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Simulation of batch fluidized bed drier using time series neural network

A.Mirsepahi   M.T.Hamed Mosavian        M.Mohamad Zaheri

Abstract In this paper a method of using neural network in order to model nonlinear systems whose 
input and output data are measurable by time series is being considered. Feed back neural network 
technique is applied in order to consider the specifications and dynamic behavior of the system in the 
modeling process. This method is applied to model a batch fluidized bed drier. In present report it is 
shown that unlike the classic techniques, this method is able to predict the system behavior in all the 
stages of the process, such as; high humidity increase, high and low humidity decrease. In addition, the 
proposed technique has considerable accuracy and is free from using physical specifications in 
calculations and also using a very fast computation technique. The model is tested by applying a totally 
different set of data from those which used for training the network; it is observed that the modeling 
results for this nonlinear dynamic process is totally authentic. 

Key Words Modeling, Artificial neural network, Time series, Batch fluidized bed drier. 
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 � ��  ��� �'$� "& �hD  ��3&  3��. � �    �bhD  � 

  7$8              I+� � I�b� |�bj +� gbA � ��b� �'$b� ���

   �@*(�� ��#>�)  �!�!? �% G��iw (     ��b� ��3 �� �(

   9b� �c< �(�b> +� �b�3 75�?�)(Activation function

    ��0 �� �*$% �3��. ��Q .     Q*b�c� &��� �b�Q &��( "

     ��� �)<�6 �h� � �)� �c< �(�> *b� .      9b� �c< �(�b> �b6�

 �� �3��. ��QF����( 9�� ����*. ��[27]  :

)�� ())1k(yw)k(uw(F)k(y 21 −+=

  � �'$bb� +� ��bb�2 9bb� �bb( �bb3��. JK)bb.�

�bbc8�� �bb3��.�9bb�� �'$bb� &�bb-.  .�bb���(&+�bb�

(Optimization) I+� �� a� ��*6 �(   �'$b� &�b-. �0

 ���b� �� F+*�2 ����( 78��? �((Training)   �'$b�

��������*�[27] .

"bb�� � ��
bb)�� gbbA F�� +� ���bb� L��ybbA 

��ObbA J�bb-c�� &�bb-.Resilient back propagation

  9�� �)<�6 4�*5 .       �Kb5� F�� "b�� �  �b� I+�   �b( 

           �Kb5� N��bj Gb� � �-. I����6 9�K% +� ��S)��

���*�) η(  4�*5 ����6  ���!),b� �b-. I����6 �  "

��� 9 �. ���� ���0.

) �`()
W
E(signW

ij
ij ∂

∂
×η=∆

&+�,bb �� ��bbc( � �bbE�3 +� � ��bb�k�A &�bb�

     "��bb)�( +� ���bb� F�� "bb�� �*bb3*� &+�,bb ��

 �� F��          |�*b3 �b)�( �� ��M� I����6 ��h� �_� &

���� .

          "�b�c> �4�b%K@� &+�� ���2 7?��� �@ +� gA

   �'$� �����0 ��'$� F+*�2 � ��).��  +� ��S)b�� �( ���(

��� �)���� 9 �. F+*�2 � �0 ���� ��(Checking 

)data���� *� �� .      i9b8 I�b�2 9b� �b( 4�*5 �

  ��( �'$� �N����&   �=> � ��S)�� �  A � "� ( L���  7(�8 

%�)9�� ��.

,�#3�� 6: 4�2 05�6� 7�6 :�$6�&� %& '() 

 !��� �"#$����� �� 

      &�� �� �L��yA "�� �      ��b� 9b$� �(��>»  &�*b)D�

9(*@�1 I��+  «         H���b� �b�/ ���� �),( "0 G
. G�

 �bbb�8 ��bbb�lm   "bbb0 G
bbb. ��bbb=( &�bbb��� �bbb( 

Co�`f�Co��f��bb=( 9%�bb� ��`/f �bb���� �bb( �bb)� 

  9�� ��� ��S)��.  �� �(           +� H��b0 �b� �b( �*b(�� &��

       �'$� G� �"0 G
. ��=( &����    9b�� ��� F+*�2

&��6 ��*�� I��+(Sampling time)` 9b�� �����  � �

���bb�&   "bb0 G
bb. ��bb=( Co��f �Co�`f �bb(

>�>�N�ff   � �ff         �b)<� ��b0 �( ���� &��( �� ���A

9��          "b0 G
. �'E�% ���D� �� �� �( �*(�� �0

������(.

 G
. �'E�% �� "0 ��)$,b�       � � 9b�� ��b�k�A 

             ���b=( |Ob3 ��b��A �b�� � I�0 G
. i7�% &��)(�

  �� L��M<� 9(*@�     �$��!> 4�*5 �( gs� � �(�� " �-.

             �9b(*@� &�*b)D� L��b0 �b( 9���� � � �)<�� L��0

       �b�0 �b� ���l> &��'�2 �*@ �( �� I2 N�� .  �b��)� �

    ^E0 �*@ �(         ��),b� �b3�*� �b-. �b�/ ��),�� �( . b( �

        &�b� �� +� ��S)b�� ��),b�� ��b)<� �6��k�A �( �3*>

Archive of SID

www.SID.ir



�XH������/ ���� �),( "0 G
. a+�� ��$�    ... 

  hD  � 78��?         G
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"0                �b�� �b� �bh� �b( H+Q �b'E�% ���bD� 7b0 �  . �

  ����)�  �$>��`           9b�� ��b� �)<�6 �h� � �$#% �'$� &��( 

     ��( 9�3 "��� �(  �& �� &        "b0 G
b. ��b=( Co��f �

Co�`f       �( �� �� H�. &�� �� �e�   � `e�    ���b> �� d��

 �-(�� ��h� ��� � �*)����� 7��$> ��� .

&+�,bb �� &��bb( FKbb> "�bb �� � �bbk�2 JKbb. �bb(

 "0 G
.         9b�� �b)<�6 4�*b5 �$#% �'$� �( ��[26]  � �

Ay ��j�? L���� �'$� +� &$#% �  ��b� ��S)�� �*=,A �( 

9��.         &+�, �� B*� "�� � �*=,A I��( &�� �'$� �(��0

���0�� H+Q   ������.         � 9b(*@� &�*)D� �0 9�� I2 9E% 

         9�� �),(�� 7$8 �hD  � 9(*@� &�*)D� �( �hD  �� . "��

9�� �),�� I*( �'����� +� &�_� I��(.

  +�2     �),b�� "b�� �0 ��� / � b-.��     �b�m &��� � 

    S)� ��)<� �( �'E�% ���D�     ���m �'$� G� �9�� 4��

          ���b�� �b�Q � � �b3��. � &��� &�b� �b�Q �( ��Q

        9b�� ��� �)<�6 �h� � I2 &+�, �� &��([11] .  &��b(

  ����b�� ��Q � �b� &��� �b'�0 &(Bias)   �b% �b(��(

  9(���      9b�� ��b� C�bD   .    �� ��b� I*bm    +� �b�/ &�

 ��bbc> �*bb� �bb�� ��� ���bb� � 9bb(*@� &�*bb)D�

I��*��      9�� �),�� �$>�� �(��( &��� ��Q &�)  �$>��

���),   �(��(    �( 9��   �*)D� �0 �>�hD  ��c>&   9b(*@� 

   �*)D� "��=> � ���2&        �b� ��S)b�� �c( �hD  9(*@� 

*�( .   ��Q ���&�����     �� ��Q ��c> �1m2 +   �h� � 

  �0 ��� �)<�6m   ��c> &��� �� 9�[27].   �(�b>pz−

  �c� �( ��� � � �b�p ���  b�  .�b> ��  9b�� � .    �b$>�� I*bm

��  �),`   ���+ �E5�< � �)    �bhD  �� �*@ (   �b�` ���  b� �

9�� . b3��.� �=> � b��   � `�� ���  b�      I�*b�% �b( 7b$8 �

���& ��( &  b�=> �  b3��. "�    ��b3 �bhD  &   ��S)b�� 

����*�.  � �����         7'� � �)<� ��0 �( �'$� +)`(  I�
� 

9�� ��� ��:

7'�`G�>���$�&+�, �� � ��S)�� �*� �$#% �'

   9b� �c< �(�b> �b-. ���� I�0 ��D� �*h�� �(

Activation function)(I��*bb� �bb�Q &�bb��bb�������  �

       9b�� ��b� �)<�6 �h� � &* * O� 9��y��>[27] .  �b�c�

� � I��*� �� &��(��Q "�:

) ��(∑= )inputstanh(output

          �h� � ����� �(�> 9� �c< �(�> �� ��Q ���� &��(

9�� ��� �)<�6.

          �� ���b$'� ���b� +� �'$b� "�� F+*�2 � �b�

(Batch training)9�� ��� ��S)��  . �0 4�*5 "�� �(

 �� 70   �� �'$� �( ���  �S)b�� �*� &�-. � ���  � �

            �b�� &��b( ��b�2 9� �( &�-. B*��� �(��( F+*�2

��9��� .  �'$� �*� ����  Kb�u I2 T��)� �0 � "���  �b:

��    ���� 4��E�% ��6�ff       9b�� ��b� ���b'> ��b( .

         ��ObA J�b-c�� &�-. ��
)�� gA ��S)�� �*� �)��*_ �

     �� �� ���!� �0 9��η      I2 � f�/f ��  �0 ��( �� ����(

  �� L��0 �-.�(��η    �% � �/�      ��( �� � ��� |�j 

 �M<� �-.� �� L  �(��η    �% � e�/f  �� |�5    � *b�

    �� �K5� N�>�> "�� �( *b� .     ̂ b� I�
b� �@�b.  +�b�

     pbb%�( � �)bb�� �bbS�� ����bb> �bb? +� L�bb( ���bb�

��     => � �'$b� *b�  �� "�b�  �� +� �b�/ ���b�  &�b�

����(Training data) *� ��'�� ��m .
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)�� �� +����%�� :

�(����& ��+2 �    L{K��0  �� �( ���� b� �( �0  �'$ b� �� �

 ��),� ��3 . )� ��           9b8 I�b�2 9b� �b( 4�*5 � ��

�)� �N�����+ ��? �> T��&9�� ��)%� 7(�8  .

` ( � ��      ��� ��m ���> +� gA ��'$� "�    H�b�> �&��� �b�

   75� � �� ^3��.&        �b���*. �'$b� 7b$8 4�hD  

*( . �-. �6�&   �3*b> 7(�8 �        ��b? �bhD  �b� � 

 3��. *�� / � 8 ��   �( �       4�bhD  � ��b�2 9b�

   ��� I�*�% �( �c(&     � ��b� ��� �'$b� �b( ���b(� 

��>� � ��     �b( �-. " ̂ b3��. �b�&  �bc( &     7b!)�� �b� 

��*� .  �    �b� �'$� � �8��&      �*=,bA �b(  �A  b� ��

»  �b-. 9��$��« *b3��� .       9b8 4�*b5 � �b��>

,(� Q�( ��& �'$� ��  � +� I�*>�  �b��-. ��&   ��Mb( 

 �0 |��)3� . N���� 98  )? �'$� �     ���b5 +� gA 
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  9�� I2 M��2 .   �� �6� 9�� �=
�     � �b_� &�b�

      �� "�� �*( *3*� �'$� �3��. ���0    I�*�% �(  ��
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bb�( 9bb8 pbb%�( �bb�����
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     *� ��S)�� �'$� &��� G� I�*�%�   ���2 &+�, �� 

�� �h� �( �> ��� �$#% �'$� �(��� .

7'���&)�������()�� �b� b�=>�  " �'$b� �b�&
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    � ��)<� �( I2 ��)<��  Eb5� �),�        7b?��� �b�� � 9b�� 

  8�( Gm*0 �'E�%� � � ����  . )� ��     b?��@ ��b� �b��
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