


� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

� � � � � �  � � 
 � � � � 
� �  2007 1 

 

 

 

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

� � �  � .� .� . � � � � � � . 
 

 

 

 

� 	 �  � � � �  	 � � �� � �� !  G.I .S.  

GRASS � � � QGIS. � � " � �� �� ��  " � � � 
 � . 

 

 

#� . $ �� � 	 � � �  %� � � � �� � 	 � �  

#�� 	 . &� � � � � � � �  � � � � � � ! 
 � �  ' 
 " � � �� � �  

 

 

 

� ( � � � �  #� � ( � � � �� �  2007 

 



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

 

                                                                                              � 

 � � � � �  � � � � � 

 � � � �  2

 

 

 

 

 

� �  � 
� � ��  � � � �  � � � � � � � � � �  � � 
 �  � ! �  � �  ! � � 	 � � � � �  

 «" � � � � � #$� �  %� � ! � � � 
� 
 � �  %� � 	 � � � � � � � �  � ! � � � &�  � � �  � �  � � � � �  

' � $ ! � � � � #� � 

  �  
 � 
 � � ! � 	 � � #�� � »  

� � �  ! � � �� 
�  
 � � � 	 � � 
&�  ! � � ( � $�   

2.2.2.�  «" � � � � � #$� �  %� � ! � � � 
� 
 &�  %� � 	 � � � � � � $ �  � ! � � � &� » 
 � 
  

2.6.1.). «� 
� � � � � � � �  %� � 	 � � � � � � $ �  � ! � � � &�  � � 
� � � � � � 
� �  � 
 ! � �� � � � � �  

(%� � ! � � � 
� 
 � , * � � � ! � � � 
� 
 � , � ( � 
� �
 � � � � )» 

 

� ! 
� � � � � � 

 � �  + ! � � � � � � � : ' � &� 	 
� �  � � � 
&� � �   

                                             � � � � 	 � �  �  � #� � � � 	 &� . 

 

, 
 � � � � : � �  � �  ' � $ ! � � � � #� � 

  �  
 � 
 � � ! � 	 � � #�� �  

                                 � .� .-. � � � � &� , � � � � � � , 2007 

 

 

 

 

I.S.B.N.: 978-960-88247-3-7 

 



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

� � � � � �  � � 
 � � � � 
� �  2007 1 

� � � � � � � � � � 	 

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

� � � � � � � � � � � �� � � � � � � � � � �  7 
� � � �  �� ! " � ! � �#� � � � � � � � � � � ! � � � � � � ! $! " %� � �& ' (  9 
� � ) � � � * � ! %�� � � � � � � � � � " � +�&, - ( (  9 
� � . �  � � / � " � � � � � " � 01 � � ! " � �&, - ( (  12 
� �2�3 � / 4� �� � � �� � " %�5� / ! %�" � � �6 789:; <� ! " � �&, - ( ( 14 
� �=� � �� � � " � * 0%" � #�" %#�� � � � � � � / #�&, - ( (  14 

� � � � >� � � � �? 
 � � � � ? 
 @
 � @
 � � �@� >�&, - ( ( 15 
� � � �  �� " +� � � A�" BC� �� � $� � ! %#�" � +�&, - ( (  15 
� � � � � � � � " � ! " � ! %�� �� #� � � " � 0� ! �� %#� � � � � ! %#�! " � � ! $! " %� � �
DEF9G 15 
� � ) � � � � � " � ! " � ! %�� �� #� � � " � 0� ! �� %#� � � � � ! %#�! " � � ! $! " %� � �
H EF87I < 16 
� � . � � � � 00� � " �� � #�0$! � �#� ! " %� � � CB� " %! %�" � +�&, - ( ( 17 

) � �  � � � � >� � J
 � � � � 
 � J
 � �KL, MNOPQR�� @� �&, - ( ( 19 
) � � �?0/ ! %�� � B#�C� � � � � � � � " � #�&, - ( (  19 

. � � � � � 
 � 
 � S �  �  � � T 	 
 	 25 
. � � � � �! � � � � / � � � � � � � � � � � � � � � / #�UV<W; U 25 
. � � � � �! � � � � / � � �� � +! � � " �� 1 � � � � � � � � � � �  27 

2� � � � 
 
 	 
 X � � Y31 
2� � � � � � � " � �� � ! A� � � �� � � � � � � � � � � �  31 
2� � �  �� � �� � ! A� � � � � � � � � � � � # 33 

=� � � Z
 � 
 � S �  �  � � T 	 
 	 39 
=� � � � [ � � � � / �UV<W; U� \7U6 VW< 39 
=� � � � [ � � � � / � � �� � +! � � " �� 1 � � � � � � � � � � �  41 

] � �@� � � � 
 X � ?^ � � � � � 3Y__ � 	 �@� >�&, - ( (  
] � � �  �� 4� ! �� � � � � � � �� � �C� � �* � 00� � " � � ! " � �& , - ( (  43 

` � � � � � 
 � J
 � � � �  �  � � T 	 
 � , - ( QO,  
` � � � 
 C� �� � � Aa� � " � #� � � � � � � � � �UV<W; U 53 
` � � � � � � � � �! %� � � �� � � " � * � 0/ �5� � � � " %� �! " �� 1 � �" � � �
� C�C� � � � �UV<W; U 54 



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

 

                                                                                              � 

 � � � � �  � � � � � 

 � � � �  2

` � ) � 
 � � 0+! %� � C�C� � � � �UV<W; U�� � � " � �& , - ( (  56 
` � . �  �� � � � � C� A%! %�� � ��C� � ! � �� � �! � B#�" � � �5� � � � " �� 1 � �
C�� � � � �  59 
` �2� � � 4� � � �� � �� � " � � � �� 5� A� �! %�" � � � � C�C� � � � �UV<W; U60 
` �=�b %� �� C� �1 � " � #�! � � � � � � / �UV<W; U 63 

c � � � � � Y	 
 � � �  � 
 	 >� � 
 @� ? d 	 � � 
 � 
 ? @� � � � @� ?d 	  
c � � �  �� 5� A� �! %�" %#�� �� � +! � � " �� / #� � � � � � " � A� # 65 
c � � �  �� 5� A� �! %�C� � �� � � � �� 1 � �5� � � � " %� �! " �� 1 � � ! " � �
� �� � +! � � " �� � � � � � � � � � �  68 

� e� � � � � 
 � J
 � � � �  � 
 	 >� � 
 @� ?Y� �  � � T 	 
  
� e� � � 
 � � 0+! %�� �� " $� �  73 
� e� � �@� � / f� � C�� � 0+g %�� � �� � � � ! %� � � � � � � h� � �  75 
� e� ) � � [ � � � � / � � � � � � � � � �  77 
� e� . �b %� �� C� �1 � " � #� � � � " � �&, - ( (  78 

� � � � � � � Z� � � 
 � J
 � � 
 � @d 	 � , - ( QO, � � � �@� 	 � � 	 @� _S �
, � i - LP- DP 

� � � � � � $� " � [ %�" %#�� � " � 0/ #�U�6 Vj kV:k 83 
� � � � �@� 0� ! " � #�C� +� � � 5� " � ��%� � � " � 0/ � �U�6 Vj kV:k 85 
� � � ) � � +� � � " / ! � �#�C� +� � � 5� " � ��%� � � " � 0/ � �U�6 Vj kV:k85 
� � � . � � ! � " � � �� � #� � � " � * 0%" � #�" %#�� � " � 0/ #� �U�6 Vj kV:k87 

� � � �@� � �  � Y� @
 @� � � � @� ? � � � J� � � � �? 
 � �  � � � � >� � J
 �
? � 	 � l � � 	 � � � � � ? ^ 	 
 �  

� � � � � � CA� � �[ %�� � B#�" � �! � �� ! " � " � +�5� � " %�� � �mn ' o  89 
� � � � �  %� �� +� � A� � � �� � $� � � %#� � �� B� � # 91 

� ) � � � � @
 @� � � T � �  �  � � T 	 
 	  
� ) � � � � � � " � " � � C/ �UV<W; U�� � � � � � � � � � ! � � � �� � +! � � " �� / �
� � � � / �  93 
� ) � � � � � " � " � � C/ � � �� � +! � � " �� 1 � � � � � � � � � � � � ! � � � � � � / �
UV<W; U 96 

� . �  � � � _ � � � � �@� >�_ � � � � � � ? � >�&, - ( (  
� 2� �QM�p q - mQq i �& ' ( �Kp &' ( R  

� 2� � � � %� � � " �� � �5� � � � " %� �! " �� � � � � � � A! � � " �  101 
� 2� � � 	 � � �" %#� � � � � ! %�e� `  102 
� 2� ) �Z� � �� 1 � " � #� � � � " � � �p &' (  103 
� � � � � � � � � �	 
 � � 
 � � � � � � � 
 � � � � 
 	 � �  103 



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

� � � � � �  � � 
 � � � � 
� �  2007 3 

� � � � � � � � � � � 
 �� � � � � 	 � �� �  106 
� � � � � � � � 
 � � � � � �  � � � ! " #$�%#&' () *� � � � �+� � � � � � � 
 � � , - . /
 106 
� � � � �0� � 
 �1� � � � �1� � � � � � 2� � 
 �+� � � � � �3� 
 � , - . /  106 

� =� � � � � � 
 � J
 � � � �  � 
 	 >� � 
 @� ?Y� � @� � � � J
  
� =� � � ( r Vj ; \E:; < 109 
� 4� � � � �5 � � � � 3 � � � � 
 � / 6#$' 789'  111 
� 4� � � � �5 � � � � 3 � � � � 
 �3� � � � � � 
 
 � : #$. ; 7< 111 
� 4� � � � �5 � � � � 3 � � � � 
 �3� � � � � � 
 
 �=(>� . ; 7< 111 

� ] � � � � � 
 � J
 � � � � � Y� @� �  
� ] � � � � " � 1 � � " � � � � ! " � � �C� +�+C� ! " %� Aa� � " � �� ! " � �
C� � �* � 00� � � " � +�p &' (  115 
� ] � � �X � � " 1 � � � " � #�! " � �5� A� � � � ! " � � � ! � �p & ' (  115 
� ] � ) � � � �B" %" � #�� � ! " � �  116 
� ?� � � � � / &" @<9<A& 117 
� ?� � � � � - ' ; ' (#9�  118 
� ?� � � � � � � �1� � � � � � � � � � � 
 � � � � � � : ' B#C#B#�  118 
� ?� � �0� � � �1� � � � � � � � � �� � � �$&(#" 8C) �  119 

� ` � � � � � � 
 � J
 � � � �@� � � � � � 3 � _T �  
� ` � � � � C�0� � � � " � #� � �� �C� � * � 0/  121 
� ` � � � � +� �4%! � � � � #� � � � * � 0� # 122 

� c � � � l 	  � � � � � � �& , - ( (  
� c � � � � � � � 0� A� �g %� �� C� A%! %#�� � �� � � � � ! %# 127 
� D� � � � � � � � � 
 
 � � � � � 	 � �� �  127 

� e� � � l 	 s � � � � � 
 � @d 	  
� e� � � � � / ! %�" %#�! $� 4� ! %#�5� � " 1 �  129 
� E� � � � �F � 
 32� 1 � � � � 
 �+� � �  �3� 
 �3� � 2� �   130 
� E� � � � �F � 
 32� 1 � � 	 	 � � �3� 
 �+� �� � �3� 
 �3� � 2� �   130 
� E� � � � �G	 	 � �+� � � 1�  � �3� �1� � � � � � �3� � � �  132 
� E� � �0� � � H$<(B� � 
 � � � � 	 �1
 I �J � � �   132 

� � � � � � � � � � �@
 	 �LDq &' m(  
� � � � � � �� � � �! � � � � / � ! " %�5� %! �� � C� A%! %�L:9t EF< 133 
� � � � � � � � I � � 3 �1� �� � � 1� � � 3� � 3 � � � � 
 �K9LA8;  133 
� � � � � � �M�� +� �� �3 �K9LA8; )  133 

3 � 3_ � � � � 
 X � 
  



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

 

                                                                                              � 

 � � � � �  � � � � � 

 � � � �  4



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

� � � � � �  � � 
 � � � � 
� �  2007 1 

� � � 	 � 
 � � 



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

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

� � � � 
 � 	 � 	 
 � � ! 
 � � 
 � 
 � � � � � 
 ! 
 � � 
 � � � 
 � � " # � 
 
 � � 
 
 � � 
 � � 	 � 	 � 	 
 � � 

� � " � 	 � � 
 � � 
 � 
 � 
 � � " � � � � 
 � 	  
 � � � � � � � � ! 
 � $ � � � 
 � � 
 � � � 
 � � � � � 
 
 � 

� � � � � � � � 
 " � � 
 � � %
 & � � � � 
 � � 
 
 � � � � 
 	  � � � 
 � 
 � 
 � � � 
 � � � � � � � � 
 � � 

� 	 � � � � 	 
 � � " � �  ' � � 
 � � 
 
 � � � � � � 
 � 	 � 
 � � 
 � 	 � ! 
 � � 	 
 	 � 	 � 	 
 � � � $ 
 � � � 

� � � � � � � � � 
 � 
 " � � � � � 
 � � 
 
 � 	  
 � � � � � 	  
 � � � 
 � � 
 � 	  
 � 	 � 
 � � 
 � 	 � 

� � � � � � � � 
 
 � � 	 
 � � � � � � 
 � 
 �  � � � � � � � � 
 � � � � � � � 
 � 
 ( � � � 
 � � � $ � %���
 
. 
 � � � 
� �� �  
 � 
 � 
 ! � � 	 � � � � � � 
� � � �  � ! �  � � �  � � � � ��  
 � 
 � � � �  � � 
� � �  � � � � �  
! � � � � � �  � � � �  � � � �  � �  � 
 � � � � � 
� �  � � � � ��  (� � �  	 � &� � �  � � � � �  � ) � � � $ �  &� � �  
� 
 � � � � 	 $ � 
� � � �  � � � �  � �  � � � ! � � �  � � � �  � �  � ! � � � � � � � �  
 � 
 � � 
 � � �  ! � 	 � ��  

 &� 

 �  � $ �  ! � � 	 � � � � � � $ � . � �  � � � � � 

 �  � � �  �  � � �  ! � � � � 	 	 
� � � , �  � ! � ��  
� 	 
� �  �  
 � � � ( � �  �  ! � � 
� 

  , � �� � 
 ! $ �  � ! �  � �  � � 
	 �   ! � �  � � � 
� � � 	 � �� � 
 
 � � 
 
� � 
 � � �  ! � � �! � � 
 � , � �� � 
 � � � � � �  � � � � � � �  � 
�  � � � � 	 $ � �� � � 
�  � � � 
� ��  � �  
#� 
� ( � 
 � � �  
� � ( 
�  ! � � /� �  � #� �  ! � � ! � 
 � �  “ ( � � � -� #� � � � 
 � � �  � � � � � ”  	 
�  � ,� 
 
� � � 
  � �  � � � 
� � � 	 � � � � � ! �  � � �  ! � &� �  � � � 
� �� . 
0 � � � � � � � �� �  � �  � ! � � � � � �  � �  	 �� � 
 � � � �  � �  � � � �  � 
�  � � � � �  � 
� � � � � � �� � : " �  
� �  � � �  � � � � ��  (� � � �  � � � � 
� � 

 �  
 � 
 � � 	 
 � �� 
� � ) � � � � � 
� , � �  
 � ! �  � $�  
� � � � 
 
�  � $ �  � � �  � � � 
	 � � , ! 
� � � &�  � � � �  � ��    � � �  � � � 
� �� �  � �  � �� � �  
� � 
� � #� � � �    � � � � � � � � � � � �  
 
� � �  � � � , � � � � � � 
 � � �  
 � 
 )&� � �  � � #� � � �� � ! 
%� � #� � &�  � � � 
 � �  ! � � � 
� � � � � �  � �  -� � #&�  � � &� � � � - ! � � /� � � �  � � � � , � �  
� � � 
� � � 	 � �� �  � � � � ! $� 
� 
   � 	 � � �  
 � 
 � � � ! � #� � 
 � �  �  � � � � � � � 	 ��  � $�  
� � � � 
 
�  � $ �  � �   � � �  � � � � 
�  ! �� $  � � 	 
 � 
� 

 �  � �  � � �  � � � � � 
�   � #� �  � 
� -
� � �  � � � 
� �� �  � �  � � � ! � � � � � �  � � �  � � � � � � � 	 �� . 
" � � � , � � � � � � &�    � � � � � &�  � � �  � ! � � � 
 
 � 
 ! � � �  � ! �  � � �  ! � � 	 � � � 

 � � � � �  
� � � �  
 � � � �  � $ �  � ! � � � 	 
� � &� . 1  �� 
�  �  #� � �  � � �  � � 	 
� � 

 � �  � $ �  
� ! � � � 	 
� � &� , � � � 
� � � 	 � � �  � � �  ! � � 
� � � � � �  � � �  � ! � ��  � � � � 
 
� � � �  � � � 
� �� � -

 � � � � � � � � 
 � ! � �� �  � � � � 
� � ! � 
&� � � �  � �  � � � � � � �  � � �  
 � � 
� � � �  
 &� 

 �  
� 
� � � � � � �  � �  � � � � ! &� 
�  � � � �  � � � � � &� . %� � 
� � �)� � � � �  � � �  � � � � � � � ��  � $ �  
� � � $�  � �  � � � � �  ! � � � � � � �  � � � �  
 � � � 
�  � � � � �  ! � �  � � � � 
� � ! � 
� � � , � 
 
� � � 
� �� �  ! � � � � � �  � � � �  � �  � ! � � � � � � � �  
 � 
 � � 
 � � �  � � � ! � �� � � . 
2 � � 
 � � � � �  � � � � � � � � � � �  � � �  ! � � 	 � � � � � � 
� � �  
 � � � � � � � �  � 
 � 
� &�  � � � �  
� � �  ! � � � � � � � � 
� � � . %� � #� � &�  � 
�  � � � � ! � ��  ! � �  � �   � � �  � 
� � � � 
� �  � � � �  
� �  � � �  
� � � � ��  � � � �  
 � � � �  � �  ! � �� � ) �  � � 
 � � � �  � � � �  	 
� � � � � �  � � � �  
 � 
 � � � �  
� � � � � � �� . 3  � � �  � � � � � � �  � � #� � � 
� �  � $ �  � ! 
� � �&�  � � �  � � � � 
 �� � � �  ! � �  � �  



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

 

                                                                                              � 

 � � � � �  � � � � � 

 � � � �  2

 � � �  ! � � � � � 
�  � 
� �  � � � �  � � � � 
 
� � � � � 
� � � � � � �� �  � �  � � � � � � � � �  � � 
 � � � �  
� � � �  � � � � � 

 � � �  � � � �  
 � 
 � � � �  � � � 	 � � �  ! � �  � � � � � �  � � �  � � � �  � � � � 
 �� � � �  
� �  ! � � � � � 
�  � ! �! � � �  � � #� � � 
� � . , � � 
 
 � 
 �  ! � � 
� � 
� � � �  � � 
�  � ! 
� � 	 � �  � � �  
� � 	 $  � � �  � � � � ! $� �� �  � 
� �    � � �  � � � 
� 
&�  � � � � �  � ! � � � 	 
� � � � , � �  � ! � � ! �  � �  
! � 
� � ) � 
 � � � � �  � � �  
 � 
 � � 
 � � � �  � � � �  ! � � 	 � � � � � � 
� � � � . 
" ! �  � � 
 � � �  ! � � 
�  
 � ! � 
� 
 ! � � � � � � 4� �  � �  ! � � � �  � � � �  ! � �  � �  
� � � 
� � � 	 � � � � �  � �  � �  closed-source 	 
� � � � �  �  de facto � � � ! � �  � � � ! � � ( � �  
� � �  software. , � � �  � ! �  � � � � � �   � � �  �  Richard Stallman, �  � ! � �� �  � ! �  � � �  
� � �   � 
 � � �  	 � $� � �  � �  ! � � � � � � �  
 � 
 � � � � �  � 
�  � � � � 
�  	 
�  � � �  � � � ! � � ( �  
� � � �  � � � �  � �� � � �  ! � � 	 � � � � � � $ � : � $�  � � � � � � � � �  ! � � 	 � � � � � � $ � . 
� �  “ � � � � � � � �  5 � 	 
� � 

 � ”  � �� � 
 ) � � � �  � � � � � � � �� � , � � 
 
 � � � � � � . .  
� �  � � � �  � � � 
 � � �  � � � � � � � ��  � �  � 
 � � � � � � 
, � � � 
	 � � 4� 
, � 
� � � � � 
, � � � � �  � � 
, 
� � � ! � ! � 
 � � 
 
 � 
 � �  � � � � 
&� � 
 � �  � � � � � � � �  � � 	 
� � 

 � . ' 
�  � � �  � 
 � �� � 
� , 
� � � #� � � � � 
 � �  � � � � � � 
�  � � � 

 � �  � � � � � � � �� �  : 
� � �  � � � � � � � ��  � �  � 
 � � � � � � 
�  � �  ! � � 	 � � � � �  	 
�  � ! � 
� � �  ! � � �  � 
 � ! �  
(� � � � � � � ��  1).  
� � �  � � � � � � � ��  � �  � � � � �  � � 
�  � � �  � � � ! �  � � 
� � � � 	 �� �  � � �  ! � � 	 � � � � � � � �  
 � 
 
� �  � �  ! � � � � � � � � � 
�  � � 
�  � � � 	 
 � �  � � �  (� � � � � � � ��  2). 1  ! � � � � � � �  � � � �  
! � 	 � ��  
 &� 

 �  � �� � 
 ! � � 6! � � � � �  	 
�  � � � � .  
� � �  � � � � � � � ��  � �  � � � � 
� � � � � 
�  � � � �	 � � #�  � � �  ! � � 	 � � � � � � � �  &� � �  � �  
� � � �  � � 
�  � �  � � � � � � � $! �  � � � . (� � � � � � � ��  3).  
� � �  � � � � � � � ��  � �  � � � � 
&� � 
�  � �  ! � � 	 � � � � �  
 � 
 � �  
 � 
 � � #� �  � � 
�  � 
�  
� � � � 
&� � 
�  ! � �  � � � 
�  
 � � � 
 � � �  � � � �  
 � 
� � , &� � �  � �  � ! $#� � � � � � � � � 
 � � � �  
�  
 � 
� � � � � �  (� � � � � � � ��  4). 1  ! � � � � � � �  � � � �  
 &� 

 �  � �� � 
 ! � � 6! � � � � �  	 
�  
� � � � .  
 
, � �  ! � � 	 � � � � �  � � $ � � �� � 
 � � � � � � � �  � � 	 
� � 

 �  � � � �  � 
 � �  � � � �  � � �  � � � � �  
� � � �  � 
�  ! � � � ! � � $  � � � � � � � �� � . � ! � � � � $ � , � �  ! � � ! � 
 � �  � �� � 
 � � � � � � � � �  � �  
� � � � 
� � � � � 
�  � � � �	 � � #� , � �    � $� ��  � � � ! � ! � 
 � � 
� , � $ � � � �    � � � &� � � � � �  
	 
�  � � �  � 
� � � �  , � � � �  � ! � 
� � �  ! � � �  
 � 
 � ! � � �  ! � � � . 2 � � � �  � � � � � � � � �  � �  

 � � � 
�  � � �  � �  ! � � � ! � � $  � � � � �� � 
 (� � � � ( �  � � � $� ) ! $�  � � �  � � � 
� ) � � � 
 � �  
)� �  � � 
�  � ( � � � 
� � � � � � �    � �  ! � � � &� � 
�  
 � ! � 
� �  &� � �  � �  � � � � 
�  � �  
� � � � � 	 �  � � � 
� . 
7 �  ! � � ! � 
 � ! �� � �  � �  � � � 
�  � � �  � � � � � � � ��  � �  
 � � � 
�  � � � ! � ! � 
 � � 
�  
 � 
 � �  � 
�  
� � � � 
� � ! � 
 � � 
�  � $ � ��  � �  � �� � 
 � ! � � � � $ � � � � �  � �  � �  � � � #� � � 
� . " �  
� � � � � 
� � � � 
�  � 
�  � � � � 	 � �  � � � , � � �  � �� � 
 � ! �� � �  � ! � � � � $ � � � � �  � �  
� 
� � ! � 
 � � 
�    � �  � � � � � � &� � 
�  
 � ! � 
�  � � � 
� � �� . 



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

� � � � � �  � � 
 � � � � 
� �  2007 3 

1  � � � � � � � ��  � � �  � �  � � �  � � � �  ! � � 	 � � � � � � � �  � � � � �� � 
 ! $ �  � �� � � � 
 �  
� � � � � � � ��  � �  
 � � �  � � � � �    � ! 
� � �� � � �  � �  � �  � � � � 
� � ! � 
 � � 
 � �  
 � � �  � �� � � �  
� ! � � � 	 
� � 

 �  � � � � � � � , 	 
�  
 � � �  � �� � �  � � 	 � � �� �  � $ � ��  � �  � �� � 
 
� ! � � � � $ � � � � �  � �  � ! 

 � 
� $ �  � � 
 � 
  � $�  ! � � � � � $ �  � �  � � �  ! � � 	 � � � � � � 
� �   
  � �  
 � ! � 
�  � � � �  � � � � � � � � . 
1  � � � � � � � ��  � � �  � � � � 
� � � �  �  � � � 
	 � � #$�  � �  ! � � ! � 
 � �  ! � � 
� � � � � � � 
 
� 
 � � � � � 
� � �  � � � #� �  � � �  ! � � 	 � � � � � � � � , 
 � � &�  
 � 
 � � �  ! � 	 � ��  
 &� 

 � , � � � �  
	 
�  � � �  � � � ! � ! � 
� � � � �  � � �  
 � 
 	 
�  � � �  � � � 

   � 
 � � � �  � � �  ! � � 	 � � � � � � � � . 
(1  � 
� � � �   ! � � 	 � � � � � � $ �  � �  � 
 � � � � � 
� �  � � � #  � �� � 
 � ! � � � �� � � �  	 
�  
� 	 
 � � 
� � � � � � �  � � � � � � � �  � � 
� � � � 	 

 �  � � � �  � � � � ). 7 � $� � �� � 
 � � 
 � �  � � � �  
� � �  � ! � � � � 
 � � � ! � �  � �  � � � 
� � � 	 � � � � �  � 
 � � � � � 
� �  � � � #  	 
�  
 � ! � 
�  
� � 	 
 � 
 � 
� � � �  ! � � 	 � � � � �  (� ! �  � �  � � 
	 �   ! � �  � � � 

 � �  	 � &� � � �  � � �  
� ! � � � � � �) � � �  
 � � 
 � � � � 
� ), � � � �  � �  ! � � ! � 
 � �  � � � 
�  � � �  � � � � � � � ��  � �  
� � � � 
� � � � � 
�  � � � � 
� �  � � � #� �  � �  ! � � �! � $ � �  ! � �  � � � ! � � ( � 
�    � � � 
�  
 � ! � 
�  
� 

 �  � � �  � � � ! �  � �  � 
�  � � � 
� � � 	  � � 
� ). 
' 
�  � �  
� � � � � �  ! � � 
 � 

 �  � 
 � � � � � � 
�  � � � 

 � �  � � � � � � � �� � , 
 � 
 � �  � ! � � � ��  � �  
� � � � � 
� � � 
�  � � � � 
$ � � � � �  � 
 � � � � 
� , � �  ! � � ! � 
 � �  � � � 
�  ! � � � � � � �  � � � �  
! � 	 � ��  
 &� 

 �  � � �  ! � � 	 � � � � � � � � . � ! � � � � $ � , �  ! � � � � � � �  � � �  ! � 	 � �� �  

 &� 

 �  � �� � 
 � ! � � � �� � � �  ! � � 6! � � � � �  � � �  � � � � � � � �  � � 	 
� � 

 � . 
� $� � � � CB� � +" / � " %� 0� � �� / � � %� �� +� � / 4%� � � � �� � " � � � ! " �� � � � �� B" %" � �
5� %! " 1 � � � � �� C� � � � � � � � " �! " 1 � f� � � � * � ! %� " � �  �� � A� " +� f � � �� � C� A� ��
! +� * � 00� +� � � CB� � � �� � $� ! " %� ! +� � 5/ � * � 0" A� ! %� " � +� 0� � �! � �� � $f�
C� � � 5� � " � #� � � � � � � � " �#� � � 1 ! � �#� � � �� " %� � � +0� �� � " � +#� ! � � B0� +#� � T � � �
� � � �� " B� � A� " +� �u� 4� 0� � " 1 � u�C� � � � � � � � " �! " 1 � � � � �� � " � �� � �1 � � " � +� � 0� � � +f�
� �� � C� A� �� � � � C" $! ! � +� � � � �� � �� � 41 � � +� � " � � � � 1 � �� � � " � � � C� � � � � � � � " � � �
C� � � 00%0� f� � +� 0� � � � 1 � " � #� " � 5$" � " � � � � �� ! � � � � � � 0%� ! +5� B" %" � � " �#� � � � #�
� � � B! � �#�0� � �! � �� � $� �  
� � C� B! * � ! %� ! " � � � �� 4� ! �� � � � 0� $4� � � � _ � � �! � �� Bf� " � � � C� A� � � � � ! +� � 5� A#�
* � 0" �1 ! � �#� � � �� � +[ %� � � %� C0� � � � � �0�� B" %" � � C� � #� " � � 5� / ! " %f� � � � � Aa� ��
� �� � � 1 #� � � � +#� � A0� +#� C� � � � ! � A� #f� � C�" +� 5� � � " � �� � +� A� #� � � ! � � " � +�
� �� � �� " $� +� � � " %� � � � C� A� � +! %f� ! " %� � %� B! �� � � �� A� %! %� � � �� ! " �#� � C�5� �� / ! � �#f�
� � � �� � � � � � " � �f� � � %� � � 1 � � � " � �� � � �� � C� � " � $� � � � � � �� �� A" � � � � � 0� +! " �� B�
� � � � 0� A� f � � [ �BC�! " � f� ! " � 4� � B� ! " %� 0� �" � +� � A� � � � �� � C� 00� � � � � � � � CB� " � �
! %� � � " �� B� � B! " � #� " %#� � CB� " %! %#� � � �� " � � � � � � * � 4� A! � � � � �  
@� � � � � ! " B" � � � �B0� � � � +" 1 � � " � � �C� � � � � � � � " � � f � � � � � � �4� B�5� %! " 1 � �C� +�
� � � � 5� " � �� ! " � � � c � � � � " � � � $� �� f � � A� � �� " � � 0� �" � +� � �� B� DEF9Gf� " � � � C� A� �
� C� " � 0� A� � �� � � CB� " �#� � � � � 0$" � � � #� � C� � � ! " � ! � �#� ! " � � 51 � � � "%#�
C0%� � � � � �� / #� � �� #� � � �� � � � ! � � ! " � +#� 5� / ! " � #� %0� � " � � � �� 1 � � +C� 0� � �! " 1 � �
" %� � � +� � "B" %" � � � � � � 5� +� � � A� � � �� � � � � " �� / � � C�0� � / � C� � � � � CB� " � � � � B! � � �
" � � � vH EF87I <w� �@� �DEF9G�[ � � A� %! � � � CB�" � � �DEF9<�Q7UxV:8<� �



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

 

                                                                                              � 

 � � � � �  � � � � � 

 � � � �  4


 � " A! " � �5%#� 0� � �� / #� � A� � �� " � � 0� � �! � �� � � C� +� � � � � � � � � " � �� ! " � � � � B! � � � " � � �
� +! " %� � " � � � � � � � � � � �� 1 � � � 0%� � � � � �1 � � � � �� � 5� +� � � A� � �� � � � ! " � � � #�
yU; ; &' ( � �
, � �  GIS � ! � � � � � �  � � 
� � � � $ �  � � �  � � � � � � �  ! � � � � #� � 
&�  ! � �  � � � � 
� ) � � � 
 
	 
�  � �  � � 
� � � � 	  � � 
 � �  � �  � � � 
� � ��  ! � �  ! � � � ! � � ! � � � � 
 � ! �  � 
�  � $ � 

 � �    
	 � $	 � � #

 � �  � � � � � � � 	 � � � � � . � � � 

   � ! 
� �$( �  
 � 
 � � � � � �  � �� � 
 �  ! � � &� � � �  
� � �  � �  � � � , � � �  � � � ! � � ( � �  
 � 
 � � �  � ! � � �  � 
( � �  � � �  � � � � � � � � �  � � 	 
� � 

 � �  
GIS ! � � $� &� � � �  � �  � �  � �  
 � 
 � � �  � ! � � � � � � � $ � �  � $ �  � � � � � 
�  � 
� � � � 
� $ �  
	 � $	 � � #

 &�  � � � 
� � �$ �  � ! �  � � �  �� 
�  � � � � 
�  � � �  � � � � � � � �� �  � ! $�  	 
�  � �  
� � � � � � � �  � � 	 
� � 

 � . 
� �  � � � � � � � �  � � 	 
� � 

 �  � ! $�  ! � � � � � #� � � � 
 �  � �� � 
 � � �  � � � �  � � � � � � � �� � , 
� � 
 � 
�  � . � �  � � � �  � � �  � � � � � � � �� �  � $�  � � 	 
� � 

 &�  � � � � � � � � $ �  
	 � $	 � � #

 &�  ! � � � � #� � 
&�  � ! � � � � � �  � � � 
� � � 
� � � � � � �  � � �  � � � � 
�  � � �  
� � � � � � � � �  � 	 � � � � . � �  � � � � � � � �  � � 	 
� � 

 �  � #� � �  � � �  � � � � � � � ��  � $ �  
� � � � � &�  � �  � � � � 
� � ! � 
 � � � � , � �  � � � 
	 � � 4� � � , � �  � 
� � � �� � � � , � �  
� � � � �  � � � � , � �  � � � � ( � � �  
 � 
 � �  � � � � 
&� � � �  � �  � � 	 
� � 

 � .  
1  � � � � � � � �  
 � 
� � � � � �  � � 	 
� � 

 � �  � � � 
 � � � � 
$ � � � 
 � � �  � �  � 
� � 
 � 
�  � � $ �  
� $�  � � � � � � � �$ �  � � &� . %� � � � �  
� 
� 
 � � � � �  � #� � � � 	 � �  � � � 

 � � � � � � � � 
 � �  � ! �  
� 
�  � � � � � � � �  � � � � . � � � � � � &�  �  � � � ! � � ( �  	 
�  � � � 

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

 � �  ! � � � � � �  � � 
 �  � � � #� &� . " 
 � � �  ! 
�  ! � � � � � � � � 

 � �  	 
�  � � �  
� � � &! �   � � �  �  � 
� � � � 
� � � � � �  � $�  	 � $ 	 � � #

 &�  � � � 
� � �$ � . 
" � � 

 �  �  � � � 
� � � 	 ��  � $ �  � � 	 
� � 

 &�  FreeGIS � 	 
� �  � ! �  � 
�  � � � � � 	   
� � � � � � � $ �  � �  � 
�  � 
� � � 	 

   � � � �  ! � � � � #� � 
&� . 1  ! � � 
� �   FreeGIS 
! � � � #� � �  � 
�  � � � � � 	   � � � � � � � $ �  	 
�  ! � � $  � ! �  18 �  � � � . .  
 � � � � � 	 � �  
� � (  � � 
 �  � �  ! � � 
� � � � � � � �   � ! �  100 
 � � � � $�  � � 
�  � � & � � 	 � � � � $ �  �  
� � 
� � � �  � ! 
� 
 � ! � &�  � � (  � � 
 �  � � � � ! $ � 
� 
 � . 
1  � � �� �  	 � � 
�  FreeGIS.org � 
�  	 � 	 �  � 
�  � � � � � &�  ( � � � � � � � 
� � � � � �  � � � �  
� � � � � � � $ �  � �  � � � � �  � � �  � � � � � � � � � �  � $ �  � � � � 
� #� � � � � � $�  ! � � � &! $�  � � �  
� � � � � �  � ! � � � �  �  � $�  ! � � � � � � $ �  � � �  � � � �  � � � � � � � $ �  � 
 � ! � �� �  � ! � � � � �  
� �  � ! � � � � � � � �    � �  � ! � � � 
#� � � � . 2 � � �  � 
 � � � � � � � 	 � �  � ! � � � 
 � � � � � � 
 
 � 
 
� �� � 
 � � � 
 �  � 
� � � , � � � 
� � � 	 &� � � �  
 � � �  � � � � ! � 
�  � 
�  � 
� #� �   � 
� � 

 � � �� . 
� 
 � � �  � ! �  � �  � � � 
	 � �  FreeGIS � � � � �  � � �� � � � , � �� � 
 ! � � � �  � � � $ � � � $ � � � �  �  
! �  � � �  � ! � � �  � 
( �  � ! 
� � � ! � � � � �  ! � � � 	 � $ � � � �  
 � � � � $ �  � � 
� .  
. 
 � � � 
� �  � $ �  � � � � � � � $ �  � � � � � � � � $ �  	 � $ 	 � � #

 &�  ! � � � � #� � 
&�  
� 
� � � � #&� � � � � 
 � � � #$� �  � �  � 
�  � � � 	 
 � �  
 � 
 � 
�  � ! 
� � � �� �  � � �  ! � � � 	 $ 	 � �  
� � �  
 � � �  ! � � 	 � � � � � � � � . . 
 � � � 
� �  ! � �  � � � #� � � � � � 
 � �  “ freegis”  ! � 
 � � �  
� � 	 
� � 

 &�  � �� � 
 � � � #� � 

 �  � 
 � (  � : GNU GPL Apache License, 



� � � � � � � �  � � 	 
� � 

 �  G.I.S. GRASS 
 � 
 QGIS                                                

� � � � � �  � � 
 � � � � 
� �  2007 5 

GEOTRANS License, Apache License/non-free, AVPython License (MIT-
like), BSEish, EOOcompr License, GIS Viewer LICENSE, gslib License, 
IPW License, kdem License, MapServer License, NCSA-Type license, 
OpenMap License, Partly Pyblic Domain, QPL, shptrans license, SVG 
Toolkit license, vhclmaps License, AFL 2.1, GPL (v2). 
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r WWj z{ { I I I � \U; ; t E<�7Ut  
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 r WWj z{ { I I I �7j ; F<79Uk; t E<�7Ut .  
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