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�*)

             ���V<��*H ���*I� ���9C*�	 "�� � ���V<��*H ���*I� ���9O< "��( A
   ��< ���!9)�)9 .(��   AP*I] L*<�� "�� >�B��G �	 �G&' �	 �IJ' ��� 

)� "�� ��� 
��� ���!9.  
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89 ��� <���� ���=> 
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  M��94 ,���I� ���	 ����          :�*� �*)&' "�*#	$ %�
&' �&(�� �
�)

         �4���� =�C���
$ 
� �< �'����C� ����I� �	 �
�� �*	   >*)�  ��*�$   A�*4�
 ����$ ������B� ��
 ��&����!9)���9��? ���@ .   

*: ���/ ��(4��� 2��        )Mean Absolute Error: MAE(  
 ��
 ,�	�� 
� ���!9)� �	 ���B� ��� ���I��	 >)���  ��$  :  

)1     (                                           n

PO
MAE

n

i
ii�

�

�
� 1

)(

  
    -$ �� �<Oi         x�� �� ��� %OG F$ �'����C� ���I� i    � 7�Pi   ���*I� 

����  
�)    �� ��� �    � ��I4 -$n    z�*I4 P< ���B'   �*� �*��	 .  ���*9O<
 ���U ���I�MAE�� �!Q �	��	  ���	.  
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 * =�B	�� ��(4��� �bG ���4 ���/  
)Relative Root Mean Square Error: RRMSE (  

���? �� ���!9)� ��
 ,�	�� 
� ����$ �9����� ��� ,�)�J� ���	  :  

)2  (                                
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OP
n

RRMSE
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ii�
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� 1

2)(1

  
     ��	�� ��� �� �<RRMSE          � =�*B	�� ��(4�*�� �bG ���4 ���/ n 

     �� F$ c���< >����� x��� ���B'���	 .�    �'����C� ����I� ��(4��� 
 ����
$ ��i�� -�C4 �� 7� ���. 

 * :�� ��
�	)Model Efficiency: EF(  
 ��
 ,�	�� 
� :�� -���4�� �� ��
�	�	 >)���$ ��     :  
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  ���I�EF       �' >��S4 �	 �!�� 
� 1  �� ���h'  ��< .     -$ ���*I� �*0��

��L	      >)� �9S	 :�� �����< ���	 �' .      ���	 �!�� >�O< ��� ���I� �?�
     �< >)� ��B� ���	����  
�)   �(4��� 
� :�� ��    �'�*�$��<�4 =����C� 

>)� .  
*:�@�	 ���I� W��s   ��4�� 

)Coefficient of Residual Mass: CRM(  
 P	�I� ,�	�� ���B� ��� ,�)�J� ���	�	 ��<��  ���:  
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   ���I� ���9C�	CRM   �	��	 1           >*�O< �*�� �*!�� ����*I� � ��&	 

-�C4 ���$�	 ��	 ����� :�� �< >)� -$ �?��  TKU�	 � ���	.  
*:���B' W��s   )Coefficient of Determination: CD(  

 ��� ����	 �� 
��� ������ �����  ���  :  
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           ����*I� ��<��*� c�*��� -�C*4 >�O< ��� ���*�   
�*)    � ��*� �

    ��(4��� :&H �'����C� >)� =����C� .  ��U1   ���	 CD   ��� �(4��	 
      � �'����C� ����I� �< >)�����  
�)          *���� 8*� �*	 e~��*< ��� �

��9�� .�� ���h' >��S4 �	 >�V� � �!Q c���J� �� �9����� ��� ��< .  
*:"
��	 ��&K4                                ) Goodness of Fit: R2(  

     �$ =����I� �� �< �9����� ���   ����	 ��� ���� ��	��<     �*�
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    -$ �� �<P    ����I� ��(4��� ����  
�)  �� ��� � ���	 .   
� >*�O< �*��

   �' �!Q1    ;��L4 ����I� � ���< ���h'   �	 �'1  �*9S	 	��' c���� -�C4 
C� � :��>)� =���� .  

  
 B(% 	 C,5D  

   ����I��	  >)�   ���� 
� ���$          �*)&' "�*#	$ %*�
&' �&*(�� �
�)
          �4���� =�C���
$ 
� �< �'����C� ����I� �	 �
�� :���	  >)�  ��*�$ -

    ��9��? ���@ ����I� ��&� A�4� .  :���G1   � 2     ��	 ����$ =����I� M��94 
       Q�H ����I� � "�#	$ %�
&' �&(�� �'����C� ����I�   
� P ���*�   
�*) �

  ���� ���**	 W**�'�' �**	 �� �
�**� :�**� �**����� � "
&**�$ � �**� �
>JQ  -�C4 �5�) ������.   PK�4        ;� �	 ;� W�� �	 �/ ���&O4 

     ����I� �K����? ,���I� ���	����  
�)   ���� � :�� �   �*�    � "
&*�$ �
 PK�5���� ���	 �� ���&O4 ��O�  ���>JQ �5�)�� -�C4  ���.  

  ����� �u�	 ���I�    "
��	 ��&K4 �9)R2 (      -�C*4 ���) �2�/ �&R �	
      ���� =����C� � :�� �u�	 	��' 
� .   :�V� -�&�U �	 e�9��S4A    PK*� 6 

               �&*(�� ��*�< �� �� "�*#	$ �'����C*� %�
&' �&(�� ��B	 �) ����r'
  %�
&'����  
�)            �4��*�� ����� 
� �4&O4 ��0 ���	 �
�� :�� �	 ��� �

      ��� �� -�C4 ��	 >SG � >U�) .      :�*V� �*�� >*)� �S��*	  �*�  �L*G 
����  ��  �>JQ  �5�)           �
�*� ��4�&@ i��B' � :�� "
&�$ �� � ��&	 

�4� �9��(4 ���@ ���!9)� ��&� .  
     �
��4� 
� PQ�H F��5' D�)� �	���?  ��      =�*I�IJ' L�4 � ��B9� �

   �2�@ ��IIJ�)17  A20   � 21 ( %�
&' �&(�� �����       �*	 z&*	�� PK� ��
    ����� �� ��	 -��	 ����� �U�L�         8+' �� �&|�	 >��H ��	 "
� �	 ��

    �� �&/ �	 PK� �}�� ��*�? .            �*�� =�C*���
$ M��*94 �*	 ��*��� �*��
>��� >I	��� �����.  

    �9S	 =���U �	    ��	 -��	 ����� �� �?�A        %*�
&' �&*(�� P*I] L<�� 
"�#	$ ��            A�&*� y�� "�#	$ ���?���@ PJ� -�O� �� =�r9+� ���� 

��	�S        >*J' ��I4 ��� �< >)�      ��*	 ��]�*'        ����*	 ��9*)�� �� e�*B�' �
 �**� �**��&/ �**5	�G ��**	 >**SG ��(4�**�� . �� ���**5	�G �**�� ���**I�

>U�)     ;��L4 ���5/0               �*	 �*�� ��&*	 �*9� ;� 
� �9O< ��4�] �� �9� 
               =�&*Q �*	 L*�4 F$ %*�
&' �&(�� ���5	�G ���I� A��	 >U�) ���L��

    ���? �� �9C�	 ��/ e����I' .     >U�*) �� �< ���G �'     �*	 ��*�   
� �'u6 
             ���H �	 F$ %�
&' �&(�� PI] L<�� ���5	�G ���I� ��4�] �� �9�5  �9� 

  �)� �� L�4 .          %*�
&' �&*(�� PI] L<�� ���5	�G ���I� ,�)�J� PH���
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                N&*s&� ��*O� �*	 �4�?��G �� ���I� �� 7�? �	 7�? =�&Q �	 A"�#	$
 ���� ��B�      -���KO� � -����B� �)&' AF$ %�
&' �&(�� �
�))6 (�J	 

                 ���*K' 
� L*���� P*��� �*	 � =���s 7�U �	 ��	 �< A>)� ��� �d��� �
             �*@~U �b*� � ��*� F�*�9G� �S4$ c��	�� ,d��� 
� ����� ��� �� W����
               "�� �*�� 
� ���!9*)� � �jH~� ���	 ��4�&' �� �J�� ��� �	 -����

����O4 �BG��� �&	L� ,��I� �	.  
  
  

�3�5D 
��&  
      ���� �	 ���� ����� ��� ��     ���*	 �
�*� ��� �  ���*�  �
�*)

       =&���9�*) ����	$ 89��) ��!�� "�#	$ %�
&' �&(��   >U�*) ��    � �*�
>SG   ��*	 i29+� ���     �*� ���� ��*	  .          �*�� �� ��*� �*d��� :�*� ��

   :�� x~/ �	 A�IJ'            �*2�2J' �*� ���U PH �	 �
��4 ;�9���	 ���
            � �*G��/ F$ =���@ c
��4� ���B' � F$ >G ><�H �K������ �	��� 
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 ���5- 	 F>���=� �,��� �6,�� ��!� 87�% ���7� )# <�� 
 "�� �	��  
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?(K F3�7  
  



�&'� $�! ��* +,�/ �$ �7�"8#$7�"�/ :�;!� ����< �=>$ ��#   1429  

 �	��1- C,5D �6,�� 
��# 
��5���0 ��!� 87% 
89 ��� 
�� ���� 
��% �$%# ",8�> 
�LM� F>���=� �,� ��8��# 

RRMSE MAE CRM EF CD R2  �% ?N�)����(   �% ?A�7)m/s   (     O,��

213/0 13/0 06/0-  982/0  943/0 985/0  0  0  1  
19/0 113/0 049/0-  988/0  97/0 99/0  84/205  57/0  2  
201/0 111/0 04/0-  988/0  983/0  989/0  06/124  99/0  3  
155/0 099/0 015/0-  993/0  007/1  993/0  54/315  49/1  4  
482/0 255/0 106/0-  935/0  081/1  938/0  49/124  07/2  5  
202/0 105/0 038/0-  987/0  977/0  943/0  4/6  31/2  6  
208/0 109/0 056/0-  987/0  962/0  989/0  38/199  49/2  7  
244/0 123/0 038/0-  981/0  953/0  982/0  29/290  61/2  8  
214/0 107/0 05/0-  985/0  937/0  987/0  71/249  61/2  9  
238/0 118/0 033/0-  982/0  945/0  983/0  29/110  61/2  10  
339/0 172/0 117/0-  968/0  939/0  973/0  66/279  61/2  11  
454/0 237/0 134/0-  942/0  933/0  95/0  34/80  61/2  12  
222/0 129/0 04/0-  987/0  025/1  988/0  58/202  52/3  13  
272/0 156/0 03/0-  981/0  073/1  981/0  71/334  9/3  14  
306/0 149/0 118/0-  972/0  84/0  986/0  64/195  19/4  15  
22/0 106/0 042/0-  986/0  001/1  987/0  9/351  1/5  16  
268/0 107/0 066/0-  981/0  947/0  983/0  24/225  49/5  17  
212/0 118/0 052/0-  989/0  973/0  99/0  3/32  54/6  18  
223/0 064/0- 051/0-  988/0  965/0  989/0  7/147  54/6  19  
33/0 192/0 096/0-  974/0  009/1  976/0  67/194  55/6  20  
201/0 12/0 042/0-  989/0  973/0  99/0  8/326  41/7  21  
257/0� 128/0� 061/0-� 979/0� 973/0  98/0  ��(4���  

  
 �	��2- C,5D �6,�� 
��# 
��5���0  ��!� 87�� % 
89 ��� 
���� 
��% �$%# ",8�> 
�LM� F>���=� �,� � 
?(K F3�7

RRMSE MAE CRM EF CD R2  �% ?N�)����(   �% ?A�7)m/s   (     O,��
193/0 113/0 047/0-  988/0  97/0  989/0  16/334  57/0  1  
268/0 134/0 066/0-  979/0  978/0  975/0  94/55  99/0  2  
191/0 114/0 026/0-  99/0  018/1  99/0  46/224  49/1  3  
603/0 352/0 117/0-  898/0  145/1  903/0  51/55  07/2  4  
435/0 228/0 138/0-  947/0  943/0  955/0  34/260  69/2  5  
363/0 196/0 049/0-  965/0  057/1  966/0  29/205  9/3  6  
508/0 227/0 176/0-  924/0  724/0  968/0  36/344  19/4  7  
3/0 16/0 075/0-  978/0  002/1  98/0  33/345  55/6  8  

208/0 122/0 055/0-  988/0  965/0  989/0  2/213  41/7  9  
968/0� 978/0� 962/0� 083/0-� 183/0  341/0  ��(4���  
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 ����< �=>$�&'� ��#��* D�/ �! ���   B<$�C��/ ����< �=>$  

    
 ��	 >U�)57/0 ,���
 � ��4�] �� �9� 16/334�G��   

    
 ��	 >U�)07/2 ,���
 � ��4�] �� �9�  51/55�G��   

    
 ��	 >U�)19/4 ,���
 � ��4�] �� �9� 36/344�G��   

    
 ��	 >U�)41/7 ,���
 � ��4�] �� �9� 2/213�G��   

��� 6 - ��,�6 9��&��F ��� �D��D 8� ��!� 87
 �LM�
 8�>," �$%# % ��Q57� 8� ��� 89
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   :�� ���`O�   �K�� x~/ �	 �s�H  ��       �*< �U&�r*� ��r*U �

:�� ���� ���) ��BG e~��< �  ��]�' >J' e~��< A����	 =��*��h' �4�� 
%	�' >�&|U A�
�� �?���  �*K�L��  �2n�*�  ��&*�  �*)��	  =��*j4 � 

�)�����<     �� �	��< �)��S� ,	�5' �  ���	 .  
�   ����$ ��B9� ������B�
���	  ����I� L���4$     M��*94 ��	 �� *Q�H   
� P    � :�*�    %*�
&' ��*�&(��

   ���!9)� �'����C���        ���� �� �
�� :�� F&/ ����	 >�2	�@ �   �
�*)
       >U�*) ����*J� �� "�#	$ %�
&' �&(��        f+C*� �&<b*� ��*	 ��*�

����?.     :�� 
� ���!9)� ��� �d���     "�#	$ ���	 �IJ' ��� ��   ���360 
�� ��Q&' P	�@ �G�����	 .  

 >)� ���	      �R >*SG ���*� �	 �	��       ���*�	$ 89�*�) %��*G �*H�
                -�&*O4 ��*J� �*	 �B�*)� w�*) �� =�C*���
$ >)� 7
u =&���9�)

         "�*#	$ N�&4� 
� ���!9)� �	 � =��!9� �O�2@� �����     ���b*� =�&*Q �*� .

      �� �IJ' ��� �� ��� ��5�� :�� ����	$ -�)�����< � ��)��S� �4�&'
  ����
$ 
� ��  ��   �4���� �   �)�� >@�R   
&' �&(�� ���B' ���	   "�*#	$ %�

   89��) �H��R �� ��!��   �	 =&���9�) ����	$ ���  ���O4 
��4 .  :�� ���
��R 
� �	 ��'�K� P	�@ ���I� -�?����&4>)� ���!9)� � �)�9)� .  

  


��RL7$7  
   ���I� -�?����&4   �� 7
u �&/ �	   ��4��    v�*' �*)��S� ><�*� 
�

)  �
���C< ��L	� ,B)&'(              ���*KO� �*	 �*< *�IJ' -��*H� ><�*� � 
              :�*O< A�*4����? ����*� �*�� 7�54� �� P�S�' �U�	 �&/ ,4�O�OQ

����O4 
��	� �� �4����@ � �KC' .  
  
"%��  

1-���
�OH� L�&? ��@v .�!������ A D.7 . ��OJ� �v .1389. ����I� 89��)  �*��  "&*�   �U&�r*�)ANN � ANFIS (  -�L*�� ��*O+' �� 
��+�'-��B' ���? %G�� �� R��� ����	 ;C/ �� A-�������C4 A�SC� �)���� ��(C4 F$ � �2G Av�/ 24 A ���O� 4A q. 689-679 .  

2-=��	 &K)�<. �OG�': ���!} N.A N �&��&rI�A �&� 
�9O� N.�  �O��@ t .1388. �K!' A�
�� =���C94� ��(C4�� �G�&/ ��r4 ����� �)&R.  
3-D �d�4��� ��!BG . �N �
���C< .1387.����I�  "�� �
�� � -&�)�?� ����$ >SG ���$�	 ��	  �	&*)�  �*4�/���  �*� �����*S0 A  ��*(�<  �*2� 

�)��S� A-��OU ��(C4�� -��S'.  
4-N �IG~) .�� ���	$ w9�  .1388.�)��	  -�K�� ���$�	 ��	 2B� �4�/��� t�< �	  ��*�? ��S	  *��� 
�  �
�*� �  �K�*�  A��r*U  ���C*4  %*'�� � 
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Abstract

A model based on Fuzzy Logic has been developed to simulate the distribution pattern of a single sprinkler. 
A Nelson R3000 sprayer with rotator pad and water application angle of 360o which is one of the most common 
types of center pivot and linear move sprinklers was selected. Several field experiments according to the ISO-
8026 and ASAE-S398.1 standards were performed to assess the water distribution pattern in no-wind and windy 
conditions at the Research Center of Agricultural Faculty, University of Tabriz-Iran. Results of thirty reliable 
experiments were used to educate & validate the model. Minimum and maximum wind speeds recorded under 
the field conditions were 0.57 and 7.41 ms-1, respectively. In order to comparative analyze between simulated 
values and observations several statistical criteria like R2, CD, EF, CRM, MAE and RRMSE were used. For the 
training dataset the average values of R2 and RRMSE were achieved 0.98 and 0.257, respectively. Also the 
values of parameters R2 and RRMSE for the validation dataset were calculated 0.96 and 0.34 respectively. As 
well as the other above mentioned statistical parameters for both training dataset and validation dataset were 
found satisfactory. To make the results practical a model was developed as a MATLAB m-file, using Fuzzy 
Logic that takes wind velocity and direction as the inputs and could simulate the distribution pattern of single 
sprinkler and have ability to display graphical and Excel file of results. With the statistical comparisons between 
simulated water distributions patterns with observed ones it was finally concluded that Fuzzy model had 
excellent ability to simulate the water distribution pattern.  
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