼ [�	� ¿ Ñ i ÿ çuÌ z [ ä Ê k-´ Ëc�d�µ_¾uü i�j�¹ ¼ � Ú v �}�
�_Ï [ ÐbÑTÒ#Ó	/ y �bd �  

R}S ÿ�� ÆXg#h�i � 3 ¦=)Í WXeZf��bdV[ À f i Þ � � ALEPð vTÈ#Ébÿ�� SuçuÌ�\	¤XeZf�t��Vð � [ ybz ��m� � ® w Ð � i
ü�+ { . �� ä [ � 4SõV[�bd b 3 ikà}ð È#É�u � ALEP

lZ[ue
f-c�d)¿ Ñ � : Ó 9XeZf-c�d�µ�Ú�Ë�W ALEP

� Ñ i v �}� �_Ï [
ÐbÑ ó Ó	/ y �bd �  

v ALEP
[ �	� �#�\g#h�iÍeZf-c�dX[ ä [ Þ � ��{ Á_Â [ �

��Ç ¸ g edge det ect ion h eZf��bd�ýVüTÌ � � � Ë i ��Û �bd�Þ HjD2D3m°)9 äãÊ k cò·_¾ # R ¹ ¼ iÃj�µ { [ / y õ_öa�\ð
G
ALEP É\Î ?}¾ � d_hT��i ALEP

áuð v 0Vü w 8��_[ / y �bduõ
[ i ýVþ#ÿ�� SuçTï Á_Â eZf��bdV[�2�3 �8��M�v f æ�ñT� » ¿ �
��_Ï =�â w > �  

4-1 µ�¸�¸�¹��xwzy���{�|�}��µ�¸�¸�¹��xwzy���{�|�}��µ�¸�¸�¹��xwzy���{�|�}��µ�¸�¸�¹��xwzy���{�|�}��  

ALEP
RV� �b�T� [ueZf-c�d a b i Ö-9b`b�b�u¤T -cu� Ý i {

�}�u[�bd�? ¶ #�B�� � 4-1
ü

ALEP
æ �_Ï � §©¨-¶ · [ �T� /y�� � � �b�T� á\t�âT`b��¼���~��\[ �_y i ]TÆV[-�� £ tMýVü

Ì � �Ýª�� ALEP
[ �T� / y �uû È#ÉXv `b��½��}� Ô / { ¤ ] [{ ¶_ü �	� \�~�iùø � ü��bd����ÙlÛç y�e [ i�j ¼ Ô . STü} �PSu`b� ¹ J i A W � �-muÄ Ô T A ¹ �V[ y�e ��Ô�� : m_Ö � ß Ì  
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 �
4-1 §©¨-¶ · � �T�_y � � eZf��bd����uÖT`b�b�u¤T -c Ý {\�

3-7 #�B��  
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�Tö · �T��{�½ ° h ���}�V[�\�~ # ��iªd O ��9 ÿ muÄ-µ�æ��\[
×	s À / yv {�¼���½D¾ #Dî5 � �  

A Ë��	ë v §¨  ª�«�º)» `m�u[}Ú ¹ Ä	� J [T`_�\e#f (
�

4-2a)
ö w ñå�T¸)�}é-�	}b� <�=�� R}Su�b��½D¾}[ / yv g#h�iª�

²�¼�� * ã [ o�k {b�_²Xî��Z[ o�k R-S#�uU ¦�#�B i�ü��2�Zö
n�o	p	q � r �s)tTÖ Ô R Ý [ p	q + �b�mî��Z[-�s iÂ�-ë�9�b�)��� y [�Ñ�Ò k È#É . STü ¦ ð	tTÖ_[ ä Ê k � � Ë�Þ H ¬ �[ �T� / yv °�� ; ��� y iÔË <�= ½D¾M=_ð�, Ý [Vî� � ß�á	â
{ �T� ���� wT¦�B [�bd a b �  

�
4-2b
�}ü

ALEP
æ <�= [ º	» `X���}é�½D¾b�_i � 4-2c

~uü
Í-�-½D¾}[-��m�

( G ñ Defontaines et  al. ,  1994) � G v �)ì_�Zð v
: î ^�H �}é�½D¾�iM�Tj A `b� Q�� Ü ±_[u�b��i ñå�T¸��	}V[�2
3-{ · � h � É�5 i ø A `b�TÚ w é_[ w \\�~ ¦���# � � j ^�H
\ � � â v Ñ�Ò\eZf_ü �	� Þ�³ [mñå�T¸��	}ujTÄ-� J ë�x�i A `� �TÈ ·Z¸2��ä Ô ëbðu°�� g ¿ x�· � ç�A [ ä Ê k i���� / y c´���� � v� >\g#h�Ñ�Ò k CXÓVü 0.005 J i ¬ #Dî S ��� W�¿�»�i
· �T�TÚVË_�#UVWrYX[-¼��bü���i d_hT��ß-â w Ì Ä-� J h S�ñå�¸)�}é-�	}-æ Ç [ueZf �  

4-2 ß�à�������ºß�à�������ºß�à�������ºß�à�������º  

v `mp}ì � � [�X J g}h�i �	Z `b�uð v �b� � ¢V�}�V[ �_y
����� ö � [ �b� �Ãv � 1-1

ü>�i §©¨  ª �#éb�)���u`b�X��=W�@ vT�	Z�À `b�_üTj �b��� ø A YVì . S#� �	Z `b� ¦T� �}� �
� �XÀ�+ � ÜXÝ��Ô£ t��-ë Ç�Huw#Dî y J [#`b� �X� ðT° vÙä �
[ ÐbÑ Ä �bw�i�j [ �	Z k � ���u¨ dXg#ë b [ v ñå�T¸	��s i v
Ä-ñ	~}ÚVü2F'G �  
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4-2a º	» `X�Z`b� ¬T � � ÍqK �b�b`b� ¹ � �  
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 �
4-2b º	» `X� �T� / y � g ñå�T¸)�}é-�	}V[ <�= h �  
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 �
4-2c º	» `X� � ��½D¾b� g G ñ Defontaines et  al. ,  1994 h �  

 

 

 Þ � � v `u�u`��X[�X J g#h�i ËTÌT`b�V[ {}| â A�ä Ê k ì
w lÛ`b�TÚ ¹ [ w w ]�J	w é i Ú h [ w w ~ ]�J Ú á � v Ëbü\~��-ëuð v �	! w-wV� i�j �	� � ¤ ä  
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1.
. S�z-� wV� � È ¡ i8��! � 4 Ì Ð ´-�_�Vl#eZf k [ w�ób¼ üèVÐ ´b[ {}|_¼ ( � z-� L w�M � wV� i�j �	� ) �  

2 .
0�4 Ì {}|_¼ {ÙlM¼ k ü ��Ì Ð ´#çuë � k y J � �X� ià��ñ�!� ��Ì Ð ´b[ i�j ¼b� ¤ ä  

a .Slope 1 = 
Ú ¹Mw {}|_¼  -  

lM¼ k�¹ J  

b.Slope 2 = 
lM¼ k�¹ J  -  

Ú h�w {}|_¼  

c . i�j ¼  = abs(Slope 2)  -  abs(Slope 1)  

d .
u J_{}|_¼ Ú h�w � Ð ´Tü ä Ê�d ´ �  

3 .
|	}bç Ð ´XlM^bU_[ i�j ¼ übË k � i�j ¼ i8� . S è �X� � äÊ�d ´TübË k � ä Ê�d ´ � <�æ_ë i�j ¼ êãü'� Y�i�~ i�j ¼ ü
Ê i(¯ ä Ê�d ´ �  

� hT�mi i�j WZY ¼ ü ° 6b� á ] (Slope 2) ]�J q Æ é ] (Slope 

1) ]�J [ î R ¼ �	ï � Ë	WZY A é ] ï 5 ½ w i g á ]bÉ�5��TÈ Ô
ï 5 S�ý_U_[S, ¼
� g#j�ù���� i ¦ O â á � é ] { ° 6 #   � R
¥u�X�}� �k� ` �àw ` ��]�J�ó�� [ ¶�]\ÀbÀ i�Ë	WZY ê-ï 5 S#Ê
� ¾uü'� ¼ �ë� Ë i�j ¼ ð v , Ý [�Î#±�æ Ç [ �	Z `b��iÃ� 4-3übË �	� ¿ Ñ �_²�Ru� ; � � S w ^}`b� �X� [���> i ð v�: î �
Z `_�Vð_¾�æX[SÔ Ê ²_ü i�j ¼ [ ¸)« ¹�k i g}� À�#  X[ ] �
( 5 � L

�
)
`b�	~b¾uü'� ¼ �  

A Ë���ë v §©¨  ª Ý �#�)���u`b�_ü>�i86�7b°�9 �	Z � yz `_� {T| i v , Ý	�VÏ
� � 1-1
üuËV�#éu����_`u��' Ü#¬b

��iZ' Ü�)�* � . ü�, ª Ð � ´ wV� i�j �	� µ�iÔj i�j ¼b¬Tu��
4-4a
i ÍqK �b� i�j�¹ ¼ i�j�z-� wV� � È ¡ . STü 8

Ì Ñ�Ò�C
Ó�i #Dî S 9 k y}� �X�SÆ £��Tðu°u[ �	Z `b� � Ë Ý i � ü ä Ê  
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 �
4-3 (a) �	Z `b�b�_²�Ru� � jb¤ Ð übË}`b�b� i�j ¿ Ñ � (b) w ^�b`b� �X� ��> � (c) i�j ¿ Ñ R �X� (b)

[ �	� 2�3 �  

 

 



 54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 �
4-4a  ª Ý � �	Z `b�V[ i�j ¬T ��i z-� �}È ¡ ü�� Ì Ñ�Ò

k �  
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 �
4-4b �	Z `b�b� ybz�_Ï � � ^}y�� � r y Þ-â �	Z `b�TÚ h[ w w � �bd���� 	�� ä l Ö � �}� w Ú h-i�j ¼ [ y�e�� tTÖ rS h Ì y�e [-�s ; tTÖ   S h Ì y�e [ u y�e-v��  
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{}| W©TbS H �mi Í S 1000
¿�»_[½ Í k Ô l Ö}S	�bd� �!r� Ý���_lãÖ}Ú Ü ±_[�Ë Z `b��Ô�Î#± Ý i TbS ¬ ]	; ¬ Ëu�b��2�3�4 �

; Þ�5 � � (Song and Chang,  1993)
� �T� à}ð i v U	V � v Ëbü�%[ueZf wV� i ´ � / y �bd a b æ��)2�3 � � 4-4b

ik�_l y r w �[ r y�d ²�+ ä Ê�d ´ i �}Ë}`b� y Ú h [ w w �  

4-3 A�B�C�D�������ï��A�B�C�D�������ï��A�B�C�D�������ï��A�B�C�D�������ï��  

Y	T ¬b l#[ yuzb{T| Þ � �	â K�LV�	Ü \TR�P # R Ü ±_[ �
y � v 8 K [�� R � ¬T (gray level image)

ü>
ALEP

[ wV� i�j�	� �	! � ¤ ä  

1 .
. S�z-� wV� � È ¡ i8��! � 4 Ì Ð ´-�_�Vl#eZf k [ w�ób¼ üèVÐ ´b[ {}|_¼ (C1 ,C2 , . . . ,C8 ) �  

2 .
��ñ�! �

Ck
{

Ck+ 4 ( #   Ð ´ )
�DC�ï_[ î R ¼ i8��u J C ¼ Ú

u [ Ð ´Tü ä Ê�d ´ �  

3 .
}�^bU_[ î R�ï ¼ ü\lM¼ k [ i�j ¼ i èVÐ ´b[ ä Ê�d ´Tü\lM¼
k [ ä Ê�d ´ �  

ËTô ��� [	R-S�â ä � 3 w eZf k ð A j ��Ì Ñ�Ò k ��X[b³´XlZ[ �Vw Ð ´ � � j�� R ë Ü ±_·Z¸ i ~�ê�=�â ¬T_ybzT{}| k[��	|bÆ�i ·Z¸�U_Ubðu°}¶�U ¹ � � 1-2
ü w#©X«#¬T [�� R��-�

�
( G ñ Koike et  al. ,  1995) � ´ 12 k [ wV� i�j ! � æ�� i�j ¼b¬u� � 4-5a

i I �b�b� i�j�¹ ¼�� Ú ´ j�ù ybz�_Ï	a b µ�2�3 ��
4-5b �  

Ë ¬b æ T �Zé_ü w �b� i � Ë ¬T ®b¯ Þ � �uR � S\�}� ��u� [ / y
�Ã� L w�M lXæ�ñ�iÍË->�lr`_�Xü ¬ � ISJ [ ^-H��
S i M I�J ·Z¸	{ )�* [ Ð ´}ë���i � Ë��bd Ô <V° � Ë w��SN iv ��Ç�i ~�æ��)2�3_[ ¨ db¶ ; t = J ���#í ¹ (Ko ike and o thers,  

1995; Raphavan and o thers,  1995) � ø äåæ ALEP
� Ñ lZ[ ¬T �bd

úZû-9_Ë}ô �SN tSW���Ç �  
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 �
4-5a
�

1-2
Y�T ¬T � ybzT{}| i�j ¬T � � z-� wV�}È ¡ ü

12
Ì Ñ�Ò k �
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 �
4-5b
Y�T ¬T � ybz�_Ï � � eZf��bd���� 	�� ä n�o	p	q w

ã � tTÖ r S �-Ì y�e [-�s � tTÖ   S h Ì y�e [ r �s �  
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4-4 i�jSk�l���p�lï��i�jSk�l���p�lï��i�jSk�l���p�lï��i�jSk�l���p�lï��  
# ÚuSVj�ùV]_^Ve#fm�-[
i �_�T�\� (

Ë�>�l�� d  u¡ �_� )
Þ

� �V[ ¦�B â�ê�[bë Ð ´#�V[ ¦ R�¥u¶ � wó g#h i �X� [½ w Ð
´u�X� � k [ � C	�	��i �VÈ Ð ´b�V�Vç � k [ Ô CSs.t (Time 

Ser ies)
q ² � � Ë
iÔ b¡bq ² [�U�Y £ tSÞ A��TÈ Ð ´#� Ò#Ó � gä Ê	f 2 « A�# ° �Ty �DC Ò#Ó (Lu and Cheng,  1990) � ® w Ð � i�u� q ² [ � g J á !�¹ S_j�ù\eZf
i # �}[Z¢ � ��_õ}öòl�i «â ärÊ U V ÐmÑ ��[ ¦ B =òë�H�W\[ ��� i v ��O (Lu,  1982; 

Keskes et  al. ,1982,  1983; Le and Nyland,  1987; Huang,  1987; Love 

and Simaan,  1984; Chen and Moore,  1988) �  

A Ë
iÝ�-ë�Ö : .	7 vTw ^u[�X J �	! w�� Ô CMs�t#� n öX[
i�j WZY�i½Ú���Ç �-Û 9uj X�� S wV� i�j [-�#� �8A \udb��i ÔCMs�tXlã±u²u[# b¡ k�� â w  b¡ Áqz [ Q k i á � âuË>òlM�-ë
.	7 Ê . [ ä Ê k (

�u�
4-6a) � Ë k [ w Ì ^�HT{}| â ä A ê#� æq ² lã±u²u[T°�� !-h S�ê�µ Ð [T°�� �� Ë�9XeZf k µ Ð w . kY��}°��u[�Ë � q Æ Ë k � æ�B��  �!}[T°�� � i�=�â w Ì ô�õV[ä Ê i�j ¼ � j	¿ Ñ � ¤ ä  

               k+n          k-1 

Weight(k) = S |a(i)| - S |a(i)| 
                i=k+1        i=k-n 
 �

4-6b
lr±_²uË ��� [-2	3 Ý ð ÿ�ä Ê k A Ô CMs�t#�u¾uüw ¸	«D¹ ¼�� B�� [�i � 3��-ë�9 wV� i�j �	� lZ[4 Ì Ð ´-�_�0Vü ä Ê k [ æ_� µ Ð i ~T��ñ	¿ Ñ [�����=_ð v � � S wV� i�j[ �	� ikj a b � ¤ ä  

1 .
. S�z-� wV� � È ¡ i8��! � 4 Ì Ð ´-�_�Vl#eZf k [ w Ð�� üèVÐ ´b[ {}|_¼ (C1 ,C2 , . . . ,C8 ) �  

2 .
��ñ�! �

(C5 -C1 ) , (C6 -C2 ) ; (C4 -C8 )
� ¼ (C4 ,C5 ,C6

�u� Ô C�s�t�-µ Ð � C1 ,C2 ,C8
�b� æ Ð ) �  

3 .
}ujmlM^bUT��, ¼ ü\lM¼ k [ i�j ¼ò� < êãü'� ¼ i i�j ¼ ü�Ê �  
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 �
4-6 (a) <	= � w ^ �	Á � (b) �	Á-Â�Ã k�i�j ¿ Ñ �	� �	2�3 �

A1 ; A2
��ñ_ü	ì Ì ðu°u[ �	Á-Â�Ã k i A (b)

lã¾uü i�j�¹ ¼ �  

 
�-ë v � 1-3

[ �u�}�X� ü>�i ´ , k È ¡ � wV� i�j �	� µ� ¬Tu� � 4-7a
iªÚ I �_ü i�j ¼ ¹ � � ü�tTÖ�Y�� g q��-ë : tÖ

50% i�j ¼ Ú h [ueZf k i 2�3 � � 4-7b � j}¢ �#ybz�_Ï [�23�~ � � 4-7c � � 3��-ë v�#�B �bd a b « 9	z-� wV�}È ¡ �Vü 20

k i 2�3 � � 4-7d � ð v�: î ¦�B [�z-� � U u ð é ± ¦�B » J [ b¡T¢ ���  
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 �
4-7a
�

1-3
[r }¡#¢ � i�j ¬# � � Í�K �}� i�j�¹ ¼ i �ÛÚbðT°üZ }¡#¢ � [ ä Ê k �  

 

 

 

 

 

 

 

 

 

 

 

 

 �
4-7b l Ö 50% hi�j ¼ µ_[r }¡#¢ � i�j ¬# � �  
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 �
4-7c
 }¡#¢ �ry}z©�bÏ � g z� wu�ZÈ ¡ ü 9

Ì Ñ�Ò k�h  

 

 

 

 

 

 

 

 

 

 

 

 

 

 �
4-7d
 }¡#¢ �ry}z©�bÏ � g z� wu�ZÈ ¡ ü 20

Ì Ñ�Ò k�h  
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4-5 �����������	úÓ�����������������	úÓ�����������������	úÓ�����������������	úÓ������  »\º_�_¹Tº�� [ yuz ·#¸mt#°}�b�b`u¤Tµu¿_[ �b� iàß�á	âV�
éb`\prÄbÅV[}õ}öòl w ô ¹H [ueZq � �-Û , Ý [9b`u¤Tµu¿�æ P
Q [ ¹ã»�b � é ±\î + i £ t Ç ��Çu`b� � `T¢ � J �Ô» ¸ Ç�J�;» ¸ Ð ´ À WZô�G ��© G vTÈ#É Ä � [ �SN�� ø A\¹ã» eZf ��� è
éÙl�i ë�H\W}ì}Æ. � Ú#O#S » ¸ Ð ´ À��SN i È#É 9 ¹ã» ¿ �b�
Î#±\î + i\M�t�� #Dî ¾�3 g e.g. ,  O’br ien,  1971; Nabighian,  1972,  

1974; Cordell,  1979; Rao  et  al. ,  1981; Thompson,  1982; Murthy,  

1985; Barongo ,  1985; Blakely and Simpson,  1986; Hansen et  al. ,  

1987; Hansen and Simmonds,  1993; Ried et  al. ,  1990; Keat ing and 

Pilkington,  1990; Ofoegbu and Mohan,  1990; Roset  et  al. ,  1992; 

Marco t t e  et  al. ,  1992; Marson and Klingele,  1993; Hsu et  al. ,  1996 h �  
ËTÌ-�bdV[}¾�3 v ALEP

[-�#�\g#h ¡ ü w ¾�æ_[ueZf-c�d�i
� 3-9uj-�bd	2�3 È#ÉXv� � Ñ ö\�}� ybz�_Ï i ~ ¹ã» eZfV[ y
zT{}| áuð v Ô �_Ï î +b� � 4-8a

ü w�<�= �b`u¤ » ¿ ; j A `b�
P�Q [ »Xº�� �� g G ñ Hsu et  al. ,  1996 h � Ë »Xº�� �� ´ ]�ã[XÄ��òq ² (analyt ic  signal)

eVf �mdDµ � � 4-8b g Hsu et  al. ,  

1996 h ikð : î ��Ì » ¿T� �T� Ô é ±uü i�j�¹ � iÃ� 4-8c
�}übË

i�j�¹ � ´ ALEP
�	� æ��\[ ybz�_Ï �  

G}Ë�>�lrð v � � i �	Û ¾�æV[ �T��Ç ¸ (edge det ect ion)
�bd

��s êÛð �bv }b� � � Ñ [ueZf-c�d	���
i A Ë����T¤ ALEP
Þ �

�	â w Ì 8��_[ / y �bduõ�[ � ß ÿ � ALEP A çuÌVeZf��bdÙlãðv Ô ýVþ g�T¶V[ i vZÿ����  
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 �
4-8a <�= �b`u¤ » ¿ ; j »Xº ��mi �_lZ[ ��Ì > Ð ¿T�b� ��Ì`_¤ » ¿�i jb�X[ À ¹ y �u� » ¿ A `u� P)Q [ »�� �� �Vg G ñ

Hsu et  al. ,  1996)
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 �
4-8b v ]�ãTÄ-�uq ² ö » ¿ �T��Ç ¸	�bdV[�2�3�i ÍqK �b�uð°u[ » ¿ �T� �Vg G ñ Hsu et  al. ,  1996 h  

 

 

 

 

 

 

 

 

 

 

 

 

 

 �
4-8c v ALEP �_Ï � » ¿ �T� �  
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4-6 ALEP ������������� �¡	¢�����ï��)ú�£�¤ �¡	¢�����ï��)ú�£�¤ �¡	¢�����ï��)ú�£�¤ �¡	¢�����ï��)ú�£�¤  

A ��¥#`\p}[ ��� è_éÙl�i Ë Z (shelf break)
`b�b�-U�Y ; j �

C��mt�âT`\prÄbÅÙl cXá���V_[ ¹ k �kv §©¨)È	É Ý �#�-Ë Z `�Xü->7i j w�ó)Í�J « ¬ 80 ¦ ikÚ w-ó Ë Z `_� H +�HÙW g ¬
180-250 ¦qh i M�ñ¨§�© v É Þ � � � ëuð-U	Y\[Ë Z `u� g z��
Yu and Chiang,  1997 h � ËTÌ {�ª `b��{ wó ���-ï	ð#Ú_U i(�ãSa�
Q â�¤ ^ ß�V . ë��V[_pãâ i�< v��� lZ[ �	Z `b� ybz�_Ï ÐbÑ
i v©�_Ï i î ð}í�� w Ì ª � î R�, Ý i ç ÚVübÞZß\[�Ä ���  

�
4-9a
�}ü

ALEP A Ë_�©æ �_Ï � �	Z `b��i �_l & Ê ² A
�

´ É ��� [�y y�¡ õuR � S Yu and Chiang(1997)
æbí ; [ ¬ 80 ¦

Í [�Ë Z}y��ªÊ ² B
�_ü ¹	« 4 � ÉMw Ì � w § [ u�¬)¬ Ë �ªÊ ²

C
�uU�$_üË Z}y þ g [�TD³ iÍg�! �}Ê ² D k [ y�¡ { Yu and 

Chiang(1997)
æbí ; [ Ý w Ë Z (out er  shelf) y�# � � � 4-9c

±u²�+
Ë_��� ��Ì� z [½ ÍT�X��; G ALEP

,�. [ �	Z `b� i�j ¼ iMN
ã æ d ü�� Ñ A ]u^V��[#� ,�. [ �	Z `b� y [�TD³�i ß Ì ��X[
2�3 ¦ « W Ó + ALEP

R�Ë Z `b�V[�U�Y	{���ñ�®uW�½ ÍT�X� [TÜ
ü�Ä � ï	ðSý u i@M A_ybzT{}| [½ w ´ / { ¶V[�Ä � ° º á ¦�¯W	° �  

�
4-10a ; 4-10b

��ñ_ü §©¨	ª�« Ý � ¬ Ë\�T[ �	Z `b� i�j¼ �� ; j / y �bdV[�2�3�i ¦�B Sm� 4-4a ; 4-4b
ikj�Ñ�Ò � JÚ_U�M / y �bd Ô Ò ÷�+åÚ\WT[-�s � �_l_ñ ª g É ��Ì�� X²± z��ñb�b��³�Í�´ � 2�3�´ � 3�µ�´ ; Þ�5 ´ À ½u� · ´ �Ív `\prÄÅV[�X J g#h
ikË����2�3bÖ +#� 4-4

êã±u²}�-Ë Z `b� � 4 �u�
�_Ý iÂH\WS» J Ú u i���bS ¬ Ëu�V[#`b� y à}ð A ËV�_lã±u²���b��;�¿ x `\p-R-S �  

�TÊ ² 1
� Ð !}[�H\W / y ±u² Þ�5 ¬ Ë g Chilung Shelf,

�u�
1-1 h v Ëbü\lM¼bë�H\WT´  � ´ ª ; ´ É �	Z [#`b� y i(\b²bË  
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 �
4-9a §©¨)È	ÉÊ �#�-Ë Z `b� ybz�_Ï  
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 �
4-9b È	ÉÊ �b[ ��Ì ���u`b� �X��� �X� TD³��u� 4-9a

i�`b�
� Ð å y ü �	Z `b� i�j ¼ iON ã æ d ü �	Z `b� y �-TD³ �  
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 �
4-10a §©¨	ª�« Ý �b[ �	Z `b� i�j ¼ ��m��i � ¼ � Xã�_ü Ý�#�V½u� · ´�i Ê ² 1 " 6

ò Ü�Õ � �����  
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 �
4-10b §©¨	ª�« Ý �b[ �	Z `b� ybz�_Ï �òi ��¼ � Xã�b�b�V½� · ´�i Ê ² 1 " 6

ò Ü�Õ � �����  
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¬ Ë\�#ðu°Të_´�� x ��¶�·b[�ï�# (Song and Chang,  1997) ��Ê ² 2[�÷ e ´ Ý � �)Z [T`_� y ðV°_ü�¸ � S����V��¹·�� R§g»º Ú
¼ � H*½�¾
i 1988 h ��Ê ² 3

�V[#`b� y ±u²�+ãË_� ¬ Ë_ë ¦ £ t[b´�� ¬ Ð ´�¶�·b[���� �ªÊ ² 4
�	~b±u²�+ A ¬ Ëu�uë w Ì � 2

3�4 � 7-�u[#`b� � ËTÌT`b� {}|.� j_·Z¸�» J Ú�Ë Zb� 4 �u�T�
ü u i w�ó g#h}Ú�G & `b�\� g�� � 1-1 h � È#É Ä�>�iÔø ALEP[ ybz�_Ï ë . ¶���X[#¶\p�i ¦ O `b�V·Z¸�» Jb�-Û ä u i>Þ H
[bë�¦���y J [ � C / { ¶
i6�uð�G©� Ñ �_Ï î + i�ß�á	âòñå�T¸ybz�_Ï [���#T� w��  ��Re ALEP

[ / y �bd���9-æ_ë I#J å y 0Vü î�� [ ¦T¨ d
À � ikg�9uj Ç d-muÄu¾�� I#J À�¢�� Ë�	!V[ ^�H�ä [Tü Ð =	9
�TS � g [ / y ��� v �s�y r � â�¤ o�k ÀSí ~ i v � ¸ g � L� M h � j�É k â � 3 yuzb{T|	Ý ü w IaJ å y i ~uË {}| 9�Ô ë
ì � � � 4-10a

lM�-ëuð v�:�Â ³�Í�´ Ð ! ~}w ß À [ ¹Xi�j ¼ iø ´ / y �bd-µ g � 4-10b h i A � 4-10b
l è · � Ð ç�:_¦�Â�# R

� [ß À / y�� Ì � [�����á � QAbÊ ² 6
�V[ w Ì ðu°bü	���X½

�T[#`b� g Ë}`b��[bë Ü ±_[ »Xº   � ik±u²Tj_½}¾Tµu¿T� { ¶�iz-�
Hsu et  al. ,  1997 h � ø � 3�ß À `b�V[½ w ´�» J �uU�¿_ð iv U�Y g��TÊ ² 5

�V[#`b� ¹ � h �  

� hT��i
ALEP

R�y_g / { [ ybzT{}|��_Ï ° º Ú�Í�i ø u z ß
À �b`b� y ~Xt�Ô � ¸Vü�å y_� Ô'ÀS$ � ß Abÿ��� � Ñ ���2�3
Ô y�²�ÁTÄ
i v ���#� � <���ÁTÄXeZfÙlXâ�¤Të Ü ±_[ß À `b� y
Ô'ÀS$�ikð v z-� i�j ¼ ��m� g�� � 4-10a h i v�¨�Â �  

4-7 �'��Å�ï�Ã�Ä�ï���«�Å	ú�C�Æ�'��Å�ï�Ã�Ä�ï���«�Å	ú�C�Æ�'��Å�ï�Ã�Ä�ï���«�Å	ú�C�Æ�'��Å�ï�Ã�Ä�ï���«�Å	ú�C�Æ  

��Re [ ALEP
� Ñ Þ � �	â k R�Ñ�Òb¸\eZfXg©�	!�i ª�� ê

Ù�H�� À CÓÙe}f ( random dat a)
[�Ë�W�i ¦ � � ËÙl � � Ñ [ �

� iÔø�ê� � ë §¨ � f k (empty nodes)
[�Ñ�Òb¸ �	� ° º iàß x
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¯_eZfV[ � f k ð ÿ / y [ / { ¶Vá Â�#Dî [ ¬ � � · �T� ALEP
>	}\e#f Ô â�9\e#f k [ Z ¼ ³ZS ÿ�� Æ . Sb[�Ñ�Òòl Ó � ^ 5[ f k i><\eZf k [-�� ó�� M � J U}S�Ñ�Ò k�Ô i ALEP Ý ð ÈÉbÿ�� S�\	¤XeZf ( raw dat a)

¯�² : Ó Ñ�Òb¸ �  

w�ó g}h�i ü + ÿ e#f�� Â ^bë b [ ÿ�� iÍeZf��bdbÆ�¤X´ZS
9-\	¤XeZfTöbÚ ��( [�Ñ�Òb¸	�bd � ß�R�Ç�;SH\W f k�È øbðu°��
¯-� � [ueZf k iÔg�y�²�G # ÓbÚ ! [�� � k v �ï �TÝ ï �	� �
Âuw Ì É�5T¨ dV[ f k ¼�� ð v ���}ËTÌ �	��É � ¶\pãÚ_U iÔü »eZf wV� [�Ê . ¶�i wó Ñ�Òb¸	� Ñ � ÿ ËTÌ � f k # R}S_ë�� �¼ [ f k ±S�uÚVü w	x ¸ � ßTRòñå�T¸ ybz�_Ï [}õ}ö #Dî#¦�B i
� ü_eZf w	x ¸�µ � �}� �T�	Z `b� À ��� {}| ·�� <�� i ä Ê U
VV·��CF'G
i ybz / { ¶V[ ,�. á � á ÂT¬ � � � Ë��;�\	¤XeZf[-�� ,�. ¨ dV[�Ñ�Ò�CXÓ�iÔR ALEP

[-���2�3�â�¤�, Ý�" ü)�
P �  

�
4-11a

±u²�+ §©¨  ª Ý �b[����u`b� �-Í k ���ikð v�:î Ê ² A
�T[ Ï � ·XÐ ø � k ��bÚVü ó�� i g Ê ² B

���T[ � k�� v Éª ´ Î_y ü ^�� � 4-11b
ü Ê ² A

��� ´ 70x40 k [�Ñ�Ò¸ �	� µ Ò#Ó [
ALEP �	Z `b� y�_Ï i�jmlZ[ / yTÏ S w 3-D

O
¿�' Ü �Z� gZ)�*�+ ñ ª	ª)È Ð iÔß � Ð ´bü  ª  Ð h iÔÚ æ tç\��4T°T±u² �	Z `b� Ê ²u[S, Ý ¶ � Ë-Ñ�Ò � J U�$�{-\	¤XeZf
� J-#�B i8á	âbR ALEP

g#h}ÚVü ¨ dV[�Ñ�Òb¸ ,�. �  

#�B [�Ñ�Ò � J < ÿ�� S Ê ² B
� g � 4-11a h ~ A� È ´#�	Ñ

k�� J 9_UTS)� � k�� J ¬���Ë i v Ë-Ñ�Ò � J g 50X50 h Ï�v [� �b�Vy � g � 4-11c h U���¿V°�� ¨-A ]u^_eZf wV� �V[ ¨ d��� � � 3 Ò w-a 9	Ñ k�i2� ü 200X200 Ô i ª�� Éª ´ g Ê Î_y heZf � J ¿_U}S�Ñ�Ò � J iÔø  È ´ueZf � J 9 !-h S�Ñ k�� J �� � 4-11d
æV²u[ ybz�_Ï =	{\� 4-11c

ëVW��V[ ¦�B iàß xb¦�B
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W�@�{�� J �-ï �uÝ ï �)� æ��Ù[ f k ¼ á Â�w)x ¸XëD� � � h�
i�� J i2� [�Ñ�Òb¸\eZf�� ¦ °#í ¹ ALEP
� Ñ ���2�3_[#Ä-�

J i� Xg��ãSu�u¾�H\W	���V[ / y ,�. �  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 �
4-11a §©¨	ª�« Ý � �-Í�Î_y ��m�  
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 �
4-11b Ï � ·XÐ � � 3-D �	Z `b� ybz�_Ï �ÙiÖY��Tü�' ÜZ¬T��i )�*�+ ñ ª�ª�È Ð i ß � Ð ´Tü  ª  Ð � �_l�ò�Ì ª � · ´ü Ï � · �  
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 �
4-11c ¨ d	Ñ�Ò�CXÓ ,�. � ybz�_Ï i Ñ k�� J ü 50X50 �  



 76 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 �
4-11d 

Ñ�Ò�CXÓ	� u	Ô [ ybz�_Ï i�Ñ k�� J ü 200X200
i(Y��

Í y ü �-Í�Î_y�� ¤ Ð ; � Ð N ã æ d �V[ ybz�_Ï�Ü ±_á Â�Î_y
��u� ¬ � �  
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o:Îsro:Îsro:Îsro:Îsr
 ÏkÐÏkÐÏkÐÏkÐ  

AXv �bç M f l�ief#Æ Õ ñ + ALEP
� Ñ �bó Ó ��� ; � � S

Wrïu`TaucbdXeZfV[���> � Þ � �
i ����k RTçTï�ñå�T¸ ybz�_Ï
[}õ}öbíÙî�+ w Ì ÚVü £�� g�? § [�bd��#� i �-�VË�	! + w Ì
ð v ?}¾VWrï ybz�_Ï õ}öX[� Ñ � j {.K Ö + A - w-a b l�ó ¹
��Ç �-Û�Ã�Â [bë ý é���� º [ b 3 Ý i á ° ÷�+-H\W#ð���� Ò �
{uj�ù\eZf��bd���s §T¨ [ � C � ë�� ��� {uj�ù # � ��� [-ð B
����i ; j ^�H2mX�*Ñ � v ¤�÷ Ì Ð � i v ��O ä  

5-1 8���º-ü�ú�Ò�Ó8���º-ü�ú�Ò�Ó8���º-ü�ú�Ò�Ó8���º-ü�ú�Ò�Ó  

w�ó g}h�i } �\e#f	�udV[����i�� Ã îr]u^_eZf\��[XlZ[ yzT{}| â�H\W}ì}Æ Ò#Ó ��� � ¹H�ä Ê � w�� g Ã�Â Ë wòä Ê [ Ð
Ñ i w â Ç ¸ �	é ± ä Êu{}| i w â È#É U	V {}| k�i vf 2b¾ yÙ�  
jÙl é ± ä Ê [ # � � �©A ç Ì `TaucbdXeZf}è_éÙl�� #Dî�ú

û i �u�u�}�X� [ueZf��bd (Robinson and Treit el,  1980) ��¬T �bd� �T��Ç ¸ (Rosenfeld and Kak,  1982; Green,  1983; ©�Ô*Õ i 1990; 
Ö�×�Ø À ,  1993) � ¹ã» eZfb� ¹ Ä-� �b��Ù_� (Hsu et  al. ,  1996) �#{
. `b�V[-�� ; ³b´ ÀbÀ (Lit t le  and Deborah,  1996) � ø È#ÉXv / y� ÃbybzT{}| [�bd���s äåæ�Ú�h �   ��iÔWrY ��� «�T S Ê . äÊ k g ¦ i / y (Blakely and Simpson,  1986; Chorowitz et al., 1992; 

Prat son and Ryan,  1996) ��� ²���x�d y�e	f 2_[ ÐbÑ i ÿ_y�e-v �¸ Â �bS �md�[)� J (Lu and Cheng,  1990; Ko ike et  al. ,  1995; 

Raphavan et  al. ,  1995) �  

�-� � [ w Ì ^-H ; º k = A S �-Û �bd � g [ f 2 y�e-v i
®�O w ? § [ / y �bd�æu° � ß Ð � [}¾�3 	���� lX?	@}�XW � �
muÄ � r �s)tTÖ ; u y�e-v tTÖ À g q��bd�8�9 � S � lX��>_ð
��i ß x ®�O#S  -¡�¢)£ Þ�³ �V[�bd�%	&bð v ¾�æ_[#Ä , UVWrY
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[ / yb§ d�×MØ � ð v ° 6�i � 3uË}ô�%���ïbS_¾�Û_g��ãS ÿ�� i
~_U\W#Y\ìbÆ�����ÜTS v / y Ð_Ñ ÈTÉ	�XÏ j y_zu{b| �udu��2
3 � gbeZfbÄbÅ����Ùl ^ ß �_Ï / y [-y H ¶�á��TU�[�Ý h �  

5-2 ÿ�l�Ã�Ä���Þ�ß�#�$ÿ�l�Ã�Ä���Þ�ß�#�$ÿ�l�Ã�Ä���Þ�ß�#�$ÿ�l�Ã�Ä���Þ�ß�#�$  

�)� æ)?�@}� wV� i�j �	� i Þ � �	â v Úa� ý [ 1 �uR�¥�z� wV� ü Þ�³ i + �	! w i�j WZY ÿ�ä Ê k-´ �	� µ_¾uü w# R ¹¼�� Á_Â �_ü Ã�Â Ì � ä [�i �	� [ ÐbÑ £ t�â . S w /#0 ü	WZY
 �!�i��	! w � C�Ð Á � (Foufoula-Georgiou and Kumar,  1994) � UV)WZY

(Ko ike et  al. ,  1995) v	é ± � U�Y ä Ê i îmä Ê k [bë ¦�B [
d ´ � ³b´ Ô ikð v�� c /#0 [ ÐbÑ Ã�Â W Ð ´ Ù_� [ ä [ (Ko ike 

et  al. ,  1995; Lit t le  and Deborah,  1996) ��# R_[�i wV� i�j �	� � ¦ö�Í�,V[ /#0 � c�iÍg v W Ì Ð ´-�_� <�= W Ì Ð ´b[ueZf �X� i
v�Ã�Â Ì � [ b 3 �  

¼ �#V�Rb[�â�i�æ_ëb]u^_eZfÙlZ[ ybzT{}| i Þ � ��Þ A��TÈ
j_³b´b[ Ð ´#�uë Ü ±_·Z¸ � g ybz ��uÆ�.	7#S�\	¤XeZfÙl:}��
[�ì#ô ^�H eZq
i 	���ä Êu{}| [ Ç�J�; j_³b´�i6�uð v�à W Ð ´
[ w ^ �X� i v�Ù_� � ± �� Ë�Í�,V[}]u^ � C�Ð Á �	� A Ë}ôuõöòl:� ¦ [bë���# �  b�
i wV� i�j ç ðS� Â � Á_Â-�	� ? ¶ #�B�	2�3�M�á Æ +åÚ�â g [ /#0 �	� �  

Þ SXË ��� �#��i ��ÛXvTw ^u[ueZfV·Z¸Vü Þ�³ [�WZY êÛð A
Ë � � iÂ� Â W Ð ´�U	V � � Çmä Êu{}| [ b 3 � Ë Ý iÔð��T¶��
§ [�z-� wV�  �!\iùà}ð Ã�Â Ì � � C�Ð Á (Spat ial Filt er ) ��ã	Á ��

(Foufoula-Georgiou and Kumar,  1994)
[ b 3�ikR�U	V { . » J [

ä Ê2h �Të B �  

5-3 ALEP ú�ä�å-ÿ�æ���ç�èú�ä�å-ÿ�æ���ç�èú�ä�å-ÿ�æ���ç�èú�ä�å-ÿ�æ���ç�è  

A ËT� æ [uWrY # � ��� i Þ � ���	â k R { . ï_ÌT�XeZf i
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v ¶ �-�	! � øqG æ	��é W ��O ; ��>òl�i½�-ëuð v � � ç Ñ [ yz �bduë�H\W�W £ ��� � wó g#h i�çXeZf��bdDC}[ ^�H ï	ð A S
äåÊVz�¢ [ ¦DB i v ALEP

[��}� + ò ß�Þ�âXe#f�c	d ÐuÑ [ ¦
B�� � ËTR}S ��Û eZfÙlZ[ ��Û�ä Êu{}| i>Þ H °#S\eZf-c�d a b
l �	! w Ì WZY�i ÿ�ä Ê k ¾uü i�j�¹ ¼ i8~ ALEP

[�µ { �bd�=ðb¾�æ_[�?}¾ Ïuy [}õ}ö � g}ËTÌ�c�d�WZYbSuç}è_éV[ueZf��bd �
� lXí Î ðS� �  

ß}ï	ã�´_[ZíÙî©���}�Tí���+ # � ��� [ w Ì�ê ´ f�ë i ÿ_¦
B [ ��� è_é�� v W�ì�¿ x e *�� > � i A Ë��#�_¤
i / y �bd�%
�\ð v Ú�O ��� g ý�� SVçVÌX[ y_z-�XÏ�� g � ëX[bU��Ve#f	�
d �Ô�T� i Ç�;uybzT{}| U	VV[ ��� ¾�3-áuð vTÈ#ÉXv / y ÐbÑ iv � Ã i(¯�²�í�î Î õ �_Ï ?}¾�^�µX[#ÄbÅuõ}ö �  

5-4 Z�|�\�]�^�ú	ï�ðZ�|�\�]�^�ú	ï�ðZ�|�\�]�^�ú	ï�ðZ�|�\�]�^�ú	ï�ð  

ý éD�)� º [-� Ò â �	��� [ Þ � ���b� w � ËTï)���uð��
S ä

(1) v ÚVU� �!T[-z�� wX� ö ä Ê k � wX� i	j �	� � (2) v Ú
yu[�U�Y �X� ,�. �}� ä ÊÙ� (3) v  -¡�¢)£ [ ÐbÑTÒ#Ó	/ y �bd v
; / y�w	x ¸ À��  

jòl L
(1)
ôuí��"+ w Ì ð v �u¶	U)VV]V^\��[T�_çuï�» J�;

³b´ ä Ê [}õ�[ �Zª�� j-�bd_° º �uû���U Á_Â [ ã	Á �	� i ø �
� Ô Cr� ç ðbU�[�� � � L (2)

ôV[ �X� U�Y�~ v Úa���» J [u�}�
U	VbÄ , +-H\W#U�» JuybzT{}| Ô�R Ý l � [���� � L (3)

ôV[  -¡
¢�£ ~ v ÚXü {�ª [ ÐuÑ ��� +:� Ñ [ ¦ 0�1 ¨ i$ê ¦ á�xrS Á_Â�bdÙl æ . S /#0 [#� À_� U u i � ë	y H ê}ð v�ñ ³ ¶ �©}���y
H [ueZq (

�
3-3
f

) � ß ÿ � ¦ � i � Ñ 0	1 ¨ ë + w Ì %V[�òuÅ�igM A �T¶-* � 0	1V[ B Ô i8ê�¿�â�8��_[ w ^ �	� i>¯ E Sb× Ô
ó g [}]u^ /#0 �	� (

� � J A) �  
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5-5 ALEP ú�ô�ð�õ�ö'÷�øú�ô�ð�õ�ö'÷�øú�ô�ð�õ�ö'÷�øú�ô�ð�õ�ö'÷�ø  

��Re [ ALEP
� Ñ���� Ô ��� r i>H\W «�~ [��	! Þ � ���ð}ö�4Tü���ùT¸X[��	! �T�������Vv ]�ã�å y Ò#Ó w	x ¸	�bd � v

4 Ý�j [ �u� q ² U	V�¿ Ñ }b� � ë	¿ Ñ (Lu and Cheng,  1990) � A
w\� i�j �)� l i W_ç)z	� k {�l�¼ k Ó � [ ��NXÀ_À�� Ö_ËT�Ý i wV� i�j ; / y �bd)ì Ì	Þ � �	� �#� ��© � Ú ëbj ��� [ �C �  

A)wX� i	j �	� Ð � i$ê}ë	ð#S wó � C�Ð Á [ w Ì { ¶	â�êouë : �	� z-� � ���ZçXeZf k �	úV[���� � �VË�û�ü i j�� « �� [-2	3
( � eZfV[ w�ób¼ � eZf Q�� [ Ð ï À ) � ð}öVü�Ð Áu� UV�¿ Ñ lZ[ w Ì � ¢ z}Y (Dynamic Facto r ) � � eZf ¦ Ê . Ô ÿ i�j¼ Ú h i ��w�ó ¹ J-A_¦�B  �! Ô ö ¦�B [�bd ÀbÀ�� ß�{ ¬T �

Ç �bdÙlZ[�� ybz Ð Á ã�´ h � # � (
Ö�×�Ø À i 1993) �  

A / y �bd Ð � i äåæ ALEP
[�bd ÐbÑ â v Ú h [�x�d È�ÉU�� f 2 y�e i v Ò�Ó y rX[ / { ¶ � Ú Ð�a�ý�þ h-i�j � / { ¶ï_[ y�ebÿ ^�¾_[ / y�ÿ�ÿ��T��� ß#ï ÐbÑ Þ � �uR / y [ / { ¶ë}Ú�õV[ Ò2¢ i ø Ç �bdb� y�e YbÚ\W�i æ Ç [ g q��bd a b áTÚ

â g � ® w Ð � i � 3��-ë <�� Übü �_Ï Ô [ " � ÐbÑ i ñ i�j�¹
k ´ � È ��� / y (Lu and Cheng,  1990)

i ~Td O ��y�²��bdV[ y�eY��TU�[ q   i á ¦XÇ�H ö V WT[ g q��bdòi ¼ � Ò w-a �	! ���X�  
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o��zro��zro��zro��zr
 �DÐ�DÐ�DÐ�DÐ  

�)��k Ru]u^}`TaucbdXeZfV[mñå�T¸ ybz�_Ï õ}öbíÙî�+ w Ì
�T¶Xg £�� [-�#� i �-�VË��#���	! + w Þ � �uð ý�� SuçTï ybz
{}|��_Ï [� Ñ ALEP � Ë�� Ñ v�wV� i�j �	� [ ÐbÑ ?}¾ {}|�äÊ k U)V_�Võbö7ià� v W � �	mVÄ À µ { / y �_d ,�. ¨ du� /y i v �_² ybzT{}| ���� � j ^�H��� ¾�3bð�tZÕ � ¤ ä  

w�� �� §T¨ çuÌ ybz�_Ï���� ��ð B ���
i í�� wT£�� g�T¶V[
ñå�T¸ ybz�_Ï [}õ}ö)��� �  

] � v � Ò ý é���� º [����i �	! §T¨ Wrï	� Ñ õ�[ � � S�ñå�¸ ybz�_Ï [}õ}ö �  

� � v  -¡�¢)£ ü Þ�³ i �	! w ? § [ / y �bd���s�i ð <�= Übü� ybz�_Ï�; / y�u � À ��� i �uð ý�� SuçuÌVeZf �Ùä Ê [
ybz �� �  

� � �	! w-wV� i�j � �	� �#� i Þ � �uð i�� S�æ_ë w ^}� ä ÊU	V�¿ Ñ i � vTw ^}� �	� Ã�Â W Ð ´ Ù_�òä Ê [}]u^ �	� b
3 �  

� � í�� w Þ � �Vð ý�� SVçuïX]V^b`uaVc_dme}f y_z-�XÏ �2[
ë ����� º [}õ�[-� Ñ ALEP �  
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A L E P u,HI'�(u,HI'�(u,HI'�(u,HI'�(  

         Program ALEP 
c*********************************************************************** 
c  Automatic Line Extraction Program: 
c  program to extract the linear features on the 2-D geophysical map  
c  The main steps of the processes are: 
c  step 1 : data input, by sub._input 
c  step 2 : Data TransForm, by sub._DTF 
c  step 3 : TarGet ReCognition and CONnection, by sub._TGRCON 
c  step 4 : PolyGon BreaKing, by sub._PGBK 
c  step 5 : picture CLEARance, by sub._CLEAR 
c ********************************************************************** 
      call input 
      call DTF 
      call TGRCON 
      call PGBK 
      call CLEAR 
      stop 
      end 
 
      subroutine input 
c*********************************************************************** 
c  subroutine for input the necessary parameters and data file 
c*********************************************************************** 
      character*30 fin 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      common /znx/ic,zn,zx 
      data nx/0,1,1,1,0,-1,-1,-1/ 
      data ny/1,1,0,-1,-1,-1,0,1/ 
      print*,'*****************************************************' 
      print*,'*      Automatic  Line  Extraction  Program         *' 
      print*,'*i***************************************************' 
      print*,'Choose the type of linear feature should be extract:' 
      print*,'1 = Ridge Axes' 
      print*,'2 = Valley Axes' 
      print*,'3 = Shelf Break' 
      print*,'4 = Lineaments on Digital Image' 
      print*,'5 = Seismic Skeleton' 
      read(*,*) ic 
      print*,'The file name of the input data =' 
      print*,'(!!! It must be gridded xyz file)' 
      read(*,'(a30)') fin 
      print*,'The minima of the X and Y coordinates =' 
      read(*,*) sx,sy 
      print*,'The data intervals along X and Y =' 
      read(*,*) dxi,dyi 
      print*,'The diameter of the weighting plane =' 
      print*,'(!!! in unit of data points)' 
      print*,'Data reading ...' 
      open(1,file=fin) 
    5 read(1,*,end=4) tx,ty,tz 
      call wr(nint((tx-sx)/dxi)+2,nint((ty-sy)/dyi)+2,m,tz,1) 
      if(tx.gt.ex) ex=tx 
      if(ty.gt.ey) ey=ty 
      if(tz.gt.zx) zx=tz 
      if(tz.lt.zn) zn=tz 
      goto 5 
    4 ndx=nint((ex-sx)/dxi)+3 
      ndy=nint((ey-sy)/dyi)+3 
      print*,'Read end! grid dimension=',ndx-2,'  x',ndy-2 
      print*,'data range from',zn,' to',zx 
      close(1) 
      return 
      end 
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      subroutine DTF 
c********************************************************************** 
c  subroutine for Data TransForm, the wanted linear features will bei 
c  transformed as relative highs on a weight map 
c********************************************************************** 
      real*4 st(8),t(8),tn(8),diag(8) 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      common /znx/ic,zn,zx 
      print*,'Map transforming ...' 
c# establish the reference plane 
c------------------------------- 
      dn=real(idd(ib/2,ndy)) 
      tot=(ndx-2)*(ndy-2) 
      nw=0 
      do 1 j=ndy-1,2,-1 
      do 1 i=2,ndx-1 
c# ridge and valley cases, make the weights be all positive 
c---------------------------------------------------------- 
      if(ic.eq.1) call wr(i,j,m,rt(i,j,1)-zn+1.0,2) 
      if(ic.eq.2) call wr(i,j,m,zx-rt(i,j,1)+1.0,2) 
      if(ic.le.2) goto 1 
c# scan and sum the data value in 8 subarea around each point 
c------------------------------------------------------------ 
      i1=i-ib/2 
      i2=i+ib/2 
      j1=j-ib/2 
      j2=j+ib/2 
      if(i1.lt.2) i1=2 
      if(j1.lt.2) j1=2 
      if(i2.gt.ndx-1) i2=ndx-1 
      if(j2.gt.ndy-1) j2=ndy-1 
      do 2 k=1,8 
      t(k)=0.0 
      tn(k)=0.0 
      do 3 ii=i1,i2 
      do 3 jj=j1,j2 
      if(idd(ii-i,jj-j).ne.k) goto 3 
      tn(k)=tn(k)+1.0 
      if(ic.ne.6) t(k)=t(k)+rt(ii,jj,1) 
c# case of seismic profile 
c------------------------- 
      if(ic.eq.5) t(k)=t(k)+abs(rt(ii,jj,1)) 
    3 continue 
      if(ic.eq.5.and.(k.eq.3.or.k.eq.7)) tn(k)=0.0 
      if(tn(k).eq.0.0) t(k)=0.0 
      if(tn(k).ne.0.0) t(k)=t(k)/tn(k) 
    2 continue 
c# smooth the characteristic value with its neighboring direction 
c---------------------------------------------------------------- 
      if(ic.eq.5) goto 9 
      do 10 k=1,8 
   10 st(k)=t(neb(k-1))+t(k)+t(neb(k+1)) 
      do 11 k=1,8 
   11 t(k)=st(k)/3.0 
c# decide the weights and orientations of each point 
c--------------------------------------------------- 
    9 cz=rt(i,j,1) 
      dif=0.0 
      do 5 k=1,8 
      diag(k)=0.0 
      if(tn(k).eq.0.0.or.tn(neb(k+4)).eq.0.0) goto 5 
      if(ic.eq.5.and.(k.ge.3.and.k.le.7)) goto 5 
      tu=t(neb(k+4)) 
      td=t(k) 
      if(tu.lt.td) goto 5 
      if(tu-td.gt.dif) then 
      dif=tu-td 
      kf=k 
      endif 
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      if(ic.eq.3) diag(k)=(cz-td)-abs(tu-cz) 
      if(ic.eq.4) diag(k)=tu-td 
      if(ic.eq.5) diag(k)=sqrt(tu-td) 
    5 continue 
      if(dif.ne.0.0.and.diag(kf).gt.0.0) then 
      call wr(i,j,kf,r,3) 
      call wr(i,j,m,diag(kf),2) 
      endif 
      nw=nw+1 
      if(mod(nw,5000).eq.0) print*,real(nw*100)/tot,' %  weighted.' 
    1 continue 
c# swap the weights and the original values 
c------------------------------------------ 
      do 7 i=2,ndx-1 
      do 7 j=2,ndy-1 
      tt=rt(i,j,1) 
      call wr(i,j,m,rt(i,j,2),1) 
      if(rt(i,j,1).gt.wx) wx=rt(i,j,1) 
    7 call wr(i,j,m,tt,2) 
      if(ic.gt.2) ib=5 
c# weak targets clearance according to weights 
c 1.normalize the z to be no more than 100 
c 2.output the non-zero weights and their positions to a file 
c----------------------------------------------------------- 
      print*,'Background noises low-cut testing.' 
      print*,'the result of each test write in file "weight.dat"' 
      id=0 
    6 print*,'the weight level of back-ground noise = (max=',wx,')' 
      read(*,*) th 
      nw=0 
      range=100.0/(wx-th) 
    4 open (1,file='weight.dat') 
      do 8 j=ndy-1,2,-1 
      do 8 i=2,ndx-1 
      wt=(rt(i,j,1)-th)*range 
      if(id.eq.1) then 
      if(wt.lt.0.0) wt=0.0 
      call wr(i,j,m,wt,1) 
      goto 8 
      endif 
      if(wt.gt.0.0) then 
      nw=nw+1 
      write(1,*) sx+real(i-2)*dxi,sy+real(j-2)*dyi,wt,ijk(i,j,1) 
      endif 
    8 continue 
      close(1) 
      if(id.eq.1) return 
      print*,nw,real(nw*100)/tot,'% occupation. reset=0 continue=1' 
      read(*,*) id 
      if(id.eq.1) goto 4 
      goto 6 
      end 
 
      subroutine TGRCON 
c********************************************************************** 
c  Subroutine for TarGet ReCognition and CONnection 
c********************************************************************** 
      integer n(8) 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      common /znx/ic,zn,zx 
c# firm node definition 
c---------------------- 
      print*,'Do you need some nodes be firmly sustained? (1=yes,0=no)' 
      read(*,*) nf 
      if(nf.eq.1) call firm(1,1,-1) 
c# Recognize the targets along profiles in four directions 
c--------------------------------------------------------- 
      print*,'Target recognizing ...' 
      itg=0 
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      do 2 i=3,ndx-2 
      do 2 j=3,ndy-2 
      do 7 k=1,8 
      n(k)=0 
      do 7 ml=1,ib/2 
      ii=i+ml*nx(k) 
      jj=j+ml*ny(k) 
      if(ii.lt.2.or.ii.gt.ndx-1.or.jj.lt.2.or.jj.gt.ndy-1) goto 7 
      if(rt(ii,jj,1).lt.rt(i,j,1)) n(k)=1 
    7 continue 
      do 4 k=1,4 
      if(ic.eq.5.and.k.ne.1) goto 4 
      if(n(k)+n(k+4).gt.1) call wr(i,j,1,v,4) 
    4 continue 
      if(ijk(i,j,2).ne.1) goto 2 
      itg=itg+1 
    2 continue 
      print*,itg,' target found.' 
c# creating segments by connecting the targets 
c--------------------------------------------- 
      do 5 i=2,ndx-1 
      do 5 j=2,ndy-1 
      do 5 k=1,4 
      mm=kst(i,j,k,4) 
      if(ijk(i,j,1).eq.k.or.ijk(i,j,1).eq.k+4) goto 5 
      if(ijk(i,j,2)+ijk(i+nx(k),j+ny(k),2).eq.2) mc=kst(i,j,k,2) 
      k1=0 
      k2=0 
      call firm(i,j,k1) 
      call firm(i+nx(k),j+ny(k),k2) 
      if(k1+k2.eq.2) mc=kst(i,j,k,2) 
    5 continue 
      return 
      end 
 
      subroutine PGBK 
c********************************************************************** 
c  check-out segments by the criterion of "no closed polygons allowed!" 
c********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      print*,'Polygon breaking ...' 
c# clear the branch routes and node matrix 
c----------------------------------------- 
      do 7 i=2,ndx-1 
      do 7 j=2,ndy-1 
      call bre(i,j,ke) 
      call wr(i,j,0,v,4) 
    7 kb=kb+ke 
      print*,kb,' branch routes canceled.' 
c# locate the weakest segment 
c---------------------------- 
    1 wn=1001.0 
      nf=0 
      do 3 i=2,ndx-1 
      do 3 j=2,ndy-1 
      if(ijk(i,j,2).eq.1) goto 3 
      nv=0 
      do 2 k=1,4 
      call con(i,j,k,n,1,v) 
      if(v.eq.2000.0) nv=nv+1 
      if(v.ge.wn) goto 2 
      wn=v 
      ii=i 
      jj=j 
      kk=k 
    2 continue 
      if(nv.eq.4) call wr(i,j,1,v,4) 
      nf=nf+4-nv 
    3 continue 
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c# all segments checked, polygon breaking done 
c--------------------------------------------- 
      if(wn.eq.1001.0) return 
c# polygon tracing  
c----------------- 
      if(mod(m,100).eq.0) print*,'round',m,nf,' seg. rest, w=',wn 
      mm=kst(ii,jj,kk,-4) 
      m=m+1 
      in=ii+nx(kk) 
      jn=jj+ny(kk) 
      if(kst(ii,jj,kk,-8).eq.0.or.kst(in,jn,kk,-8).eq.0) goto 5 
      do 9 mno=1,8 
      if(kst(in,jn,mno,-1).eq.0) goto 9 
      id=1 
    6 i=in+nx(mno) 
      j=jn+ny(mno) 
      k=mno 
    8 call next(i,j,i,j,k,id) 
      if(i.eq.ii.and.j.eq.jj) then 
      mm=kst(ii,jj,kk,4) 
      goto 5 
      endif 
      if(i.eq.in.and.j.eq.jn) then 
      if(id.eq.-1) goto 9 
      id=-1 
      goto 6 
      endif 
      goto 8 
    9 continue 
c# clear the branch routes 
c------------------------- 
    5 call bre(ii,jj,ke) 
      call bre(in,jn,ke) 
      goto 1 
      end 
 
      subroutine bre(ii,jj,ke) 
c*********************************************************************** 
c  subroutine to eliminate the branch routes 
c*********************************************************************** 
      ke=0 
      if(kst(ii,jj,k,-8).ne.1) return 
      i=ii 
      j=jj 
    1 if(kst(i,j,k,-8).ne.1) return 
      k=1 
      call next(i,j,i,j,k,1,-1) 
      k=neb(k+4) 
      mm=kst(i,j,k,-4) 
      ke=ke+1 
      goto 1 
      end 
 
      subroutine CLEAR 
c*********************************************************************** 
c  subroutine for picture clearance (noise control) 
c*********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      print*,'Picture clearance processes :' 
      print*,'WSC -> high or low-cut of segments according to weights' 
      print*,'TRD -> tails reduction' 
      print*,'BRC -> branch clearance' 
      print*,'SGC -> small groups clearance.' 
      print*,'Description:' 
      print*,'a. the functions can be executed in any sequence.' 
      print*,'b. the output file is "seg.dat".' 
      print*,'c. the whole processes can be replayed many times.' 
    2 isg=0 
      do 5 ix=2,ndx-1 
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      do 5 iy=2,ndy-1 
      do 5 id=1,4 
      if(kst(ix,iy,id,1).eq.0) goto 5 
      mc=kst(ix,iy,id,2) 
      isg=isg+1 
    5 continue 
      print*,isg,' segments enter the "picture clearance"' 
    3 print*,'# Choice: refresh=0, HLC=1, TRD=2, BRC=3, SGC=4, output=8, 
     * stop=9' 
      read(*,*) id 
      if(id.eq.9) return 
      if(id.eq.0) goto 2 
      if(id.eq.1) call wsc 
      if(id.eq.2) call tailred 
      if(id.eq.3) call branch 
      if(id.eq.4) call sgc 
      if(id.eq.8) call lnsmop 
      goto 3 
      end 
 
      subroutine wsc 
c*********************************************************************** 
c  weak segments clearance according to their weights 
c  (high or low cut the segments) 
c*********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
    7 print*,'* threshold value of segment weight = (0 => 200)' 
      read(*,*) th 
c# threshold information checking 
c-------------------------------- 
      wmx=0.0 
      wmn=200.0 
      isg=0 
      il=0 
      ie=0 
      ih=0 
      do 1 i=2,ndx-1 
      do 1 j=2,ndy-1 
      do 1 k=1,4 
      call con(i,j,k,n,1,s) 
      if(n.le.1) goto 1 
      isg=isg+1 
      if(s.gt.wmx) wmx=s 
      if(s.lt.wmn) wmn=s 
      if(s.gt.th) ih=ih+1 
      if(s.eq.th) ie=ie+1 
      if(s.lt.th) il=il+1 
    1 continue 
      print*,ih+ie+il,' segments in total, weight range :',wmn,wmx 
      print*,ih,' higher than threshold,',real(ih*100)/real(isg),'%' 
      print*,ie,' equal to threshold,',real(ih*100)/real(isg),'%' 
      print*,il,' lower than threshold, ',real(il*100)/real(isg),'%' 
c# action decision 
c----------------- 
    2 print*,'* choice: 0=new threshold, 1=high-cut, -1=low-cut, 9=stop' 
      read(*,*) id 
      if(id.eq.9) return 
      if(id.eq.0) goto 7 
      if(iabs(id).gt.1) goto 2 
c# clearing 
c---------- 
    4 do 5 i=2,ndx-1 
      do 5 j=2,ndy-1 
      do 5 k=1,4 
      call con(i,j,k,n,1,s) 
      if(n.le.1) goto 5 
      if(id.eq.-1.and.s.ge.th) goto 5 
      if(id.eq.1.and.s.le.th) goto 5 
      mm=kst(i,j,k,-4) 
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    5 continue 
      return 
      end 
 
      subroutine tailred 
c*********************************************************************** 
c  subroutine for tail-end reduction 
c*********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      print*,'* how many points should be reduced = ' 
      read(*,*) itr 
      if(itr.le.0) return 
    7 do 13 l=1,itr 
      ibc=0 
      do 12 i=2,ndx-1 
      do 12 j=2,ndy-1 
      call wr(i,j,0,v,4) 
      kk=0 
      call firm(i,j,kk) 
      if(kk.eq.1) goto 12 
      if(kst(i,j,kk,-8).ne.1) goto 12 
      do 2 k=1,8 
      if(kst(i,j,k,-1).eq.0) goto 2 
      call wr(i,j,k,v,4) 
      ibc=ibc+1 
    2 continue 
   12 continue 
      do 15 i=2,ndx-1 
      do 15 j=2,ndy-1 
   15 mm=kst(i,j,ijk(i,j,2),-4) 
   13 print*,l,'th round reduction',ibc,' end-segments eliminated.' 
      return 
      end 
 
      subroutine branch 
c*********************************************************************** 
c  subroutine to cut the short branches 
c*********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      print*,'* the shortest branches allowed = ' 
      read(*,*) ibr 
      if(ibr.le.1) return 
      do 9 kc=1,ibr-1 
      nk=0 
      do 2 i=2,ndx-1 
      do 2 j=2,ndy-1 
    7 if(kst(i,j,k,-8).le.2) goto 2 
      kk=0 
      call firm(i,j,kk) 
      if(kk.eq.1) goto 2 
      wmin=1000.0*ibr 
c# search the weakest short branch 
c--------------------------------- 
      do 3 mk=1,8 
      if(kst(i,j,mk,-1).eq.0) goto 3 
      wb=0.0 
      k=mk 
      ii=i+nx(k) 
      jj=j+ny(k) 
      kt=0 
    1 kt=kt+1 
      nc=kst(ii,jj,k,-8) 
      if(nc.gt.2) goto 3 
      wb=wb+rt(ii,jj,1) 
      if(nc.eq.1) goto 4  
      if(kt.eq.kc) goto 3 
      call next(ii,jj,ii,jj,k,1) 
      goto 1 
    4 if(wb.lt.wmin) then 
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      wmin=wb 
      ko=mk 
      endif 
    3 continue 
      if(wmin.eq.1000.0*ibr) goto 2 
c# eliminate the short branch 
c---------------------------- 
      nk=nk+1 
      mm=kst(i,j,ko,-4) 
      ii=i+nx(ko) 
      jj=j+ny(ko) 
    5 if(kst(ii,jj,k,-8).eq.0) goto 7 
      call next(ii,jj,ii,jj,k,1) 
      ko=neb(k+4) 
      mm=kst(ii,jj,ko,-4) 
      goto 5 
    2 continue 
      print*,nk,' branches with length=',kc,' kicked.' 
    9 continue 
      return 
      end 
 
      subroutine sgc 
c*********************************************************************** 
c  subroutine to clear the small isolated segment groups 
c*********************************************************************** 
      integer mx(1000),my(1000) 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      print*,'* the minimum segments allowed for each group = ' 
      read(*,*) is 
      if(is.le.1) return 
      ns=0 
      do 6 i=2,ndx-1 
      do 6 j=2,ndy-1 
      if(kst(i,j,k,-8).eq.0) goto 6 
c# searching connected point group 
c--------------------------------- 
      kt=1 
      mx(1)=i 
      my(1)=j 
   11 ktt=kt 
      do 1 ll=1,ktt 
      do 8 k=1,8 
      if(kst(mx(ll),my(ll),k,-1).eq.0) goto 8 
      mtx=mx(ll)+nx(k) 
      mty=my(ll)+ny(k) 
c# check newly encountered point, if not repeated, add it into group 
c------------------------------------------------------------------- 
      irp=0 
      do 7 l=1,kt 
    7 if(mtx.eq.mx(l).and.mty.eq.my(l)) irp=1 
      if(irp.eq.1) goto 8 
      kt=kt+1 
      mx(kt)=mtx 
      my(kt)=mty 
    8 continue 
    1 continue 
c# check group size: large enough -> pass; too small -> take off 
c-------------------------------------------------------------------- 
      if(kt.gt.is) goto 6 
      if(kt.eq.ktt) then 
      ns=ns+1 
      do 2 l=1,kt 
      do 2 k=1,8 
    2 if(kst(mx(l),my(l),k,-1).eq.1) mm=kst(mx(l),my(l),k,-4) 
      goto 6 
      endif 
      goto 11 
    6 continue 
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      print*,ns,' groups are excluded.' 
      return 
      end 
       
      subroutine lnsmop 
c*********************************************************************** 
c  subroutine for LiNe SMoothing and OutPut  
c*********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      bl=0.0 
      open(3,file='seg.dat') 
      print*,'smooth the lines or not? (yes=1, no=0)' 
      read(*,*) ism 
      if(ism.ne.1) goto 1 
      print*,'need direction bars or not? (yes=1, no=0)' 
      read(*,*) idb 
      if(idb.eq.1) then 
      print*,'the length of bar = (grid distance',dxi,')' 
      read(*,*) bl 
      endif 
    1 isg=0 
      do 6 j=ndy-1,2,-1 
      do 6 i=2,ndx-1 
      call smooth(i,j,x,y,v1,ism) 
      if(v1.eq.0.0) goto 6 
      if(kst(i,j,k,-8).ne.2.or.bl.eq.0.0) goto 2 
      call dirbar(i,j,x,y,xx,yy,bl) 
      write(3,*) x,y,xx,yy,v1,' d' 
    2 do 5 k=1,4 
      if(kst(i,j,k,-1).eq.0) goto 5 
      isg=isg+1 
      call smooth(i+nx(k),j+ny(k),x1,y1,v2,ism) 
      write(3,*) x,y,x1,y1,(v1+v2)/2.0 
    5 continue 
    6 continue 
      close(3) 
      print*,isg,' segments are written in "seg.dat"' 
      print*,'---------------------------------------------------------' 
      return 
      end 
 
      subroutine dirbar(i,j,x,y,xx,yy,bl) 
c*********************************************************************** 
c  subroutine to decide the end-point of direction bar 
c*********************************************************************** 
      real*4 a(2),av(2),c(2) 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      k=1 
      do 1 l=1,8 
      if(kst(i,j,l,-1).ne.1) goto 1 
      call smooth(i+nx(l),j+ny(l),x0,y0,w,1) 
      a(k)=azi(x0-x,y0-y) 
      k=k+1 
    1 continue 
      av(1)=(a(1)+a(2))/2.0 
      av(2)=av(1)+4.0 
      if(av(2).gt.9.0) av(2)=av(2)-8.0 
      do 2 l=1,2 
      c(l)=abs(real(ijk(i,j,1))-av(l)) 
      if(c(l).gt.4.0) c(l)=8.0-c(l) 
    2 continue 
      if(c(1).lt.c(2)) k=1 
      if(c(2).le.c(1)) k=2 
      k1=int(av(k)) 
      k2=neb(k1+1) 
      f1=av(k)-k1 
      f2=1.0-f1 
      dx=f2*nx(k1)+f1*nx(k2) 
      dy=f2*ny(k1)+f1*ny(k2) 
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      dis=sqrt(dx**2.0+dy**2.0) 
      xx=x+bl*dx/dis 
      yy=y+bl*dy/dis 
      return 
      end 
 
      subroutine smooth(i,j,x,y,w,ism) 
c*********************************************************************** 
c  smoothing thw position of a point according to the weights of the  
c  connectted targets and itself 
c*********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      w=rt(i,j,1) 
      if(w.eq.0.0) return 
      x=0.0 
      y=0.0 
      do 32 k=1,8 
      f=real(kst(i,j,k,-1)*ism) 
      w=w+rt(i+nx(k),j+ny(k),1)*f 
      x=x+real(nx(k))*rt(i+nx(k),j+ny(k),1)*f 
   32 y=y+real(ny(k))*rt(i+nx(k),j+ny(k),1)*f 
      x=sx+(real(i-2)+x/w)*dxi 
      y=sy+(real(j-2)+y/w)*dyi 
      w=w/real(kst(i,j,k,-8)*ism+1) 
      return 
      end 
 
      integer function kst(i,j,k,jc) 
c********************************************************************** 
c  function to handle connection status and tracing route tables 
c# jc=1 : check the connection status; jc=-1 : check the route status 
c# jc=2 : target connection, crossed segments are forbidden 
c# jc=4 : cancel the connection;       jc=-4 : cancel the route 
c# jc=8 : check number of connections; jc=-8 : check number of routes 
c********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      if(jc.eq.2) then 
      call con(i,j,k,2,2,v) 
      if(mod(k,2).eq.1) return 
      call con(i+nx(k-1),j+ny(k-1),neb(k+2),n,1,w2) 
      if(n.eq.0) return 
      call con(i,j,k,n,1,w1) 
      if(w2.gt.w1) call con(i,j,k,0,2,v)  
      if(w2.le.w1) call con(i+nx(k-1),j+ny(k-1),neb(k+2),0,2,v)  
      return 
      endif 
      kst=0 
      if(iabs(jc).eq.8) then 
      do 8 m=1,8 
      call con(i,j,m,n,1,v) 
      if(jc.eq.8.and.n.ne.0) kst=kst+1 
      if(jc.eq.-8.and.n.eq.2) kst=kst+1 
    8 continue 
      return 
      endif 
      call con(i,j,k,n,1,v) 
      if(jc.eq.1.and.n.ne.0) kst=1 
      if(jc.eq.-1.and.n.eq.2) kst=1 
      if(jc.eq.4) call con(i,j,k,0,2,v) 
      if(jc.eq.-4) call con(i,j,k,1,2,v) 
      return 
      end 
 
      integer function neb(i) 
c********************************************* 
c  function to scale the cycled neighbor order 
c********************************************* 
      neb=i 
      if(neb.gt.8) neb=neb-8 
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      if(neb.lt.1) neb=neb+8 
      return 
      end 
 
      integer function idd(i,j) 
c********************************************************************** 
c  function to check the brief azimuth 
c********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      integer d(-100:100,-100:100) 
c# j=0 compute the azimuth table 
c------------------------------- 
      idd=0 
      if(j.eq.ndy) then 
      dmx=real(i) 
      do 1 ii=-100,100 
      do 1 jj=-100,100 
      x=real(ii) 
      y=real(jj) 
      dis=sqrt(x*x+y*y) 
      if(dis.gt.dmx.or.dis.eq.0.0) goto 1 
      idd=idd+1 
      dir=azi(x,y) 
      if(dir.ge.8.5) dir=1.1 
      d(ii,jj)=nint(dir) 
    1 continue 
      return 
      endif 
c# echo the brief azimuth 
c------------------------------- 
      idd=d(i,j) 
      return 
      end 
 
      real function azi(x,y) 
c********************************************************************** 
c  function to compute the brief azimuth 
c********************************************************************** 
      parameter (pi=3.1415926) 
      if(x.eq.0.0) then 
      if(y.gt.0.0) azi=1.0 
      if(y.eq.0.0) azi=0.0 
      if(y.lt.0.0) azi=5.0 
      return 
      endif 
      azi=(pi/2.0-atan(y/x)) 
      if(x.lt.0.0) azi=azi+pi 
      azi=azi/pi*4.0+1.0 
      return 
      end 
 
      subroutine con(i,j,k,n,jc,s) 
c********************************************************************** 
c  subroutine to check or change the status of connection or route 
c********************************************************************** 
      parameter(n1=405,n2=705) 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      byte v(n1,n2,4) 
      real*4 w(n1,n2,4) 
      common /zm/z(n1,n2) 
      if(k.le.0) return 
      ii=i 
      jj=j 
      kk=k 
      if(k.gt.4) then 
      ii=i+nx(k) 
      jj=j+ny(k) 
      kk=kk-4 
      endif 
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      if(jc.eq.1) then 
      n=v(ii,jj,kk) 
      s=w(ii,jj,kk) 
      return 
      endif 
      v(ii,jj,kk)=n 
      w(ii,jj,kk)=2000.0 
      if(n.eq.2) w(ii,jj,kk)=rt(i,j,1)+rt(i+nx(k),j+ny(k),1) 
      return 
      end 
 
      subroutine next(i,j,ii,jj,k,id) 
c*********************************************************************** 
c  subroutine to find the next tracing step 
c*********************************************************************** 
      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      k=neb(k+4) 
    1 k=neb(k+id) 
      if(kst(i,j,k,-1).eq.0) goto 1 
      ii=i+nx(k) 
      jj=j+ny(k) 
      return 
      end 
 
      subroutine wr(i,j,m,v,jc) 
c*********************************************************************** 
c  subroutine to write or change the content of matrices 
c*********************************************************************** 
      parameter (n1=405,n2=705) 
      common /rtb/z(n1,n2),w(n1,n2) 
      common /itb/l(n1,n2),n(n1,n2) 
      if(jc.eq.1) z(i,j)=v 
      if(jc.eq.2) w(i,j)=v 
      if(jc.eq.3) l(i,j)=m 
      if(jc.eq.4) n(i,j)=m 
      return 
      end 
 
      integer function ijk(i,j,jc) 
c*********************************************************************** 
c  function to read integer matrices 
c*********************************************************************** 
      parameter (n1=405,n2=705) 
      common /itb/l(n1,n2),n(n1,n2) 
      ijk=0 
      if(jc.eq.1) ijk=l(i,j) 
      if(jc.eq.2) ijk=n(i,j) 
      return 
      end 
 
      real function rt(i,j,jc) 
c*********************************************************************** 
c  function to read real matrices 
c*********************************************************************** 
      parameter (n1=405,n2=705) 
      common /rtb/z(n1,n2),w(n1,n2) 
      rt=0.0 
      if(jc.eq.1) rt=z(i,j) 
      if(jc.eq.2) rt=w(i,j) 
      return 
      end 
 
      subroutine firm(i,j,k) 
c*********************************************************************** 
c  subroutine to check whether the node is firm or not 
c*********************************************************************** 
      parameter (n1=405,n2=705) 
      character*30 fin 
      byte f(n1,n2)  
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      common /all/ndx,ndy,sx,sy,dxi,dyi,nx(8),ny(8),ib 
      if(k.lt.0) then 
      print*,'the firm nodes file =' 
      read(*,'(a30)') fin 
      open(10,file=fin) 
      do 3 ii=1,n1 
      do 3 jj=1,n2 
    3 f(ii,jj)=0 
    1 read(10,*,end=2) x,y 
      ii=nint((x-sx)/dxi)+2 
      jj=nint((y-sy)/dyi)+2 
      f(ii,jj)=1 
      goto 1 
    2 close(10) 
      else 
      k=f(i,j) 
      endif 
      return 
      end 
 
 


