
١ 

 

 

   

 ز	�� �����
�� ع	���ا ��

�����ا  

January 5 

2011 
��ا ���أ.م :دا��إ��  www.kawngroup.com  



Eng. Usama AlFadel 

www.kawngroup.com  
 

�� ا����وع ��:  

�	 �4ال ا�!	 � ا������ �012 /���� .��-� آ)%��� �+ و%	*( ا�$)%' &� ا%$�#ام ا�!	 	ت 
ا>$	ج آ��� أآ<��+ ا�!	 � =;# ا%$�#ام >1	م ���� ����� %;:�+ . آ!	 � /8#�� ا��$7#دة

A+ أ��� ا����ذات 	2�0 �G)ال &$�ة  ا���F/	*�� وذ�D>�/ E /�	ء ��-)&� ا���8	 ا������ =
�:�+ ����� ا�����F8  و��8 آ��-�># �&� �	�� ��Mا�Hي �� ��� إن هHا ا����وع .%!)=�	

�0 ا���F2$	ت ا����Fو�8= #�$�8 ����� ���� ��	��7 ا�;1	م و�<(F	�M ا������ . وا>�	ء >1	م ��
( ا�$� ا���	آأ��Qا >	 P ا����وع و. ��ح �<#أ =��Mو ً	ا�$���� >8�1وا:8	 �� ����� �F�/ )( آ	

  .F�8+ أن >)ا���	 و/�R ا�2�)ل ا�<8#�� وا�$��2;	ت ا�$� F�8+ ا���	م /�	

 ��#��:  

�)ل ا�!	 	ت ا��$7#دة ��<S ذات ���ة أآ<�وا���8	 . وآ-	ءة ا=�F�/ 0( �$4ا8# �' ا�4�+ إن 
�0  ��� =0�1 ه) إن ر&'  ��� �Qج ا���8	 ا������ إ. ���U إ� �T	ل =�0 ذ�Eا���Fو����� 

��8	 ا������ إ�0  ��� وذ� � E� �ُ��X)ب /Mأ�ا# ا�!�ق ���2)ل =�0 . ا=��0&' ا���دود �
>1	م �	 0��8  دو�	 /	%$�#ام ا���Aآ��� ا��	ع اآ<� ه� ان �F)ن ا���8	 ا������ /�)ا��� 

���� ��ا $�	دي أآ��TF/ �T �+ ��اء =#د  X �>$�8	�<ً	ا�)2  هHا.(>1	م ا�$$<' ا�����( ��
�� �	 �)�#[ ا���8	 . � �+ ا���8	 �+ أ�( ا��2)ل =��Q 0ج أ=�0أآ<�� M<^/ �8#�$و��# �� ا�

�#م=;#�	 >%   ٦٠و ا�ـ  ٣٠ا������ F�8+ أن 48داد /�+  �� �$�اوح /�+ ا�ـ $�  ��أ��4ة ��
# او8$;	ول هH[ ا����وع ����� . 8�Q	 d	/$� =+ ا����� ا�$� >�2( =���	 =;# ا%$�#ام����� 

�� ��1<eا ]Hدوده��0 أ=�1 �  . �2)ل =

 f��$� ��	< +� �8(!��-�� =+ ا��2	%	ت ا�:)*�� وا���2آ	ت ا�Q ا ا����وع /��ضHو8<#أ ه
ا���2آ	ت ، و8$	/' ا����وع /��ح �;���7 ����� ���;� �$��f /ـ ا���8	 ا�:)*��. /	����وع

و��ح ، ا�<;�� ا�-�84	*��، و�8 �;��1 ا�$)��اQ$�	ر ا���F2$	ت ا��	�F8، ا��!)�8 ودارات ا���	دة ��	
و8��ج ا����وع /$)�i	ت �+ أ�( �!)�8 هHا . =+ >1	م ا���( ا�<���7 ا���$�#م &� ا�;1	م

  .ا�;1	م إ�0 >1	م ��$�<�� أ&:(

�)�	ت أ%	%�� ��:  

(�%	%�� اe�	ت  <( ا�k8#2 =+ ����� ��	ز ا����� ا������ �/# �+ ا�$��ف =�R�/ 0 ا���
��2آ	ت ا��!) �8�T( ا�  .�F)>	ت وا4�eاء اF�e$�و>�� ا�$� %�$� ا%$�#ا��	=+ ا� =+

�)�	ت اآ<� =+ �� ��&($� Eت ا�:)*�� وذ�	%	وا��2d^� �-م آ�	0 >1�= ��1<eا ]Hه �� ��ا���
�� ا�����Fا�. 
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  :ا�����ت ا������ -١

و أ/�l أ>)اع ا��2	%	ت ا�:)*�� ه) . ا��2	%	ت ا�:)*�� ه� �+ أآ�T أ>)اع ا��2	%	ت ا>$�	راً
أو زر>�CdS ( m(ا�$� F�8+ أن �F)ن �+ >)ع آ<���# ا�F	د��)م ،=<	رة =+ ��	و�� .)*�� 

أ�	 اe>)ع اeآ�T ����#اً &�� =<	رة =+ د8)د .)*� �$<' /ـ$�ا>4%$)ر ). Ga As(ا�n	��)م 
�*(..  

�:)ء � A�2$+ أ�( ا��)م ��د	Fع آ<�8$�# ا�(< +� ��*(. ���Q م#���	ز ا�$$<' ا����� $�8
��8	 ه� �+ ا��;	�i هHا ا�;)ع �+ ا، وهHا ا�;)ع �+ ا��2	%	ت ه) اeر�d �Q;ً	 واe ( ����#اً�

M��= l 	آ��� ا�:)ء ا�� '� ^�F= D%	;$� 	�$�و	��<� ا�$� �	ا�� . ����و�+ أ�( ا=#اد هH[ ا�
�0 ا�$���( �' ��	و��= )i(� . 	28#د =;#ه ��i(ج =;# ا���و/	�$	�� 8;�^ �#8;	 �47ء آ�)ن وا�

  .ا��F( ا�$	�� 8).S ا�#ارة ا��F	�o&. �+ ��7)ع ا���	و�$�+

���  &� هHا�ا����وع آ	ن ا��X<� ه� ر&' �)�� ا���ج =;# ز8	دة �#ة ا�:)ء �Hا �� و.' ا�
0�=eا�:)*�� &� ا.  

  

��ي و����� ا����� �� -٢�  :ا� ��ك ا�

و���' هH[ ا���2آ	ت ��$	ز . $�8�#م =	دة ا���2ك ا��!)ي �+ أ�( G<��	ت ا�E8�2$ ا�# ���
���	Tا�� 	����i A-	ت أ%	%�� ��$�آ� وا�$� ��7/ ���  .�+ أ�( �T( هH[ ا���
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 .��A ��	 ��-�ات •

•  )�2�	/ f��$� �. 

 .��	 ا�F	>�� ا�$�).' وا�$) q =;# اي زاو�8  •

 .=4م آ<S  )ي   •

  .�Q	*� ا%$7	/� ��$	زة •

ذات ا���	>�� ا��$��nة وا�;)ع ، ذات ا��n	l< ا�#ا*��: ان هH[ ا���2آ	ت ��	 �d�d أ>)اع وه�
  .ا���7+

�0 ا�47ء ا�T	U/ ه� ا���ء ا�Hي 4��8 آ( >)ع �+ اe>)اع ا��d�T إن D���� ��8�G ا���-	ت= .
�-	ت أ	د�8 ا��!D أو ��-	ت d;	*�� ا��!<�� � E�ا���2آ	ت ذات اe !	ب ا�#ا*�� ��F+ أن ��

l<	nآ�.  

 #" أ	د�8 ا��!<�� " =	دة ��$�#م أ��4ة ا�$$<' ا����� ��2آ	ت Q!)�8 ذات  !D وا
	د�8 ا��!<�� ���E و���$	ن و�E . ا�;)ع �+ ا���2آ	تو%��$�� ا���ح =�0 هHا eت ا	ا���2آ

)F��	/ +�>� (ه 	آ� l%و �!�< 	��;�.  

  

8$� ر/l >�!� ا�)%l إ��G 0ف � �8Hn�D�( /�;�	 8$� ر/l >�	8$� ا�)���� إ�0 ا�!�ف اeر.� 
��+ آ��/	*�+ �$�	آ��+  &� آ( �;$�q �+ ا�)����� )�F�� )أ� +�.  

 )Fات ا��(!�ا�$	�� ��8�G S.(8 أ=!	ء ا�$�8Hn ���2ك Q!)ي ذو أر/' Q!)ات أن =#د ا�
�0 ا�)�	*' /$$	/' = ��(� f�>!� f8�G += *' و8$� �#و�8 ا���2ك	د ا�)�#= q�. وي	�8

  :آ	��).S /	�7#ول ا�$	��
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وا�$�2ك ا�;�Q q!)ي ��F+ أن �8Hn$/ �$8 و���� . ا���2ك F�8+ أن F8)ن >�Q q!)ي
/$$	/' آ	����وض &� اe%-( هHا ا����وع . و/�#ه	 و���$�+ و�+ �d و���� وا#ة أ8:ً	وا#ة 

k2>ا ا�Hه �& 	ً�� ����-� )F�/ M$� 	;� �$8ي و(!Q q�< �2ك�م #�و8<�+ ا�7#ول . $�8
  .ا�$	�� ��8�G ا���	دة آ;�Q q!)ة
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	%�� �+ أ�( �T( هH[ ا������ وا�#ارة اe%. وأ��Qاً >2$	ج إ�0 دارة �+ ا�(  �	دة ا���2ك ا��!)ي
 ��+ ا� �F2$�/ +�>	��F( ا�$	�� أ�	 ا�#راة ا��	�i �+ أ�) هHا ا�$!<� ��& f�(.�2 و���و

	ً��.  
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  :��� �%�ء ا� #�وع ا -٣

%;;	 P &� هHا ا���� ا�!���8 ا�$� %�$� و&��	 /;	ء ��	ز ا�$��D ا����� و # �� �47أة هHا 
ا��!)ة ا������ اeو�0 &� . =���� ا�$���� أآ�T %�)��ا����وع �����+ وذ�F� �F� E)ن 

ا����وع ه�  �اءة =#ة  �� =+ f8�G ا��2	%	ت ا�:)*�� و��	ر>� هH[ ا���� �d 8$� ا=!	ء أوا�� 
���2ك ���)م /E8�2$ ا�;1	م �D ا���� ا��0�1 ا����وءة �+  <( ا��2	%	ت وا�$� ��	/( ا�7	[ �

و/	 � اe �	م �+ ا����وع ��;�� /#را%� . ��� ا���A ا���	ع ا����� اe=��1 و/	�$	��
  .ا�=$<	رات �Q$�	ر ا�<�ا�s وا��!' ا���$���� اH�-;$� D�<e ا����وع

  :'& �� ا�����ت ا������  ١-٣

آ�	 �� ا���ح %	/�ً	 &^ن ��	ز ا�$��D ا����� $�8�#م Q�8	 .)*�� �+ >)ع آ<�8$�# ا�F	د��)م �+ 
آ��) أوم و��$��( �+ ا�( اآ�	ل  ١٠و��	و�� �$���  ��$�	 ��	وي ا�ـ  .أ�( �2#8# ا��#ة ا�:)*��

f/	ا�� )F��	/ �2.(د . ا�#راة ا��	' ازد8�ج %)ف 8$4ا8# ��&� هH[ ا�!���8 �+ ا�$�آ�D �)�� ا�
  .ا���	ع ا�:)*� 

  .أن  ��� ا���	و�� ا��$��� D78 ان ��$	ر =�0 أ%	س �f��2 أو%' ��#ار �+  �� �)��ات ا���ج

��� ا�:)*�� ا�$� ��  �	%�	 �<�ً	 �;)ع ا�.	ءة وا�$� ه�  ��، ا��1وف ا���$�� : إن  ��� ��	و�� �
  : ا�.	ءة ا��	��G ��!	ة /	�7#ول ا�$	��، ا�.	ءة ا��$)%!� 

  >)ع ا�.	ءة  ا���	و�� ا���	%�
��� " ا�1�م   آ��) أوم ٥٠�و.'  �	ش أ%)د =�0 ا�

  "ا�:)*�� 
  "ا�.	ءة ا��	د�8 &� ا��n&� " !� �$)%  آ��) أوم ٤.٣٥
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�)��M ��<	ح .)*� =�0 " ا��	��G   أوم ٢٠٠
 ����  "ا�

  

  :آ��) اوم %)ف s$;8 �#8;	  �� �)��ات آ	�$	��  ١٠و&� 	ل اQ$�	ر ��	و�� �$��� 

Minimum = 5 V × (10 KΩ / (10 KΩ + 50 KΩ)) = 0.83 V 
Maximum = 5 V × (10 KΩ / (10 KΩ + 4.35 KΩ)) = 3.48 V 

وهH[ ا����� ��� U�T	��� و�F;�	 ��$<� آ	&�� و� >2$	ج . &)�U H�٢.٦٥ا &}ن �^ر�S  ��� ا���ج ه) 
  .إ�0  �� أآ<� &� هHا ا����وع 

  : ا� ���� ا� ����وي  ٢- ٣       

أن . /�	 أن ا����وع �8آ4 =�0 >1	م ا��F2$ ا��$F	�( &}ن ا���F2$ ا��	�F8وي ه) �+ أ%	س ا�;1	م
��� ا�:)*�� إ�0 ��� �+ �Qج ا�d	�$أن 28)ل ا�$)�� ا� D78 ا ا����وعHم &� ه#�ا���F2$ ا���$

ا���F2$ �+ ا�;)ع .  �� ر ��� وأن 8)&� أر/' ��	رج �+ أ�( ا��F2$ /#وران ا���2ك
PIC16F877  )�%ا�$)ا�# و ��Tآ M<&� إ�0 ا	.�	ت و/	�	ا�2 ]Hه �>�8 M<� ]ر	�$Qا �� # 

وأ8:ً	 $�8�E هHا ا���F2$ ا���4ات ا��d�T ا�$	��� وا�$� ��	=# =�f��2� 0 ا��#ف �+ ، ا�%$�#ام
  :ا����وع 

�� إ�0 ر �� ذو  - ١d	�� +� $�#د ا��;)ات�2)ل �١٠ U/.  

  .�#اQ( و��	رج ٥ - ٢

  ./	U8 ٨ x ٢٥٦ذات  EEPROMذاآ�ة �+ >)ع  - ٣

�/(�هH[ . 8$� و)i ��$4 آ�%$	�� �' ا���F2$ ا����Fوي �+ أ�( �)&�� ><:	ت ا�$U� ( ا��!
 �F2$��� ����-� l!� PIC16F877ا���=� ه� آ	&�� �+ أ�( هHا ا�$!<�f و8<+ ا��F( ا�$	�� �

.  
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��ي ٣-٣�  :دارة ا����دة وا� ��ك ا�

�	%	ت >1	م ا�������# �� اQ$�	ر  E8�2� )+ أ��ا��!<��  #�و �  # ذآ�>	 . ��2ك Q!)ي و
f� #ا� E8�2$ج إ�0 ا�	ت ا�$� �2$	��، %	/�ً	 &	ن اQ$�	ر ا���2ك ا��!)ي آ	ن /�<D د � &� ا���

ا���2ك . /	�.	&� إ�0 ذ�E &}ن دارت ا�U��� �F2$ ���#ة &� 	ل آ)ن ا���2ك و�# ا��!<��
در��  ٧.٥&)�U وQ!)ة /��#ار  ٥هHا ا����وع ه) =<	رة =+ ��2ك ذو دQ(  ا�Hي ا%$�#م &�

آ�	 أن ا���2آ	ت ا�;�q ا��!)f�2� �8 د � أآ�T &� . وه) ر/	=� ا�e)اط وأ	دي ا��!<��
E8�2$ا �8دي إ�0 . ا�Hة ٣.٧٥وه(!�  :و�$	/' ا���( ا���$�#م �)./ S	��F( ا�$	��. در�� /	�
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إن هHا ا�$���� و/�>	�s  �	دة ا���2ك ، ة  �	دة ا���2ك ا��!)يوا���!l ا�$	�� S.(8 دار
��ا>4%$)رات دار��;n$)ن �� اQ$�	ره	 �+ أ�( . ٨ا���ا&H�� fا ا�$���� ��$�# =�<�/ 0	�s �ب 

آ��) أوم إ��Q 0ج  ٣.٣آ( ��ا>4%$)ر �)i)ل �' ��	و�� . أن ��$�#م �' دارة  �	دة ا���2ك
هH[ �8!� ا�$$	/' ا��;	%D �+ أ�( .�	ر إ�0 و�	*' ا���2ك$�8�#م �+ ا�( وi( أو &�( ا�$

ا�#8)دات ا�$� ��( ا����7	ت إ�0 ا�$�8Hn ا��)�<� . �#و�8 ا���2ك �' أو =AF =�	رب ا��	=�
���Fرات ا��	+ ا�$����2 ا�$�ا>)%$)رات �.  
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&)�U  �٥ـ وا�Hي U>T8  ��� ا�$)�� =�0 ا 7805إن هHا ا���F2$ 28$	ج إ�0 �;�1 �)�� ذو ا�;)ع 
وS.(8 ا��F( ا�$	�� دراة ��$�#�� �+ أ�( �;��1 ا�$)�� وا�$� ��)م /$2)8( �)�� �;<' ذو  ��� 

  .&)��8Hn$� U ا���F2$ ٥&)�U إ�0  ���  ٩

  

  :ا-,#�ء -٤

ه� =<	رة =+ أ�4اء  ٣-٣إ�0 ا�-��ة  ١- ٣أ��Qاً &	ن ���' ا4�eاء ا�T	>)�8 ا��Hآ)رة &� ا�-��ة 
�� ���( ا�;1	م ا�F� )Fا�� M����F( ا�$	�� 8<�+ ا��F( ا�;�	*� �����وع /�;�	 8<+ ا��F( ا�Hي 8

  .ا�F	�( ���7' ا�$4��7ات ا���$�#�� &� ا����وع

��� ا�:)*���  :/�-� R	�i( ا�>�	ء ا�$� ��f2$ ا�Hآ� وا�$� �$�	�( �' ا���2ك وا�
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�#ام /�ا�X ��#>�� �+ أ�( ا $%	/ D�T� �F�$%�/ 0 �)ح�= Dا���2ك رآ U�>T� 0���2)ل =
+�$�.  

�0 �)ح �Q<� وا�Hي وi( /#ور[ إ�0 =�)د ا���2ك = 	�$�>T� �� ��*(:ا� 	8��  .ا�

 M�.دة إ�0 و(��و&� ا�;�	�8 �� ا.	&� آ<�� ا=	دة ا�).' �+ أ�( ا���	ح ����F2$ ا��	�F8وي �
��(�  .ا�<#ا*� /�# أن /#Q( &� و.��� ا���

  

  

  :ء ا���$�#�� &� ا����وع وS.(8 ا�7#ول ا�$	�� ���' ا4�eا
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  :ا��5,�34 و����� 2 1 ا�%0�م -٥

 +� �>%	;� +� �Tن أآ	وه� آ ��eا �n� 0�أن ��8�G =�( ا����وع ا��	/F�/ #�$�� f( أ%	%� =
�n	ت ا�<���7/ f��$دة ا����&� وا�	إ�0 . أ�( =�( ا����وع وز8 s�	<�>ا� )�= ����� +F�8و

  :أر/�� أ�4اء ر*���� وا�$� ه� 

   :ا�47ء اeول وا�Hي 8$�	�( �' ا�$�).'

 <( ��8Hn ا�;1	م &}ن ا���8	 ا�:)*�� D78 أن �F)ن �)��� 8#و8ً	 إ�0 >�!� ا�<#ا�8 وا�$� ه� >�!� 
Aف �$�2ك . %!)ع ا���(% ��و/�# أن M�(8 ا�;1	م إ�0 هH[ ا�;�!� &}ن �	%	ت >1	م ا���

S>�� 0$  ��� ا���	ع ا�:)*� أآ<��+ در�� آ�!)ة /	�T	>�� /	�7	[ =�	رب ا��	= ٣.٧٥ �
�U�(&. k ٤.٦٠ا����� ا����� =���	 ا�;1	م ��	/( �)�� ����� . ا����� ا����� =���	 ا�;1	م ��<�ً	

��� ا���Fو.)*�� &� 	ل آ	> U�n!	ة و�)��� /	�7	[ �اQ$��ت هH[ ا����� ��F �$)ا&f �' �)�� ا�
Aم ا. أ��� ا���	ا����� �:�+ أن >1 ]Hع ه	0�1 ����= ���  f�$$<' ا����� %)ف 8�

  .ا�����

  : ا�47ء ا�T	>� �+ ا�<�>	�s 8$�	�( �' ا����� ا�:)*��

s�	<�>ا� D� (ا ا�47ء هH#ور ذو ، وه��ا%!� (/ ��/�# أن 8$� ���� ا��).' ا�<#ا*� �;1	م ا���
ا��$	/' . و�$	/�� ا�:)ء S>�8 �	ه4اً =;#ه	 �M�-< )8#�$ /# � أآ�T" ا���A" �#ة ا.	ءة =	��� 

A��8 &� ا�<#ا�8 �#ة ا�:)ء &� ا��F	ن ا��)�)د &�M و/�#ه	 8$�2ك /�AF =�	رب ا��	=� /��#ار 
 ٣.٧٥/�#ه	 8$�2ك �' =�	رب ا��	=� /��#ار ، در�� �d �8)م /��	س  ��� ا���	ع =;#ه	 ٣.٧٥
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8$�2ك /	�7	[ ا�;�!� ذات  ���  و�8)م ا�<�>	�s /��	ر>� ا����$�+ و�+ �d. در�� وHQ^8  �اءة أ��Qة
	ل ��	وي ا����$�+ %)ف �8)د ا�;1	م إ�0 ا�;�!� . ا���	ع ا���A اeآ<� وq�8 =;#ه	 �&

 +� A��8 أن )>  f*	 أر/�� د �:� #�/ E+ �#8# وذ��س 	ا��� ���ا��	/�� ا�$� /#ء =;#ه	 و#��8 =�
  .ر�� وا#ة آ( أر/�� د 	*f �#8# وهH[ ا�4� +�Q^)ذ �+ ���� أن ا���A �$�2ك /��#ار د

q��:ء ا�(:�� A�2$' ا��( �	8$� s�	<�>ا� +� k�	Tا�47ء ا�:  

 Hا�� ����k اذا آ	>U آT	&� ا�:)ء أ ( �+ =$<� ا�:)ء ، آ)رة /	�47ء ا��	/fوه) �8	M/ ا���
ا�#>�	 %)ف �8$�� ا���f /	���	س &� ا��).' ا�Hي ه) &�M وا�$�2ك $0 �8( إ�0  �	س 

وهU�(& . ]H ٣.٧٥وهHا ا����� &� ا�<�>	�s ا%;#ت �$�	/( �)�� ��#ار[ . $<� ا�:)ء ا�#>�	�8	وي =
�� &� 8)م X	*� وه� ��*� أو.	ع �1� ��*(. ���Q )>  +� 	�%	�  �� �$ا����� ا� '� D%	;$� ا�����

��*	nم ا�	ع &� ا�8	ا��� .  

  :# >-�M &� >�	�8 ا��)ما���� ا��Qe �+ ا�<�>	�S�$8 s �;1	م ا��$	/�� �+ أن ��8

�+ أ�( ���&� ا��) ' أو 8$;	 � �<�ً	  أ# ا��$2)�ت/�# آ( �آ� �8)م /�	 ا���2ك 8$4ا#8  
U م &� أي و	ا�;1 Mإ�� )iي وHا� f� #وران . ا�#�	/ D��$١٨٠/�# أن �8)م ا��  f�2$در�� 8$� ا�

أ ( �+ �)�� ا��$<� ا�#>�	 وا�$� ه� اذا آ	>U  ��� آT	&� ا�:)ء ��	/(  ��� �)�� . �+ آT	&� ا�:)ء
واذا آ	>U�(& . U آ�	 ذآ�>	 %	/�ً	 %��)د ا��$��D إ� 0�F	M< ا�<#ا*� وQ#8( &� و.' ا�n-)ة ٣.٧٥

ا����� أ=�0 �+ ا��$<� ا�#>�	 %��$�� ا��$��D /	���	س $� ��( ا����� ا���	%� أ ( �+ ا��$<� 
� ا�n-)ة F�8+ ا=	د�M إ�0 و.�M ا�<#ا*� =+ f8�G و&� ا�) U ا�Hي M�& )Q#8 ا�;1	م 	�. ا�#>�	

  .ا�<�>	�s (وا��F( ا�$	�� 8).S ا��)ارز��� ا�$� ��T( =�. �-$	ح 8#وي
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  :  '�1�7 ا��& �� وا�%���3 -٦

����وع �� ������	� Dوا�$�آ� s�	<�>م وا ان ا�	ء �!)�8 ا�;1	;d( أ�M آF(إ�0 ��ا�= ��� .
�:)ء � A�2$رة =+ ا�	م ه� =<	� eا ]Hه U<	دة ا���2ك ، وآ	�  ، ��، /�>	�s ا���

�U ا�<�>	�s أ �� و28$	ج . وا�$��2;	ت ا�<����7�� M!��>و�  s�	<�>��8 =�( ا��G ����� إن
H�-;$+ أ ( =;# ا��وع. ز����	ا�<#ء / #;= M;� ب(��f ا��#ف ا��! s�	<�>ا ا�Hوه . U<	آ +Fو�

��Fا���  D��0 " . ا�$4��7ات " &� ا��$	د ا��= ]��d^م و�	�2ك ا�;1� #;= U<	و�0 آeا ��Fا���
��� ا�:)*�� وا���2ك وا��$)اءات ا�;	��7 =�0 هH[ اe%�ك أd;	ء ��� /�+ ا�i(ك ا��%eا

��� ا�:)*�� و�T<$	ن =�0 �2)ر ا���2ك. ا��2آ��	��	 8$�2ك . ه;	ك %�F	ن �)i�ن إ�0 ا�
� D��$�2ك ٤٥إ�0  ٣٠+ ا����وهHا . در�� ��<D هH[ اe%�ك =4�ً	 ��	آ�ً	 D>�8 ا>�4 ً	 �

�;1	م� �G	Q '.(�� ]ور#/ D>�8 . س	أ%�ك ا��2 U�>T� f8�G += ن	آ ��Fا��� ]H�� )2وا�
�-� �+ ا��2	س أd;	ء �آ� ا�;1	ما�:)*� �  .إ�0 ا�47ء ا�

�� ا�T	>�� �$�	�( �' ا��2	س ا�:)*�Fا��� . #  k� D�	��� �2$	ج إ�0 ��� اآ$�	ف أن ا�
��4 )F�/ 	����� =+ f8�G . .)*� �+ أ�( ��آ�4 ا���e ا��	 !� =Fا��� ]Hه )و # �� 

��� /�	%)رة %)داء �+ أ�( ا��2)ل =�0  ;	ة �)i( ا�:)ء إ�0 ��آ4ه	 و��;' �ا	�G ا�
  .ا���)ط =���	 �+ ���' ا��7	ه	تا�:)ء �+ 

���� ا�=>�ز :9 ا� ���15  -٧':  

M� ���و��Hا &}ن ا��#8# . ا��#ف �+ ا����وع آ	ن ا��2)ل =�0 ا�;$	*s ا��!�)/� &� ا�4�+ ا��
�0 ا�$���� اeو��= f�>!$��	 S.(8 أن هHا ا�;1	م ه) >1	م �8�7<� وهHا . �+ ا�$�#8�ت  	/( �

M���$!<�f &� هHا واF&e	را �$	��� . وF�8+ ا��اء ا��#8# �+ ا�$�#8�ت =� ��ه� /�R اF&e	ر ا��	/
  :ا��7	ل

١ -  0�= ��2�$�� U8و.' ز +F�8 ��*(:ا� 	8���� ا�$)اء اe%�ك وا����<!� /	�F��� ج�=
  .ا��2)ر أو ا%$�#ام �2)ر /�4م أآ<� أو ����� G)ل اe%�ك

٢ - A�2$ل ا�	7�دة 	م ز8	1;�أ=�f8�G +=  0 ا%$�#ام Q�8	 .)*�� ذات �	%�� وا�# � �
  .��	 S�$8 د � أآ�T &� ا��$	/�� �	رة�� دارات �:��� آ	%$�#ام �	%	ت .)*�� ذات

�+ أ�( ا �ل  F�8UCN5804+ ا%$�#ام ��-)&� ��ا>4%$)رات �+ >)ع دار��;n$)ن ذو ر �  - ٣
  .=#د ا��;	�i ا���$�#�� &� ا�;1	م

�� وز8	دة ا���دودf�>!� +F�8 هHا ا�;1	م =�0 �2)ر8+ �+ أ�( ز8	دة ا�# � &� ا - ٤���.  

  : ا-�%��?�ت -٨
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. هHا ا�<��8�G S.(8 k2 /;	ء >1	م ���� ���� �+ =+ f8�G ا%$�#ام >1	م /��	� s�	�F8وي
( /�� �7�;	D% �+ أ�( ز8	دة ��دود اe>��1 ا������ إ�0  ��� =0�1 =+  S.(8 	ً:8وه) أ

 M��(� f8�G+���1 و=eع ا����� ا	م إ�0 >�!� ا���	ا��)دة إ�0 ا�).' ا�<#ا*� /�#  ا�;1 �d
  .�X	ب ا���A �+ أ�( 8)م �#8#

References: 

Solar Tracker 
Bill Lane* 

Department of Electrical and Computer Engineering 

Cleveland State University 

Cleveland, Ohio 44115 

EEC 517 

April 30, 2008 

  :��4=� ا� A��3 ا� ����وي: ا� �7@

list p=16f877 
include "p16f877.inc" 
__CONFIG _CP_OFF & _CPD_OFF & _LVP_OFF & _WDT_OFF & 
_BODEN_OFF & _PWRTE_OFF & _XT_OSC 
;**Initial assignments** 
cblock 0x20 
Direction ;Motor direction register (left or right) 
Position0 ;Center reference position register 
Position1 ;Left reference position register 
Position2 ;Right reference position register 
Time1 ;Timer register for 1 msec delay function 
Time2 ;Timer register for 250 msec delay function 
Time3 ;Timer register for 1 sec delay function 
Time4 ;Timer register for 1 min delay function 
PositionCount ;Register to store net value of steps taken 
Temp ;Register for return to east decrement position loop 
endc 
Left equ d'2' ;Left direction = 2 
Right equ d'1' ;Right direction = 1 
Index1 equ b'0101' ;Step index position 1 
Index2 equ b'0001' ;Step index position 2 
Index3 equ b'1001' ;Step index position 3 
Index4 equ b'1000' ;Step index position 4 
Index5 equ b'1010' ;Step index position 5 
Index6 equ b'0010' ;Step index position 6 
Index7 equ b'0110' ;Step index position 7 
Index8 equ b'0100' ;Step index position 8 
Threshold1 equ b'10111101' ;Threshold level for minimum light detection 
Threshold2 equ b'11101011’ ;Threshold level for light search subroutine 
org 0x000 ;Reset vector 
nop 
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;**Initial setup** 
Initial 
banksel PORTC ;Select Bank 0 
 
clrf PORTC ;Clear PORTC 
movlw B'01000001' ;Configure ADCON0 
movwf ADCON0 ;ADCO0 = Fosc/8, Ch0, AD converter on 
banksel OPTION_REG ;Select Bank 1 
movlw B'10000110' ;Configure OPTION_REG 
movwf OPTION_REG ;TMR0 prescaler = 1:128 
clrf TRISC ;Set PORTC as all outputs 
movlw B'00000110' ;Configure ADCON1 
movwf ADCON1 
banksel PORTC ;Select Bank 0 
movlw Index1 ;Set initial step motor position at index position 
movwf PORTC 
clrf PositionCount ;Zero out position 
;**Search for brightest point (find sun) following initial startup** 
Search 
btfss INTCON,T0IF ;Checks if Timer0 interrupt flag is set 
goto Search ;Loops until set 
bcf INTCON,T0IF ;Clears Timer0 interrupt flag 
bsf ADCON0,GO ;Sets GO bit in ADCON0 to start ADC 
Wait2 
btfss PIR1,ADIF ;Checks if AD interrupt flag is set 
goto Wait2 ;Loops until conversion is complete 
bcf PIR1,ADIF ;Clears AD interrupt flag 
movlw Threshold2 ;Moves minimum brightness value to W for comparison 
subwf ADRESH,W 
btfsc STATUS,C ;See if value in ADRESH is greater than threshold value 
goto Main ;If ADRESH > min threshold, continue to main routine 
movlw Right ;If ADRESH < min value, move motor right 
movwf Direction 
call StepControl 
incf PositionCount,1 ;Increment position count for right movement 
call PositionCountCheck ;Check location to see if at end of day 
goto Search ;Keep looking for brightest point (sun) 
Delay 
;call Delay1s ;4 sec delay for class demo 
;call Delay1s 
;call Delay1s 
;call Delay1s 
call Delay1m ;4 minute delay for actual implementation 
call Delay1m 
call Delay1m 
call Delay1m 
;**Main move/measure/compare routine** 
Main 
call ADCStart ;Call ADC to get measurement at center position 
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movf ADRESH,W 
 
movwf Position0 ;Store center position measurement 
movlw Left ;Move motor left 1 step 
movwf Direction 
call StepControl 
decf PositionCount,1 ;Decrement position count for left movement 
call PositionCountCheck ;Check location to see if at end of day 
call ADCStart ;Call ADC subroutine to get measurement at left position 
movf ADRESH,W 
movwf Position1 ;Store left position measurement 
movlw Right ;Move motor right 2 steps 
movwf Direction 
call StepControl 
incf PositionCount,1 ;Increment position count for right movement 
call PositionCountCheck ;Check location to see if at end of day 
movlw Right 
movwf Direction 
call StepControl 
incf PositionCount,1 ;Increment position count for right movement 
call PositionCountCheck ;Check location to see if at end of day 
call ADCStart ;Call ADC to get measurement at right position 
movf ADRESH,W 
movwf Position2 ;Store right position measurement 
movf Position0,W ;Check if center and left positions are equal 
subwf Position1,W 
btfsc STATUS,Z 
goto ReturnToPosition0 ;If equal, return to center position 
movf Position0,W ;Check if center and right positions are equal 
subwf Position2,W 
btfsc STATUS,Z 
goto ReturnToPosition0 ;If equal, return to center position 
movf Position1,W ;Check if left and right positions are equal 
subwf Position2,W 
btfsc STATUS,Z 
goto ReturnToPosition0 ;If equal, return to center position 
movf Position1,W ;Check if center position is greater than left position 
subwf Position0,W 
btfsc STATUS,C 
goto NextCheck ;If center is greater than left, compare to right position 
goto NextMajorCheck ;If center is less than left, check left position vs. others 
NextCheck 
movf Position2,W ;Check if center position is greater than right position 
subwf Position0,W 
btfsc STATUS,C 
goto ReturnToPosition0 ;If center position is greatest, return to center position 
 
goto NextMajorCheck ;If center position is not greatest, check left vs. others 
ReturnToPosition0 
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movlw Left ;Moves motor one step left to center if center is greatest 
movwf Direction 
call StepControl 
decf PositionCount,1 ;Decrement position count for left movement 
call PositionCountCheck ;Check location to see if at end of day 
goto Delay 
NextMajorCheck 
movf Position0,W ;Check if left position is greater than center position 
subwf Position1,W 
btfsc STATUS,C 
goto NextCheck2 ;If left position is greatest, compare to right position 
goto NextMajorCheck2 ;If left is less than center, check right position vs. others 
NextCheck2 
movf Position2,W ;Check if left position is greater than right position 
subwf Position1,W 
btfsc STATUS,C 
goto ReturnToPosition1 ;If left position is greatest, return to left position 
goto NextMajorCheck2 ;If center in not greatest, check right position vs. others 
ReturnToPosition1 
movlw Left ;Moves motor two steps left to left if left is the greatest 
movwf Direction 
call StepControl 
decf PositionCount,1 ;Decrement position count for left movement 
call PositionCountCheck ;Check location to see if at end of day 
movlw Left 
movwf Direction 
call StepControl 
decf PositionCount,1 ;Decrement position count for left movement 
call PositionCountCheck ;Check location to see if at end of day 
goto Delay 
NextMajorCheck2 
movf Position0,W ;Check if right position is greater than center position 
subwf Position2,W 
btfsc STATUS,C 
goto NextCheck3 ;If right position is greatest, compare to left position 
goto ReturnToPosition0 ;If right is less than center, return to center position 
NextCheck3 
movf Position1,W ;Check if right position is greater than left position 
subwf Position2,W 
btfsc STATUS,C 
goto DoNothing ;If right position is greatest, remain in place 
goto Delay ;If not, start over 
 
DoNothing 
goto Delay 
;**Step motor control** 
ADCStart 
btfss INTCON,T0IF ;Checks if Timer0 interrupt flag is set 
goto ADCStart ;Loops until set 
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bcf INTCON,T0IF ;Clears Timer0 interrupt flag 
bsf ADCON0,GO ;Sets GO bit in ADCON0 to start ADC 
Wait 
btfss PIR1,ADIF ;Checks if AD interrupt flag is set 
goto Wait ;Loops until conversion is complete 
bcf PIR1,ADIF ;Clears AD interrupt flag 
movlw Threshold1 ;Moves min light intensity value to W for comparison 
subwf ADRESH,W 
btfsc STATUS,C ;See if value in ADRESH is greater than threshold value 
return ;If ADRESH > min threshold, continue w/ main routine 
goto ADCStart ;If ADRESH < min value, keep checking 
StepControl 
call Delay1s ;Delay between step movements 
movf Direction,W ;Find out direction to move 
movf PORTC,W ;Read PORTC 
sublw Index1 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl2 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl1 
movlw Index2 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl1 
movlw Index8 ;Next index position in the right direction 
goto MoveMotor 
StepControl2 
movf PORTC,W ;Read PORTC 
sublw Index8 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl4 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl3 
movlw Index1 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl3 
 
movlw Index7 
goto MoveMotor ;Next index position in the right direction 
StepControl4 
movf PORTC,W ;Read PORTC 
sublw Index7 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl6 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
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btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl5 
movlw Index8 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl5 
movlw Index6 ;Next index position in the right direction 
goto MoveMotor 
StepControl6 
movf PORTC,W ;Read PORTC 
sublw Index6 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl8 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl7 
movlw Index7 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl7 
movlw Index5 ;Next index position in the right direction 
goto MoveMotor 
StepControl8 
movf PORTC,W ;Read PORTC 
sublw Index5 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl10 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl9 
movlw Index6 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl9 
movlw Index4 ;Next index position in the right direction 
goto MoveMotor 
 
StepControl10 
movf PORTC,W ;Read PORTC 
sublw Index4 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl12 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl11 
movlw Index5 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl11 
movlw Index3 ;Next index position in the right direction 
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goto MoveMotor 
StepControl12 
movf PORTC,W ;Read PORTC 
sublw Index3 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl14 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl13 
movlw Index4 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl13 
movlw Index2 ;Next index position in the right direction 
goto MoveMotor 
StepControl14 
movf PORTC,W ;Read PORTC 
sublw Index2 ;Compare PORTC to index position 
btfss STATUS,Z ;If no match, check another against another position 
goto StepControl16 
movf Direction,W ;Find out direction to move 
sublw Right ;See if right is the direction called for 
btfsc STATUS,Z ;If right, proceed to next position in the right direction 
goto StepControl15 
movlw Index3 ;If not right, proceed to next position in the left direction 
goto MoveMotor 
StepControl15 
movlw Index1 ;Next index position in the right direction 
goto MoveMotor 
StepControl16 ;Otherwise return to index position 1 
movlw Index1 
 
MoveMotor 
movwf PORTC ;Move motor to desired index position 
return 
;**End of day checking/reset/sleep routine** 
PositionCountCheck 
movf PositionCount,W 
sublw d'48' 
btfsc STATUS,Z ;If equal to 48, go to end of day brightness check, 
otherwise, see if equal to 208 
goto EndOfDayBrightCheck 
movf PositionCount,W 
sublw d'208' 
btfsc STATUS,Z ;If equal to 208, go to end of day brightness check, 
otherwise, return to main routine 
goto EndOfDayBrightCheck 
return 
EndOfDayBrightCheck 
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btfss INTCON,T0IF ;Checks if Timer0 interrupt flag is set 
goto EndOfDayBrightCheck ;Loops until set 
bcf INTCON,T0IF ;Clears Timer0 interrupt flag 
bsf ADCON0,GO ;Sets GO bit in ADCON0 to start ADC 
Wait3 
btfss PIR1,ADIF ;Checks if AD interrupt flag is set 
goto Wait3 ;Loops until conversion is complete 
bcf PIR1,ADIF ;Clears AD interrupt flag 
movlw Threshold1 ;Moves minimum light intensity value to W for 
comparison w/ ADRESH 
subwf ADRESH,W 
btfsc STATUS,C ;See if value in ADRESH is greater than threshold value 
goto EndOfDayBrightCheck ;If ADRESH > minimum threshold, continue checking 
call ReturnToEast ;Otherwise, return to east and go to sleep 
sleep 
goto Initial 
ReturnToEast 
movlw d'48' ;Repeat 48 times to return motor to start (east) 
movwf Temp 
Loop 
movlw Left ;Move motor left 1 step 
movwf Direction 
call StepControl 
decfsz Temp,F 
goto Loop 
return 
;**Delay routines** 
Delay1ms 
movlw d'250' ;1 msec delay 
movwf Time1 
25 
Loop1 
nop 
decfsz Time1,F 
goto Loop1 
return 
Delay250ms ;250 msec delay 
movlw d'250' 
movwf Time2 
Loop2 
call Delay1ms 
decfsz Time2,F 
goto Loop2 
return 
Delay1s ;1 sec delay 
movlw d'4' 
movwf Time3 
Loop3 
call Delay250ms 
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decfsz Time3,F 
goto Loop3 
return 
Delay1m ;1 min delay 
movlw d'240' 
movwf Time4 
Loop4 
call Delay250ms 
decfsz Time4,F 
goto Loop4 
return 
end 


