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+���<	�)*��! 	���� �()*B! ��� �� �� 	�� $(" F�3 AA8�� -� 		� A���� "�.

$qN/ ��)� �-� "� ^��+�	� :*6	��� 1	 �� ��� ::
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 بررسي سيستم

) $qN/ ^��+�"� �� $@ )�,J���&2�< �  �� \fB� )���(B	� :*6	� 2��� ����& $� )��7 �F�*(@ a"

  ����� :*6	� a")Supervisor (���� ��.	� $@ $�,P���& ��� �@t �*B )��7 �F�*(@ a" �3��D )���

 �*6"�� A	��,< ��P"�� 1	� � )��7 )�& �	u*�)Rule Base(�9���p� R��� �� �� )�& ���(B	� �����(���@ 

�,�� �3��D A7.�� �Q("� �� 1	� ���� �"�C� �	�� ��(� �� �,B@ ���� )�& ��*	��@ �� �(0 �(� ��	��Q� ��

:"� $*7�+.�./�  "1� )�	+���< O	���  �6� �D�� �	� $�,+ {	& ���� $@  �� A"� ��� ���(B	� �F�*(@

 �P"� ����-� �" � �(@ �� 2�
 $D,q� �� �&�	(*��@ �C����:*6	� A" O	��� �� �&�(	*��@ ���� S��@ 

 �� 2%*6�.

$���� ��:"����� �� )��7 �F�*(@ :*6	� �.*f� )�1C� ����� $�:

و سيستم سرپرستورودي هاي كنترلر

�*6"�� )��7 �F�*(@ )�& )����� �:*6	� $� ��� '��
� �� �	� ����+ 2"��� )��7 ��,/ $� )�����-� �"

Fuzzify ,���(..A"����+ �� :	6%� ���
 ���+ �� $� �& )���� :)�& )���� � �*B@ )�& )����

)�(	*��@ .�& �� �*B@ �F��-�  	-x� �P��B� �*B@ )�& )���� �(��� �� �9 )�	+��� 2g	� 23��� �� a"

�(��� �� ���,� )�	+��� �(	*��@ �& )�& \��� �P��B� �(	*��@ )�& )���� �.2g� �� $@ )�,J���&

�� �� ��� ^�P(�� '�3 �� $*�,	� �,D $� �*B@ )�& )���� �  �� \fB� $� �(	*��@ )�& )���� � �(�

�(@ �� �		u� �(	*��@ �& )���.

FLC’s Inputs= {Vessel’s Inputs, Container’s Inputs} 

�	u*� $� 2��� �*B@ )�& )���� ����� )Linguistic Variable (���� '��-� 

)Cross Equilibrium (�%7� '��-� �)Horizontal Equilibrium ()�,�
 '��-� �

)Vertical Equilibrium (�,� ��:
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Vessel’s inputs ={CE, HE, VE} 

��� )���� �� ��,� �� �� �*B@ )�,�
 '��-� $g("� $� $C,� �� �&�� �Q("� �� �� ���@ ^���� �(	*��@ 

:"� ���@ �p� y�/ �*B@ )�& )���� �� �g" ��,(-� �9 )�	+��g�.$���� �� � $C,� ��$�� a" �&  	&�� A"�

� �& �	u*������ )�& ^�� n��9 '��-� ���+ �� �"�-� �"� b�� $� �:

CE= {Extreme Yard Side, Quite Yard Side, Almost Yard Side, Center, Almost 

Sea Side, Quite Sea Side, Extreme Sea Side} 

 

HE= {Extreme Bow Side, Quite Bow Side, Almost Bow Side, Center, Almost 

Stern Side, Quite Stern Side, Extreme Stern Side} 2

)�& )����)�(	*��@2��� � )��7 �	u*� ��$��	u*� Crisp ���+ �� :

Fuzzy Container’s Inputs= {Destination, Weight} 

Crisp Container’s Inputs= {Status, Gage, Hazardous} 

 

�	u*� )�& ����� ���(*� )���� )��7 )�& ��(	*��@ �;%� )Destination (����)Weight(�(	*��@ 

���� �� �& .�� �"�-� �"� b�� $� ���9 '��-� ����� )�& ^�� � �& �	u*� A"� �� a" �&  	&�� $� $C,� ��

���+:

Destination= {Furthest, Further, Far, Near, Nearer, Nearest} 

Weight= {Extreme Massive, Quite Massive ,Mild ,Quite Gentle,  Extreme Gentle} 

 

)�(	*��@ )�& )���� �,7 )��7 )�&�	u*� �� ��S
 2��� $��(F,� �	u*� )Boolean ( 	-x�)Status (�

1	�9 ��D�f�))Hazardous (���,� ������*�� )Gage(1	����+ �� .

1)� $	��3 )�& ^�� )��� ����� )�&�	u*� ^��� ����� )�& ^�� 2g� )Margin Terms(��,/ $� �& ^�� �"�� )��� � )� $%���t ��,/ $�
�� $@ �(0 �&  �� ��� $*7�+ �p� �� ��.����@ ���N*�� 1	� ��,+ )�& ^�� ��,� .

2',��7 ) $#��� �� $F�%� A"� ������ �� )�&  ",T
 L��� )MBF (�	+��7 L��� 1	� � ����� )�& ^��)Universal ( �C $� ����� �	u*� �&
)����,� �+���  "�
� �� ��� .



 انجمن مهندسي دريايي ايران
 مجموعه مقالات هشتمين همايش صنايع دريايي

Status={Full, Empty} 

Hazardous={Yes, No} 

Gage={Yes, No} 

�3�� )�& )����Supervisor 1	� )1	�9 ��D�f� �	u*� �� 2��� )Hazardous (��,� ������*�� �

)Gage (�F�sf" )�&�	u*� ��S-�)Refrigerator (������ �)Size(���+ �� :

Refrigerator= {Yes, No} 

Size= {20’, 40’} 

 ��,� ��@ �)��7 �F�*(@ )�& )���� �� �,7 )���� �� a	gN�  .
)������ ��,� �� (�P*6�����) $B%� $

�*B@)���� �� �F�sf" ��� ��,� ��(.���� �� .

رخروجي هاي كنترل

)��
 ��,/ $� �*6"�� � �(��� ���N*�� 2��< $g("� )��� )��7 �F�*(@ )�& �C���)Crisp (�("9��.�("��7 $� 

�"��%� 2"���)���
�(�"��%� $� )��7 Crisp �Defuzzification �,� �� $*N+ .@ )�,J���& $��^��+�"� 

� �� ��&�B� 2��< )���(B	� :*6	� �("��7 ^�Q�� ��Defuzzification  ����� :*6	� �� 

)Supervisor ( �� ��� $*7�+ a�@.:*6	� �3��� ��  �� ����� �*B@ ���� �(	*��@ �& I	<�  	-<,� 

)�(	*��@.� �P"� ����-� �(	*��@ �& )��� $� :*6	� C�Bay �Row �Tier �� �9 �*B@ ���� VA	-� 

�"��� ��.���+ �� �"�-� )��7 '�*(@ )��� �"� b�� $� �C��� �	u*� $� A"����(� :

FLC’s Outputs= {Length, Width, Height} 

$@  �� _x�� �(-"  6f� �C��� �� )���� �*B@ )�& )����Length �Width )���� � $*��� �	5�� 

�9 �C��� )���� )�	(*��@ )�& �(-" �Height ���E+ �� �	5�� .$.3�� �� 1	�  ����� �3�� �C��� 

Defuzzification ��	+ �� ���< ���N*�� ��,� .

���+ �� �"�-� �"� ��,/ $� ����� )�& ^�� ��,7 )�&�	u*� a" �& )���:
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Length= {Extreme Rear, Quite Rear, Almost Rear ,Center, Almost Front, Quite 

Front, Extreme Front} 

Width = {Extreme Right, Quite Right, Almost Right ,Center, Almost Left, Quite 

Left, Extreme Left} 

 

Height= {So Under Deck, Quite Under Deck, Almost Under Deck, Almost Over 

Deck, 

Quite Over Deck, So Over Deck} 

 

 پايگاه قوانين

S�< $@ )�,J���& A	��,< ��P"�� ��� $*N+ )Rule Base (R����� �� ��� $	�� ����(���@ ��	��Q�.��

��,/ $� A	��,< ��,/ �.�< �f� �� ��� �@t ���,� $� $C,�MIMO )Multiple Input Multiple 

Output (���� ��.OF�< �"� �� )Notation ( �� ��� �@t �,��< a" Y��:

HeightWidthLenStGageHzWeightDestEHE ∧∧⇒∧∧∧∧∧∧ .......C.
Status sContainer'Status sVessel'

444444 3444444 2143421

A	��,< ���-� ��	6� ���9  ���  �� ��� ����� ���9 �� )���-� $� $���� �� ��,� ��"� :

• ...
Status sContainer'Status sVessel'

DUQCenterCenterFullNoNoMildFarCenterCenter ∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• .....
Status sContainer'Status sVessel'

DUSCenterCenterFullNoNoMENearestCenterCenter ∧∧⇒∧∧∧∧∧∧ 444444 3444444 2144 344 21

• .....
Status sContainer'Status sVessel'

DUSCenterCenterFullNoYesGQNearCenterCenter ∧∧⇒∧∧∧∧∧∧
44444 344444 2144 344 21

• DUQLQRAFullNoNoMildNearSBASYQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DUALQRAFullNoNoMildFarSBASYQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21
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• DUQRQRAFullNoNoMildNearSBASSQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DUARQRAFullNoNoMildFarSBASSQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DUQLQFEFullNoNoMildNearSSESYQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DUALQFEFullNoNoMildFarSSESYQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DUQRAFEFullNoNoMildNearSSESSQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DUARAFEFullNoNoMildFarSSESSQ ............
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DUQCenterRAFullNoNoMQNearSBACenter ...........
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧
44444 344444 2144 344 21

• DUACenterRAFullNoNoMANearSBACenter ...........
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DOACenterRAFullNoNoMildNearSBACenter ..........
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• DOSCenterRAFullYesNoMildNearSBECenter ..........
Status sContainer'Status sVessel'

∧∧⇒∧∧∧∧∧∧ 44444 344444 2144 344 21

• ...............
Status sContainer'Status sVessel'

DOSLEFQEmptyNoNoGENearSSQSYE ∧∧⇒∧∧∧∧∧∧
44444 344444 2144 344 21

• ...........
Status sContainer'Status sVessel'

DOSLACenterEmptyNoNoGEFartherCenterSYA ∧∧⇒∧∧∧∧∧∧
444444 3444444 2144 344 21

• ..............
Status sContainer'Status sVessel'

DOSRAREFullYesYesGEFarthestSBESAS ∧∧⇒∧∧∧∧∧∧ 444444 3444444 2144 344 21

• ...........
Status sContainer'Status sVessel'

DOQLACenterEmptyNoNoGEFarthestCenterSYA ∧∧⇒∧∧∧∧∧∧
444444 3444444 2144 344 21

• ...............
Status sContainer'Status sVessel'

DUARERQFullNoYesGANearerSBQSSE ∧∧⇒∧∧∧∧∧∧ 444444 3444444 2144 344 21
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 موتور استنتاج

[�� �� �� �Q("� ��Mamdani and Assilian :"� ���@ ���N*�� . �� 2"t ) $.3�� $� 2��� [�� A"� :

•��� '�-7 _J� ����9  ���)Firing Level (A	��,< �� a" �&.

• ��� ����9A	��,< �� a" �& �C��� .

•@ L�C ���)Aggregate (�"��� �C��� $���q� )��� A	��,< a" �& )�& �C���.

 Deffuzificationروش

���� �� �(	*��@ )�	+���< ) ����q� ) ��(&���B� $@ ��,� )��7 ��,/ $� Y�*(*�� �,�,� �C���.�Q("� �� 

)��� �� )�	+���<  	-<,� I	<� A		-� �&�*B@ )�� �(	*��@ )�(-"Bay �Row �Tier (�3�� ��

Defuzzifer :"� ���@ ���N*��  ����� �3�� ����& $�.$@  �� A"�  ����� �3�� �� ���N*�� 2	F� 

�*B@  	-x� �� I	<� �,D $� )��7�F�*(@)a" ��,� �F�� �" �� S��Slot  	-x� �" � v�� Plug )�& 

�*B@(����� �&�+9 . ����� �3�� $Q	*� �� �,� )�& )���� $@ Y�*(*�� �,�,� ��*B@ ) ����  	-x� �� ��

�"��� �� A	-� �� �*B@ )�� �(	*��@ �"���  	-<,� ���	+ �� �,����� �*3 �.)��� �Q("� �� 

Deffuzification [�� �� Center of Area/Gravity  �� ��� ���N*�� :

 پياده سازي

��17� ^�� �� �,(@� :& )���(B	� :*6	�MATLAB ��� �� ���< )��� $	�� ��,� �-<�� � �
,(;� )�& �

 �� $*7�+ .A"� �,%F�� � ���-F� �,7 )�& �"���,� �� ��B� �-<�� )�& ���� ��,� �� �}",� ���9  ��� �"�*�

���� :*6	� .)��� $@ �(0�&Fine Tune �+��*6+ 1	� � $.U6� ���t �+�	s	� $� $C,� �� :*6	� ���@ 

� ��	� )�*B	� ���� $� �9 �.��3S/� :*6	� )��� �F��*3� ���,� �� �&�	u*� �"�-� �P�,P0 �� )� ��*6+

∫
∫=
W

W

dzzC

dzzzC
z

)(

)(
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)�& �,	� � A	��,< ��P"�� � )��7 )�& ^�� �Fuzzification �Defuzzification 1	� � Y�*(*�� �,�,� �

��	+ �� �� ��  ����� �3��.

�� ����� �� ��*6	� A	(0 b�D $@  ��� $C,� $*g� A"� $� �"��� ��,� $%��� �� �	 )����� ����  �� ���< 

�-<�� �� :*6	� �� �9 ��17� ^�� $� ^,�,� �"�C� �	�� ��(� )�(	*��@ '�(	��� ���	.�
TCTS 

)Tidewater Container Terminal System (�'�(	��� ��	.�
 '�*(@ ����"� L��C ��17� ^�� ��(� 

)�(	*��@)T.O.S (	����� �����"��  @�� �� �,����� ��,� ��,(-� $�� '��^�Q�� �"�C� �	�� ��(���"E� .

 نتيجه گيري

�� �	�� ����� )�(	*��@ '�(	��� �� ������ � '���*� 2#�6� �� �g" �)�(	*��@ )�& �*B@ �(	0��� �P�,P0

���� .("1& �&�@ 1	� � )�(	*��@ '�(	��� �"���@ �,��� �� ������7 �	5�� $.U6� A"� ) $(	�� 23 �9 )�& $

 ��� �&�,�.��,� $*6���  �C $� $.U6� A"��9��-*� 2��,
 $� ����+ �� �%.� )��,�� ) $.U6� .A"� ��

$F�%��� :"��@ [S� �� )��7 ��*6	� $.U6� 23  �C ��  ����� �� MBP :	&� ���(B	� .:*6	�

���*�� $� $C,� �� )���(B	� �	�� ��(� �� �&�(	*��@ )��� ��	�t )} �"�C� )[��Pre-Marshaling (��,�

 �� $*7�+ ���< �3��D .AJ� �� $@  ����� :*6	� a" � )��7 '�*(@ a" �� :*6	� :"�"� $@ )�,J���&

 �� ��� 2	gB� $*7�+ ���< �F�*(@.$@ �(0�& ���� ���< �,� ��� )��*�� �� �,(& :*6	� A"�  ��� �"�*� �F� 

���9��$	F�� )�& )��� $	�� A"� �:*6	� ) $*6C�� )�& )���� � �&  	.��< $(	�� �� �� �9)�& ���	.�
 

 �� ���@  ��5.

:*6	� A"� ���@ $(	�� �,p(� $�)��7 ^�1.*�� )�& [�� �"�� )�	+��g��� ��S
 ��,� �� 

)Fuzzy Implication (��@ �3��D )�,D �� :*6	�$@*B@ ) $	F�� �(	0��� ^�1F ��,/ �� 1	� �� �

��"� �&� ���< [����� ��,� $	F�� W"��� �		u� ^1.*6� � �*B@ )�� �&�(	*��@ ��	0 )��� $(	��  �� Ag��

���� 1	� $.U6� .� Ag�� �	� �� o,� A.� a" $� ���	*�� $@ ���� )�,D �*B@ )���� A.� �+� �P"� ����-�

� $	F�� ���		u� :*6	� ��*��  �� �*�� ����� $("1& �� �" �)$("1& ���9�� �� (�"��� '��
� )���� A.� )�� .
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���N*�� �*3 � �x�"� )�& [�� �� :*6	� A	(0 I	N.���)��7 :*6	� ��(@ �� ��;
 )�& $g�� 

)Neuro Fuzzy (A	��,< ��P"�� ��@�,� bS/�  �C)Rule Base (����	+ ���< $C,� ��,� ���,�.
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