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� �!" #$��%& '()�( *+�, *�" *�"GPS -�./( 0���1 �, -�21 �2�32� 4$5 6 +�, �7� *(�(�
#��, %87)/ 9%7� :%%8	 �, ;�%� �< �	(!%�=	 *��(!/ ;( *�%& $��(� ���%�(�>? �)*;�6�AB �%C�

:%/; �, DE	�/ 4)F5 6 9%7� (�2( �3H�2 �6$I/ -(��( �� (� .�)C / �, �K6� 09%LI	 :�( ��
#$��%& *�MH N%IO	 �)C / :�$, 6 ���& �(�7 �2��, ��)/ �FP�Q	�%R �S%7 -(;�( *�"

-)/;1 $K (�?( 6 �T(�U ���"."�V3W�( �ML� X�O3Y/ 0�,�Z #$��%& [� [� 6 #��B :%%8	 (� �
�EZ \YA/ ���/; ]^()� �� (� _�L� X�O3Y/ 6 �B�T �C� ��)/ �%W/ *6� �, ��%2 #$��%&

�)S�.#�(� �;(��� ;( `� $/1 �2� �, �MH 0a?�/ X�O3Y/ �, �,�Z #$��%& _�L� �W��L/ 6 �" .
#�(� �, �MH :�( `b2 $K c�S5( ��%2 #$��%& *�".*�MH ')S=/ -���� ���O3Y/ _�L� X�EZ

 �d(�( e��3� 6 �W��L/ �V�$.� �, #$K N%IO	 _�L� X�O3Y/ *�MH ')S=/ �, f��/;1 �" �� #$K
$���&.#;($�( �, �MH N%IO	 gE2 0�P�T �6� ;( #��Q32( �B �(� -�A� e��3� h��3��2 6 �3/

 -(!%/ �, �MH f"�B�i�/ $^�� ���&.

��� 	����!" :GPS �6�AB 0�MH f"�B 0�32�9%7� *;& 0%�,�Z #$��.

1jf�(��3H)/12� K��B �#$.A�(�;�6�AB *0!��E	 #�VA�(� .
2j�����32( #$.A�(��VA�(� 0*;�6�AB!��E	 #.Emial:navid@tabrizu.ac.ir. 
3j" )k5%SF5 Xl��AL� #6�& �(��,*0!��E	 #�VA�(� .
4j)=A�(� *2� K��B �:%/; $K�( 2� K��6�"�K #�VA�(� .
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]/()5 ;( ���%�(�>? �%87)/ 9%7� :%%8	 09%7� *;�6�A< !%� 6 :%/; �, DE	�/ 4)F5 ��
�/ *�6�P $K�, .:�( #;6�/( q)r) .	 ;( #��Q32( �, ��<*2%87)/ s3W%�����? t��1GPS 
�/ X�)^ ��%& .(�2 :%#�()"�/ s3W (*8	 u�2( �, %%87)/ :%��/; ���./ 6��X�5vU( 0

�,6��*87)/ 6%�2 �$8,*7�%�	 (� �"�,��B 9%/; _�L� 4�S	 �� 6 #�)S� �% �sd(� �)U �, 
/ �(�7 u�32� ���$"� .#$��%&GPS -�/; 0�%87)/ :%%8	 *(�, �, (� #$K ������ *�"

�/ �W��L/ �)H -�/; $ < .\YA/ 06� :�( X6�Q	 #$��%& �F^�� #$  <GPS #�()"�/ ;(
),!/�/ �$K�, .&%#$��GPS �/ w�5 6 c)U 0#�()"�/ �2 ]7($T ;( #��Q32( �, $�()	

 ���x �, c��E	 �, 6 #��B :%%8	 (� �)H -�y/ ���%�(�>?)�3A%, �� 6(�2 �%87)/ 0#�()"�/
� (� �)H *$8,%$��S� :%%8	 !)� zrn0-(��.S" 6n��� .(;�6�AB*7�%9) 3E/ {�	$S5 �B�
;( #��Q32( �,GPS �2( �()32( (2�	 -�./(%;�2$ 3W/ 6 s*FS5 %r)	 X�%6 -�/; �� (� $

/ s"(�� -�./�/ �B $ B�K;�( �, X�5vU( $�()	�8	 �� %%r)	 �, �Z)/ ]/()5 :%$$K�, 
)0-(��.S" 6 |�EFKn���.(#$��%& �S" �7� 6 $��($� (� X�5vU( �S" ������ -�y/( �"

#$��%& :%��� !%� �S%7 -(;�( *�"$ 3W%� g2� / 9%7� *�"��< *(�, 6 #�),.:%%8	 *(�, 
9%7� s3W%2 ;( �,��< �%87)/ �	DGPS �/ #��Q32( 0+�, � �!" �, #6v5 ���Q2�3/ �< �)K

�W%� !%� u�32� �� -($ x.( �� �LI	 :%8	 �6� 9%%87)/ :%FP�Q	 ��;( #��Q32( �, 
&%#$�� �"*7 -(;�( 6 u�32� �� %EK �S%�;�2*6 #$K 32� -�./( %,���7� �, �"*��)/ 

*�"��,��< *(�, #o�), �C�off line 2��,���& ��2( #$ .( ;( #��Q32( �, -()3, �z�� x�:
�MH 0�6�*&%#$�� �"*32� �GPS 2�32� -�./( �, �?)	 �, 0�(� f"�B (���, -�21 

(�& ')� :%#$�� 7 6 �"%�� �S%�FS5 �� ���1 ;( #��Q32( 0���1 :%	���B#�(� �"*aS? �61*#$K 
/ s"(�� $K $"()H #��Q32( {($8, -1 c)U ����)K.

1- Global Positioning System 
2- Lechner 
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& �7� �z�1%#$�� �"*GPS Z�	 �I	 (�%/ �(�7 ���"�MH $"�*$ 3W" }F3Y/ .(�:
B�	 �"�MH%E��"�MH ;( *2%	�S3W%[�)� 0��"�MH 6 !*)�2*$ 3W" .�MH a,� /*

2%	�S3W%[�"�MH ]/�K*H 0#�()"�/ �, �3W,(6 �"�M*I/ �, �3W,(6 %6 ~)/ ��A3�( D
�"�MH*& �, �3W,(6 %/ #$���$ K�, .�"�MH*�MH ]/�K #�()"�/ �, �3W,(6 *�(�I�( 0�($/ 

#�()"�/ :3��& �(�7 �V�)Vx �, _),�/ *�MH 6 �5�2 / �k� �� �"�$K�,)0��."�K����.(

�W.K ]/�K ~)/ ��A3�( D%I/ �, �3W,(6 *�"�MHc� V%2 r�2�( *�" �� #�()"�/ ;( �
���2 �, ��)H�, ;( `� u�.8�( 6 �%W/ �%%>	 6 �QW�6�	 6 �QW�)� ��+ 6� ;( �)E5 :%T

#$�$� �2( �")0�	6vT 6 *)F5���n.(#$��%& �, �3W,(6 *�"�MH ;( �K�� *�MH ]/�K
�2( #$��%& �5�2 �(�I�( 6 :3�1 ;�� !B�/ X(�%%>	 .aE / �B $ 3W" ���"�MH !%� !�)�

YA/f%� ],�7 6 #$/�%� �2� �, �^�H c)/�� �I	 6 �3K($� \$ 3W%� � %,.*�"�MH
 �Y2 X+�.K( ;( *)�2*�(!�(4�� �� fY, *�"�MH 0�,��B X�"�E3K( 0#$��%& *�(!�(

�/ �K�� 0���W�( *�MH �� �	)%b/�B �� c�.K( ]%r� �, c�3 B �)K .�7� �, �,�%32� *(�, 
[� ��%&�� �3/ ;( �3SB 6 �3/#$�W��B�� 6� *�")�FP�Q	n(�EW� �%87)/ :%%8	 #)%K ;( 

�/ #��Q32( �)K .#$��%& ;( �Q? [� �r�T :�( �� #;($�( �" *�"�MH 6 #�(� 4�=�( (� *�%&
�/ N%IO	 [%	�S3W%2 �)K )���3�(�0-(��.S" 6n��� .(#$��%& ;( �.� �B g%	�	 :�$, �"

 �,�Z �ML� X�O3Y/ 6 #�), �,�Z)�� �ML� #��Q32( ���%�(�>? s3W%2 �� -1 X�O3Y/ �B ��
 D2)	 #$KGPS �3H� K �2( #$K (#;($�( (� �/ *�%&$ B.�%87)/ :%, *$8, �2 �(�I�( 

{�E��L	 0���� �ML� �87(6 6 #$K :%%8	#;($�( *�MH �, *6�W/ 46� #$��%& �� *�%&)��%2p(
)>A/ �3H� K�� �ML� �� ���./ �%87)/ :%%8	 �, �B �2(�2( c.�3����� c� V%2 X(�%%>	

 #$��%& ;( �d)��(� _�E	�( D2)	 #�()"�/ ;(GPS �/ c�2�( ��%2 #$��%& �, �,�Z���& .:�( ;(

 
1 - Bias 
2 -DGPS    
3 -Itani 
4 -Rover 
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c� V%2 N%IO	 �, ���7 �,�Z #$��%& 9��U -�./ N%IO	 *(�, �B �), $"()H �3����� *�"
�/ #��Q32(�)K .�/ N%IO	��%& 4�=�( {($8, �� 6 -�/; �� $�()	)X�%��0-(��.S" 6n��� .( 

-$r)"n-(��.S" 6)����(-�./ ;( 0�,��#�()"�/ (*(!�( ��? �� �r)	 -�/$�(� f%$
�%��$��)S� #��Q32( .( ���LI	 :%IO	 9%#�(� N�"*& ;( ]^�T %#$�� �"*7 -(;�( %�, �S

$/ 0�;(��� `� �6� ���& �(�7 �C� .�=�1 ;(��W/ �B %�"�*��? �)3B(�	 �B�T 
� �K(��,%S" �%X�O3Y/ 0�2( �,�Z �A�W/ �" ;( �ML� [%�� 4)F8/ �ML� -() 5 �, �

�C� �3��& $K.`b2 &%#$�� �, }L2 �[�)3B(�	 26 6 #$K gO�%W/ �F%U (� �B�T ��6
&%#$�� �" ���Z%����E. _�L� (� �EZ ��B.`b2 �AL� �5�!/ �, �.EK �AL��"*/;%:2� K�

6 #$K 9EM / �LM /IO	 _�L� X�O3Y/%$���61 �2� �, (� #$K N.��� ���( [SB �, ��:
IO	%�MH 0N*&%R #$��%� ��W�(�Q%F�7 -(;�( %;( (� �S���, �3/ �n$��(� f"�B �3/ .

�V�)Kp)����(`� ;( 0c� V%2 �;(��� �� �B ;�� *�"GPS ��(� �)?6 !%� �32� *�"
-�./ *(�, ��B #��Q32( 9%7� �,�� .� ;( 6(�32� #$��%& [[� 6GPS *6� �, �B 09%7�

�/ �(�7 #$K �3H� K X�O3Y/ �)S� #��Q32( 0���& .#�(� 6� �" ;( ]^�T *�"GPS[� �, 0
4��$/1 �2� �, �%W/ 6 #$K �;(��� 0�(!�( .W/%IO	 �%�)?)/ �W�1 c�S5( ]^�T 0#$K N

,%�K(��, #�(� :#$KGPS7� %6 9GPS 32���2( .B �r�T ��%S 	�%& 0[%6� #$��*
�E/)	( [%W/ 6 gO� ]%U ���(�&)�)	 �AL� �, #$K %�L/ [�$K �W.	�32( �r�T ��%[

�2�; �	 �7� 0a����3��2 �-�./ �� �/( 0$/1 �2� �, �3/ �,��B%	�S %(!�( [� 8/ f��(�*
��V� #$"�A/ �7� ���$.

LI	 ��%� 9��V*( 0���3�-(��.S" 6)n���(#;($�( �7� 0&%�*& �5�2%#$�� �"*[j	 
`��B�� 7 -(;�(%2��, (� �S�c(�jV3�( [jSB �, `b2 6 $��)S� &j%�*Wj/ 0%jU ��#$jK 

1- Peyret 
2- Holden 
3- Peat  
4- Schwieger 
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-�./ �,��$K.26%W/ 0�F%L3W/ �%$ x (� s��5�2 �, ��, :�"*r6 �,�Z �X6�jQ3/ )$jT ��
�5�2 �"*FS5 %;�6�AB X�*(�%�)S .�5�2 �"*#�V32� D2)	 #$K �EZ �"*�j, }F3Y/ 

�b/�B [%)�L/ �F�(� e 2 �5�2 �, 6 ]L3 / �	�$K �W .�3��j, �� �B �(� -�A� e%;( f��%
�MH 0��()/*& ;( #$/1 �2� �, �5�2 %;( �3SB 0�W��B�� [	 #$����/���Z �, �3/ j%�)j, �.

��� ���c(�V3�( �, 0� &%�*87)/ 0�5�2 ;( %�$j�$/1 �2� �, �" .(j��L/ �� �6� :j��j, �W
&%FP�Q	 #$����MH 0*SB�3*�K(� .*��3�( 6 ($3,( _�L� �< �), :�( �6� :�( #$S5 g%5

 $ K�, 9EM / s"�, $��, �<�T .(�LI	 :%-�./ -�./( �B ��B �,�Z 9�,��7�%#��Q3j2( �, 9
;(GPS ��(� �)?6 �W��B�� [	.

&�� � '��� 	�

�ML� �� #$��%& �� 9%LI	 :�( �� $K #�(� �(�7 �), \YA/ -1 9%7� X�O3Y/ �< *( .
�6� ;( #��Q32( �, 6 :%%8	 (� -1 �%87)/ �CIr �" �� #$��%& :�( -(!%/ �	�E2�I/ *�"

 �)?)/ *�MH�2� �,$/1 .�, 6 #$K c�S5( !%� _�L� ���2 #$K :%%8	 �%87)/ �� �MH :�(
�AL� X(!%�=	 ;( #��Q32( �, �< ���1 9%7� X�O3Y/ $���& �W��L/ �), #$K :%%8	 *�(��, .

:�( *(�, ��<U�L� ;( �ML� 6� ($3,( 0��AL� -�/;�2 D2)	 �B �(��,*8	 �)AB %%$��), #$K :
7� X�O3Y/ 6%3H( �� -1 9%�), ���)7� X�O3Y/%�� 6 '6�K �ML� 9�W/ -�%	�	 �, �%g
;( $��), X��E5 :″n/��′np°��E″�/nm′n�°��N6″�/�p′n�°��E″�/��′n�

°��N(�F^�� �, 0m�p/n�n �C� �� $K �3��& .�� �C� ��)/ -�./′��°��7�K �6′n�
°��r�SK �-6; �� 6��X�O3Y/ UTM �2( �3��& �(�7 .#�()"�/ �AL�(*��)/ �LM / 

].K �� �C���2( #$K #��61.

1- Bench Mark 
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(�� ��	�� )*(�����	� $,%� ����- .	/�� $%01� ��)23� ��� 45,� ���� �	67�� � ��78�(

�AL� :%,�6� ;( *�(��, TOTAL TC 1610 �r)U �7� �,mm�$K #��Q32( .*6� �,
 X�O3Y/ 0�ML� 6� :%, ]^(6 DH��$�$K \YA/ ��� D2)	 _�L� 6 $���& �EZ �ML� .

�F%/ �7� �, _�L� :�( 9%7� X�O3Y/ $/1 �2� �, �3/ .�AL� �6� ;( -)/;1 :�( �� *�(��,
�S%� $���& #��Q32( _�L� [%	�S %B .X�O3Y/ 0#$��%& [��" �� (� #�V3W�( �ML����%��Z 

�/ �EZ ;( `� (� ��� D2)	 #$K \YA/ _�L� X�O3Y/ 46� #$��%& 6 ��B���%��Z 
�/ �EZ 0�ML� �" *6� �, }7)	 �)S� .-)/;1 �%FB 4�=�( ;( `� D2)	 _�L� �EZ 6 �"

#$��%& �, [%	�)dq X�O3Y/ ;( #$K �K(��, _�L� X�O3Y/ 0��%2 6 �,�Z *�"UTM 
]�$E	#�(� N%IO	 ��? �P��� #��2 D,(6� ;( -()3, �	 $K ��< #��Q32( �" .�" �EZ -�/;

#$��%& ;( �U�L� 6 �2��, �ML� �, 0$��), #$K �EZ ���/; �CIr [� �� �B ��%2 6 �,�Z *�"
$�$K 9EM / s" .�ML� �87(6 X�O3Y/ �, #$K �EZ X�O3Y/ �F^�� *�MH �ML� �" *(�,

 �M,(� ;()�($/1 �2� �,.

)�(22
DD YXR += 

-1 �� �B 
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)n(2XXX KD −=

)�(2YYY KD −=

���1 �� 6(XD,YD)& 6 :%,�6� D2)	 #$K �EZ �ML� �P�5 6 �r)U �F^�� 0��%2 #$��%
(XK,YK):%,�6� D2)	 �ML� #$K �EZ X�O3Y/ 6(X2,Y2)#$K �EZ �ML� X�O3Y/

�/ ��%2 #$��%& D2)	 $K�,.

`b2#�(� �(��, 6 #$K �W��L/ 0#�V3W�( 9%7� X�O3Y/ �, ���� #$��%& ;( ]^�T *�"
 D,(6� ;( �MH)h(6)i($���& ]^�T.

)h(XXX b −=′

)�(YYY b −=′

���1 �� �B(X,Y) 6 #�V3W�( 9%7� X�O3Y/ (X',Y')6 �MH �(��, (Xb,Yb)X�O3Y/
�/ ���� #$��%& D2)	 #$K �K(��, �ML�$K�, .#$K �K(��, �ML� X�O3Y/ �V�� ��U ;(

 ��%2 #$��%& D2)	(Xr,Yr)D,(6� u�2( �, N%IO	 6 �),)�(6)�(4�=�( ���&.

)�(XXX r ′−=′′

)�(YYY r ′−=′′

���1 �� �B (X",Y")N%IO	 ;( `� X�O3Y/�/$K�, .�2� �, X�O3Y/ g%	�	 :�$,
 N%IO	 ��%2 #$��%& D2)	 #$/1$���& .

f��/;1 �� �"���, ;6� �" 6 ;6� ��(�.	 )��')S=/��f��/;1 (���& 4�=�( .;( `�
[	 *(�, X�E2�I/ 4�=�( N%IO	 ;( `� 6 ]E7 ��%2 #$��%& *�MH ]B ')S=/ 0_�L� [	

1 �2� �,$/.f��/;1 �" �� �87(6 X�O3Y/ ;( #$K �EZ X�O3Y/ ]^()� ')S=/ -���� ��
$���& �W��L/ �87(6 X�O3Y/ ;( #$K N%IO	 X�O3Y/ ]^()� ')S=/ �, .
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D,(6� u�2(�, X�E2�I/ 4�=�( ;( `���	��" *�MH 0#$K �K(��, _�L� ;( [� �" *(�, 
�" �� a?�/ �ML� ;( #$K �EZ _�L� ;( [�$/1 �2� �, �MH ')S=/ 6 #$K �E2�I/ -)/;1 .

4�� [SB �, �(!�(ArcGIS 9.3 $���& s2� #$K N%IO	 _�L� 6 �B�T �%W/ �AL� .c6$?
��, e��3� -)/;1 *(�, #$/1 �2� �/ -�A� (� �" $"� .].K �-)j/;1 $ x �� #$K �EZ _�L�

4�� D2)	 N%IO	 ;( `� 6 ]E7 (� �(!�(ArcGIS 9.3 �/ -�A� �$".!%� ].K �B -� zS"
 �/ -�A� #�(� _�L� gFR( �� $"� [j��!� �F^( X�O3Y/ �, #$K N%IO	 *�" #$jK �j	 $j�(

�2( �3��� f"�B �MH -(!%/ �B � 8/ :�$,.
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 ��	��)*(����- .	/�� �� (;	� 9�	7� 

��	��
����-

��� 2�<=�
��� � >-

����? '��<? 
@	%� 

(;��A B�

�	�3*)�7�(

;��A B�
CD (
E��F? ��**)�7�(

	0G 	�- 
H�	" 

I23� $7A	�

JK7G�
)�7�(

	0G L3�7�
�� (MN 
E��F? 

	0G L3�7�
�� �<8
E��F?

L3�7�
��O��
E��F?***

��� � n� n�/�� ��/p� + p�/�n ��/n ��/� �p/�
n�� n �� ��/n�� ��/��n + n�/p� ��/� pn/m ��/�
���

�
� n� m�/�� �n/mp + n�/� p�/n nn/n n�/�

��n � �� p�/�m ��/�� + p�/n� ��/n ��/� ��/�
n�n n nm ��/�p ��/n� + �m/n� ��/n ��/� ��/�
��n

n
� n� ��/m� �m/m� - �m/�� �p/n ��/n ��/��

��� � n� �n/mn �m/mn - �p/�� �p/n �p/n ��/�
n�� n n� mp/p� n�/�� + �n/�� ��/n ��/� �p/�
���

�
� n� ��/p� pm/�m + �n/�� ��/n ��/� �m/�

��p � n� pn/pp n�/p� - ��/n� ��/� ��/� ��/��
n�p n np �m/�p m�/mn + �m/nn �p/� m�/n �n/�
��p

p
� np ��/m� ��/�p + ��/� m�/n nm/n ��/�

��� � nm n�/�n� �p/�nn + ��/m ��/p ��/p n�/�
n�� n n� p�/�� �p/m� + ��/�� nn/� ��/n m�/�
���

�
� n� p�/�� ��/m� + �m/�� nn/� ��/n p�/�

��m � nm p�/��p �p/��n + p�/n p�/p ��/p ��/�
n�m n n� pn/��� �n/�p� + ��/� ��/� ��/� ��/�
��m

m
��, 6 � nm ��/n�� mm/��� + pp/� ��/� ��/� �n/�

��� � nm ��/mn �m/�p + ��/� p�/n ��/n ��/�
n��

�
n nm ��/p� ��/pm + n�/� �n/� ��/� ��/�
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n�� n n� �n/�� ��/�� + ��/� �m�/� n�/� ��/�
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c6( ��p/n ��p/� h��/�
46� �p�/n ���/n �p�/n
4)2 ���/n ��n/n �pm/n

4���x ���/� ��m/� m��/n
s= � ���/p n��/� n��/�
sAK p��/p �m�/� m�m/�
s3Q" p��/n �n�/� pp�/n
s3A" �mm/n ���/n ���/�
s�� ���/� ���/� �mn/�
s"� ��m/� m�n/n ���/�
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