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Abstract  
There are complex and nonlinear causal relationships among the different quality and quantity parameters of 
wastewater and return activated sludge, which is one of the most important parameters in the operation of 
activated sludge wastewater treatment plants. On the other hand, Artificial Neural Networks (ANNs) have 
advantages such as the ability to identify and extract complex and nonlinear causal relations using simple 
mathematical formulas, high generalizing power , and high speed that make them capable of being used as a 
powerful software in the operation of wastewater treatment plants. In this study, the application of artificial 
neural networks (ANNs) for determining the amount of return activated sludge in Torbat Heydarieh wastewater 
treatment plant is investigated based on one-year inlet flow data. The different parameters involved in this 
process such as inlet flow and temperature, inlet and outlet total suspended solids, inlet and outlet BOD5 and 
COD, MLSS, and the amount of return activated sludge were collected and applied to MLP and RBF artificial 
neural networks (ANNs). Results showed that MLP is capable of estimating the return activated sludge required 
in conventional biological wastewater treatment systems such as extended aeration and that its estimation 
accuracy is above 93%. 
 
Keywords: Wastewater Treatment, Artificial Neural Network, Return Activated Sludge.
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�+/+ � 2�Y3^/ -���	 ��8 ����'PLC  ��
 ��V�5��!,# �2�!
P� +/�	 �
 � E��S~~ �
 �+�
 �� �7e +Y �+/+ @/���Y D��F &��'

 $,��!# ���/�< .�<�% �/�U �+����/ +��! �Y��?! �7?Y �47� �+
]����VC/ N�/ &/�
 �'���r	 J!�� �0 ��e�	 &�'��!/��� �47�� �+ �/>%

��" +/�	 J�7U ,/ �7?Y �47�� �+ ���:! &��'MLP @���� +/��	
��" ����r	 ���+ � $,�!# J)/�! +/�	 �&��%+�� ��� �@�=�� &�'
@,� �+ ���
 � +���, 2����<+ �+ ����/ ����)�! ��' �+ ��' E���(��/ �
��	

 ����/���	 � ����V��������!,# ���
 � ��� D���9�/�+/+ ���
 �47��� X&���'
@��� +/�	 ���=
 �J��) j���� �'�5! � �
��,�/ � ��:! ��" �+ �'

@��� &�'��!/��� �
 ��:! ��" &�' �
 �HF � ��� ����� �!# ���+
 @/A��! X'��0 m�' ��
 E�! �
���,�/ �$,��!# ���/�< ���
 �' �

�HF �
�! N�V���!bN��
 2����	 ��0 ����. ��	 ���� N�/ .� �/�4	
�+/+ �+/+) ����U/� &��' �+/+ � (�
��,�/ &��' X�� &�' ��
 �� ���
 

4 Programmable Logic Controller 
5 Mean Square Error (MSE) 
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���

LM/ h�=9	�2/A �/A
/ U+�_g?� �� �+)/� 
�B�C��4�

��H
/� .��<�� ��!/+/ ���
 JU/)L@/A��! �7���*! ���*�MSE  /�
�! @�5� '+ 

)L(∑
=

=
n

1i

2
i

n
eMSE 

�+ �0�H
/� N�/ 
nX�� +/�	 ���
 � �' eiX�� &�HF ���
 i 2����	 ,/ ��0 ����/ D/

X�� ��+�(! �
 ��U/� � �� ���
 �! ��+ .�# 
@/A�! N����0 h��/ �
 �R7� N���=
 6�:��/MSE N��	"��
 �

���! 2����� �*��� ����+ �R7��� ,/ D/��0 ���' �+ .+����% &/���
 ���'
 J�)/�! +/��	 �+ $,��!# ���HF JU/�) �
 @��� � ��=
 ��/�V�'

I��:!L�! D�9�/ .+�� 
{� ,/ &/�./ ]����VC/ G�*?	 @,� �'�	@���� ��
 N�����0 

&�HF ���0 N��u ����! &/�
 IU�	 �! +�=�5�� ]����VC/ +�� �0 

� �+����/ ��, ����! �+ ,/ _�(*	 N�/ �+ 
Lc�%/ �HF �0)�/�U ��/ ����0 �(+�� ,/ �� GH� �����# ����0 


�+�5 �! @/�	 �<��>� �R7� �0 �
 &�HF J
�U �C�7U $,�!# ��+ 

.��/ 
Sc�%/ @/A�! 2/���r	 �HF �+ ��^ �+ D��% �C/���! ����0 ,/ ��� 

GH� ��
 �����# �� �
 2��7Y ��V�+ X'�0 ��� ��HF ��
 �Y��� 

�0 D�9�/ �+�� �! @/�	 N��u ��/+�
 +�0 ��+A� �0 �����0 ���0 

��/.�+ />C N�/ �C�) A�� ]��?	 �
 IU�	 ]����VC/ $,�!# ��<�% 

�! .+�� 
@# ,/ {� �+/+ �
 �47� �8 � +��� �+/+ $,��!# G�*� ��C�/ &�'
j���� �
 �.�	 �
 �+/+ �
 �
��,�/ @,� ��
��,�/ &�' /��� ���r	 @# &�'

�+/+ �<���+ �
 �	 +�
 '/�F �+�U ��8 /� g����! °���� ��
�5! &�'
X�� �
 .���� ���
 �+ �47�� ����/�	 @/A�! ����
 &/�
 ��Z�! N��'

 
1 Epoch 

X�� �+/+ �g���! �.��F ���
 �+/+ ,/ w37�U ��8 X���!,# &��' &��'

 �� x/�:��/ ��C�/�
 �+� ��.��F � � E��Y/ �47� ��
 &��' ���+
�.��F �
 @# ,/ �!# X��� �*� ��+ � � ��(! ��U/� &�' ����


�
 �+/+ �7 � .� �7��*! X��!,# &/�
 �� E��Y/ &�' 
�,/�/ ��+�(! ��8 63;�< I��:! &�'��!/��� �� �7e � &��%

�,/�/ ���V5��!,# � -F &�� _�U+ �/A
/ 2/A�=9	 -��	 �%�� &�
 ��
 ��+�
 �+/+ @/���Y ���<�% ��Z� �+ �R7�� ��.��F � &+��� &��'
�+/+ .���� ���
 }���
�! &���' �&+��� 63��;�< &���!+ � ���
+TSS 

������.��F � &+���BOD5������.��F � &+���COD � &+���
 ��5%�
 N9C �Z�[ ��.��F(XR)}��:! ���! _��! +/�! �Z�[ �

(MLSS) ��'+/�' ��) �+ �
�F �+/+ @/���Y &+��� D� N�V����! �
���) ��
 ��� �+/+ ��5%�
 E���< N�9C �
+ @/A�! �'+/��' &��'

�
 �+/+ @/��Y �.��F &�' +/��	 ��8 &+�/��! �+ .� E��Y/ �47� �

�,/���/ 2����<+ P��� ,/ X���
 &����% �+ ����
Sv�����!) �+���
 �Y����

�,/�/ -��	 �8 &��+�(! ��! D��9�/ ��'��% -����! �/�(! ,/ �(+���
� �+����/�
 A�� �
+ � .�� E���Y/ �47� �
 ��/,�� N�V���! 2���

����� A�C��# j���� �8 �9�# ,/ ���?	 6� � &�' ��! @��5� ����F ��'+
���?	 ��=
 -�/�� N�/ �
 ���F &�'+�/�����/ ���/ ��� �/�	 &�/+��


 ��� E���Y/ � �7���*! ��5%�
 N9C @/A�! ����� N�!�	 /� �.��F
��=
 -��	 �
 �/+�
 �Y,/ {�� .�� ���<�% ��Z� �+ ����=
 ��+��(! @/�

�! @# &�'��!/��� ]�Z�	 � �7?Y �47� $,�!# �8 +�
 N��H! @/�	
�! +�.�! �7?Y �47� ��=
 P� ) �+ �/�	 @/A��! �i?:�! �/+�


 E���. �+ .���8 +��#���
 � �7����*! /� ,����� +����! ����5%�
 N��9CL
�
 �� �+����/ &�'��!/��� 47� D�F �+/+ @/��Y ��� �+��# ��7�?Y �

.��/ 
�
 D," E��. ��+��(! ,/ P�� ��' ��8 ���/ �8fL��
 2����

�(� !�.���/ �/>% ��e�	 ��5%�
 N�9C @/A��! �
 ]��(� ! ���[ ��� ]

E",������ ,���'+/�' �q;�)

�q;�)�'+/�'

��5%�
 E��< N9C

���r	
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103 ��������	
������� � �

;)�<H�@��� �
 �� E��Y/ &�'��!/��� �Y��?! �7?Y �47� &+��� &�' 
��N��� (�:+
�� L5��� f
*��"1 �����
#
bT~ v~p Sop &+��� 63;�< @���. @/A�! Flow

Tb Lo L &+��� 63;�< &�!+ TempIn

vvn SnS LSk &+��� J0 _��! 2/!�. TSSIn

k~ bT vb �.��F J0 _��! 2/!�. TSSOut

Tvo SSk LL~ &+���BOD BOD5In

vb Tn T~ �.��FBOD BOD5Out

kvS ToS LnT &+���COD CODIn

pp oL kL �.��FCOD CODOut

pppT p~pT o~LS ��5%�
 N9C �Z�[ @/A�! XR

bov~ vLvL T~Ln }��:! ���! _��! 2/!�. MLSS

Sn~ LpS LSv ��5%�
 E��< N9C @/A�! RAS

�
 � ��Z�! N��' @/A��! �+ ��=�# &�/>�%��e�	 ,/ @�����^/ &/��

 ���5%�
 N9Co+/�	 �
 �7?Y �47� E!pm>�) ��
)&+���

 �*�� ���+ ��8 �� �'�5! � � �+/+ J�45	 (��!/��� P�
X�� ,/ ���8 ��+�(! �
 �7?Y �47� ���
p~/��� X'��8 ��+

�+/+ �7e �+ ��/ N4�! �4��/ �
 �.�	 �
 .+�8 �V�5��!,# �+ �' ��
]8 �,/��/ D��V�' �+ ��� � +���% 2��� ��U+ X���!,# � &���%

�+/+ ���8 ���
 ���/+ +�.� �	345! ��. &�' J�
�U �� &��#
�
 .� �� �+����/ �+/+ �!���	 /��
/ J�C+ N��' �����
 +���! ��'

 �+/+ � ��<�% �/�U ��
 �7� � ��=�# 2/����r	 ��8 g����!�� &��'
�+/+ ! ��[ �=�# ,/ �
 � J7U &�' �+/+ ��Y��9! ,/ �+��
 ��(H� ��'

 &�'���/�< �Y��� � ��U+ X�/A�</ &/�
 {\� � �� m>)
�R7� �+/+ ��7?Y &�' &/��
 .��� E��!�� �+�����/ +���! &��'
N�/ $�� ���Z�! ,/X'���� N��/ �+ ��0 �� ��/�/ &+��! &�'

 �H
/�SE�!�� &/�
 �+/+ &,�� N��/ ,/ �+�����/ ��
 .� �+����/ �'
��0 �H
/��+/+ ���!/+ �+ �'~�L�! �/�U .���% 

)S(
minmax

mini

xx
xxX
−
−

=

�H
/� N�/ �+ �0 
X��� E�!�� �+/+xi� �+�����/ +��! �+/+xmin �xmax JU/�)

�+/+ �z0/) �]��/ �Z� +��! &�� �+ �'LT[.

X�A��� �)�) �8M / ����? W�
�+ G�>
+D ) 4
@ �
. 
�R7� �
 &/L~@���� ��� � (&+��� �+/+) &+��� ��" �+ @���

 ,���� +���! ��5%�
 N9C @/A�! -���! N���	) �.��F ��" �+
 .� �)/�^ (,�� ���7� �+ J4� �+S��F��� ����� P� �47�� �

�7?YMLP X'���� N��/ �+ �+�����/ +���! ����! ��" P� �

.��/ �� �+/+ X���� 

LM/J�������� �47� 7?Y���" �u @���\��� �+����/ �� �+/�NX'���

Return Sludge<160 m3/h 

160m3/h < Return Sludge < 240 m3/h 

Return Sludge >240 m3/h 
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���

�+/+ ���8 g�	�	 E�/ ��)�! �+ D�� 2/����+ -��	 �' &�/A�</
&�*� �
 �� �9
�. �+/+ �8 J�?< �
 }�
�! &�' �E��� I���:! &��'

�
 @+��8 �A�C��!�� ,/ {�� � ��� E��Y/ �47� �
 ]Z�! ��[ 2���
�+/+ �J�7U X�:
 �+ ��� @���
 $�� �
 �'nb�+/+ ���+ ) ��'Lb~ 

�
 (+Y � �E! �
��,�/ � $,�!# &+��� @/��YSb�
 ��+ @/��Y
�+/+ ) E! X��!,# &�'b~�+/+ ���9! ,/ .�� 6�:��/ (+Y &��'

 ��
��,�/ � $,�!#L~~ � $,�!# &/�
 +Yb~�
��,�/ &/�
 +Y
�
 �� �+����/ &�*� �+/+ �
 �7?Y �47� �8 $,�!# ��C�/ &�' �<��

�+/+ �
 �
��,�/ ,/ {� �@,� �������U�
 &�' � ���<�� ����r	 @# &��'
 ¡3�/ .� 

�47� J�45	 ,/ ]Y/ ��0>! J)/�! D�9�/ &/�
 X'��� N�/ �+
@,� ¡3�/ ��
��,�/ �$,�!# ��7?Y �47�� X��!,# ���=� �+ � �'

�/A����</ D������ �+ +�����.�! �/A����
/ ,/ �7����?YMATLAB-Ver 

7.8.0.347(R2009a) �/.� �+��� 

^�V*� ) W�
�+ 
J4� �+ &�'T�	o) &+��� &��' ��!/��� N�
 }�7	�/ �&+��� ��
+

BOD �&+���TSS �&+���COD �����Z�[ � &+���MLSS � (
��/ �� �+��# ��5%�
 N9C �
+ .

LM/ X�N9C @/A�! �
 &+��� �
+ 2/���r	 �e/ ����
 LM/^�@�� 8/ @/A�! 2/���r	 �e/ ����
 &+��� �R�B�C��
 �'/�F 
��5%�
 �
 ����) �
�	 63;�< ���F ���?	 �+����) �
�	 63;�< ���F ���?	 �+ ��5%�
 N9C @/A�! 

LM/ _��'/�F @�� 8/ @/A�! 2/���r	 �e/ ����
 LM/n�@/A�! �
 &+��� _��! +/�! @/A�! 2/���r	 �e/ ����
 
���?	 �+ ��5%�
 N9C @/A�! �
 &+��� ������� ���F����) �
�	 63;�< ���F ���?	 �+ ��5%�
 N9C 

63;�< ����) �
�	 

LM/o�@/A�! �
 -�*! &�!+ 2/���r	 �e/ ����
LM/ l�2/���r	 �e/ ����
 �Z�[@/A�! �
 &+��� 63;�< &�!+ 
���?	 �+ ��5%�
 N9C ����) �
�	 63;�< ���F ���?	 �+ ��5%�
 N9C ����) �
�	 63;�< ���F 
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������� � �

_�0�# �� 8$ / ��$B�! W�
�+ ���S�� (3> ��G�� �%�� 
X�� &/�
 �R7� +�R��Y j���� §�� +/�	 ���% E�. �+ �'S���/�/

 ���� ���� ��/�/ j���� �
 �.�	 �
 .��/ �� N�V����! ����0 E�A��
 ���HF ���
�!(MSE) �R7����+MLP +��Y �+~LTL/~�R7��� �+ �

RBF +Y �+S~L~/~�! �
�e w�7��(	 @/A��! ��
 ��.�	 ��
 ��0 +��
MSE�! �' ���;� /� j���� @/�	 .� �/+ X:
 

�R7���� &/����
 ����9��� N�����=
MLP �*���� �����+ ����Z� ,/
X�� ���
 �+/+ &/,/ �
 �� D�9�/ &�' X���!,# &�' �R7�� ���
 &/LS

� ���:! ���" �+ @��� ��
n~~ $,��!# J�)/�! �/��4	 ���
 �+ ��8

 ��
 ��
/�
 @# �+ �
���,�/ &��HF ���=�~LpT/~��*�� ���+ �
~n/pT�R7�� N���=
 � +�
 ��+RBF �R7�� ��
 &/Lo�+ @����

 �
 � ��:! ��"Sv~~ I��:! J)/�! �+ X��!,# �8 @/A��!MSE  
�
/�
Tvoo/~�� ��+ �@# �*Sb/bv����=� �+ .+��
 ���+

 �R7�MLP �
X��� &/��
 ��	 �� 6�:��/ �R7� N���=
 @/��Y ����

§�� +/�	 �+�����/ +���! E���< N�9C ��5%�
 &/�
 ,��� +��! &�'

 �47�� 2"��) N����=
 �+ ��'�/�4	 +/��	 X�/A</ j���� .+��% �/�U
RBF �MLP J4� �+ &�'p�L~.��/ �'�5! J
�U 

;)�<Q��R7� j���� N���=
RBF �MLP ����! ��" @��� +/�	 &/,/ �
 

-*6 �6�� ��
�,�� �
O@ ���M1 ����1 8+
�	D e�
1 �v">"#"1 8M / u"+ 

~b/op ~LvS/~ k~~ TanSig TcLkcL~

MLP 

vb/on ~Tvb/~ b~~ TanSig TcLocL~
~n/pT ~LpT/~ n~~ LogSig TcLScL~
~T/pL ~Lpb/~ n~~ LogSig TcLScLkcL~
Tv/p~ ~Soo/~ v~~ LogSig TcocLvcL~
Sb/vp STLb/~ S~~~ TanSig TcLScL~

RBF 

nb/b~ T~L~/~ SS~~ TanSig TcLbcL~
Sb/bv Tvoo/~ Sv~~ TanSig TcLocL~
kT/vo S~L~/~ Sv~~ LogSig TcLScL~
~b/vp Tnnb/~ SS~~ LogSig TcLbcL~

LM/��N�V���! �
�! &�HF $,�!# �&�HF �
��,�/ �+J
�(! +/�	 $,�!# J)/�! ���� ���� �47� �+ 

LM/H`�N�V���! �
�! &�HF $,�!# �&�HF �
��,�/ �+J
�(! +/�	 $,�!# J)/�! ��" �u @���\��� �47� �+ 
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X�� &/�
 §�� +/�	 ���
 ���� �+ ���5%�
 N9C ,��� +��! &�'
�
 �0 �� 2��Z� �Y��?! �7?Y �R7� ��
 ���5��/ ]�����VC/ ������

��+ $,�!# g(Y &��'��r�! ,/ �+�����/ ��
 ��0 N�/ .� ����
 ��/
 N��9C � &+��� 63��;�< 2������?F ,/ ���F�
 J!���� ���0 &+���

 E! .� D�9�/ ��+�
ANN ���=� �+/+ N��
 ��H
/� ���(<�! �
 &��'
 �R7� N��q�' .�<�% +�� /� �.��F � &+���MLP ��
 �� ��(! �+

 �R7�RBF X�� ��/�< �+ &��5�
 ����/�	 @��5� j���� .��/+ ���

 �R7� �0 +/+MLP �!�U+ �
 �/�	pTN�9C @/A�! �2/���r	 ��+

X�� I��:! -�/�� �+ /� ��5%�
 X'���� N��/ .����� ���
 @��5�
 E! ,/ �+����/ �0 +/+ANN X��� &/��
 &�ey�! �/A�
/ +/��	 ����


 ,/ ��4� ����/ 63�;�< &��'��!/��� �
 �.�	 �
 ��5%�
 N9C §��
 �7��?Y �47��� $,���!# &/���
 ���8 ����/ N���/ X'����� N���/ &����/A!

X��!,# D�9�/ �
 &,��� �Y��?! ������ � �. &�' +�9! &�/+��

�! � � �� �+/+ �
 @/�	 ��. &�' �/A�
/ 2/A��=9	 -���	 �� &��#

 ����?	 E�� �u �� P� E�^ �+ ��V5��!,# � -F &�� _�U+ �����F
 �	���� �+ ���/ �=��
 .+/+ $,�!# /� �Z� +��! �7?Y �47� ��8

����. 2���Y3^/ ���+ �+ @���!, �����! ���
 ���8 &����5�
 ���� &��#
��=
 ���?	 ,/ &�/+�
 �
 63;�< ���F �! ��+ �47�� ����F/ �+ ��# 

�! �+��% �/�U �7?Y �) �	 �47� �.��F j���� �8 +�
 N��H! @/�	
 ���. ��4��/ ��
 ��.�	 ��
 �<�^ ,/ .��/ @����^/ J
�U ��"�
 ��� 


�+/+ &��# ��! D��9�/ ���8 w��7� � ��U+ �
 �'��	/��/ -��	 �' �+���
 &����8 �*�� ,/ A��� �7�?Y �47�� ,/ J���) j����� ���/ N4�!

8 �C�) �+ .���
 �/+��F�
 i:�5! �,�
 P� �+ X��!,# D�9�/ �
 �
��. ��+/+ &��# �
 �' ��! J�!�8 2���Z� �
 � _�U+ 2��� ��
 @/��	

 ��!/ N��/ ��8 +�8 �+����/ ���=� �7?Y �47� j���� ,/ ��5�
 @����^/

 X���!,# D�9�/ &/�
 ���A' � �U� m�� DA�� ! ��u ��� �+ �+ ��'
.+�
 '/�F I��:! ���!, �,�
 

n�83��+ ���S 
�47� ,/ �+����/ X��� &/�
 ��Y��?! �7?Y &�' N�9C @/A��! ����


X�� �9��� �+ � ,��� +��! ��5%�
 §�� +/�	 ���
 N�9C E���< &�'
���?	 �+ ,��� +��! ��5%�
 ���F �
 63;�< &�' �E���< N�9C $��

�! ���,�/ ��� 
 �/�	 � ��O�8 2��?:5! ��4��/ ��
 �.�	 �
 .��

&+��� 63;�< ���8 ���?	 �
 ����� � ��!+ ���H�*! -�/�� ����F

�����?	 ���)/�^ �+ �/>��%��e�	 &���'��!/��� �����F ���
 63��;�< &���'
 $,��!# �7�?Y �47� ,/ �+����/ @�4!/ ���/ 2����! �V�4� ���+

���?	 P� �+ ���?	 ���� &/�
 ���F ���F � +�/�� +��.� �
��5! &�'
�! ��% @/�	�����?	 P�� �+ �7�?Y �47� �+ ����F J�
�U �H�/���

�+/+ �
 �8 ��/ �+����/ ����?	 @���' E��7U J
�U � G�*� &�' ����F
�,/�/ �U+ �(u �' �<�^ ,/ � ��7
 $,�!# �+/+ �7e � &��% &��'

�+/+ N�/ �%/ N��q�' � ��
 ��5�
 ��C�/ �47�� ��
 E���Y/ ,/ J�7U ��'
 � &�/��4	 ��+�(! � �� ����
 ��/�< h�����8 P� -��	 �7?Y

 ��[_�U+ �7?Y �47� ,/ J��) j���� ���� m>) @# E�7U J
�U �	
�! �9��� �+ .+�
 '/�F �R7� &+��� &�'��!/��� �8 ��% @/�	 &��'

 X��� � &��%+��� �����/�	 �
 &+��, �e/ ��Y��?! �7?Y ����
 &��'
E! �R7� N�/ I��:! &�' .��/+ �' 

o��+����5 
���
 ���
 6���V�+ �8���� ,/ ������� N���/ �+ �^���F @+/+ �/���U ������F/

���?	 �
 }�
�! 2�Y3^/ ��/+��U �����) ��
�	 63�;�< ����F
�! .+�� 

l�e<��� 
1. Tchobanoglous, G., and Burton F., L. (2003). Wastewater engineering: Treatment, disposal and reuse, 4th Ed., 

Mecalf and Eddy, Mcgraw-Hill Inc., New York. 
2. Hakan, M. (2004). “Modeling of activated sludge process by using artificial neural networks.” M.Sc. Thesis, 

School of Natural and Applied Sciences of Middle East Technical University.  
3. Zhang, Q., and Stanley, S. J. (1999). “Real-time water treatment process control with artificial neural 

networks.” J. Environ Eng. 125(2), 153-160. 
4. Hamed, M.M., Khalafallah, M.G., and Hassanien, E.A. (2004). “Prediction of wastewater treatment plant 

performance using artificial neural networks.” Environ. Model and Soft, (19), 919-928. 
5. Mjalli, F.S., Al-Asheh, S., and Alfadala, H.E. (2007). “Use of artificial neural network black-box modeling for 

the prediction of wastewater treatment plants performance.” J. of Environmental Management, 83, 
329-338. 

6. Nasr, M., Medhat, S., Hamdy, A.E., and Galal El Kobrosy, G. (2012) “Application of artificial neural network 
(ANN) for the prediction of EL-AGAMY wastewater treatment plant performance-EGYPT.” Alexandria 
Engineering Journal, 51, 37-43.  

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

107 ��������	
������� � �

7. Paia, T.Y., Yanga, P.Y., Wanga, S.C., Loa, M.H., Chiangd, C.F., Kuoa, J.L., Chua, H.H., Sua, H.C., Yua, 
L.F., Hua, H.C., and Changa, Y.H. (2011). “Predicting effluent from the wastewater treatment plant of 
industrial park based on fuzzy network and influent quality.” Applied Mathematical Modelling, 35 (8),  
3674-3684. 

8. Davut, H., and Demirb, T. (2008). “Prediction of wastewater treatment plant performance based on wavelet 
packet decomposition and neural vetworks.” Expert Systems with Applications, 34, (2), 1038-1043. 

9. Tyagi, R. D., Du, Y. G., Sreekrishnan, T. R., and Villeneuve, J. P. (2008). “Neural model for the operational 
control of activated sludge processes.” Process Biochem., 28, 259-267. 

10. Ali, R., Khataee, M., and Kasiri, B. (2011). “Modeling of biological water and wastewater treatment 
processes using artificial neural networks.” CLEAN – Soil, Air, Water, 39 (8), 742-749.  

11. Du Nyamin Gu, C., Lu, S., and U Kru, D. (2010). “Artificial neural network modelling of a large-scale 
wastewater treatment plant operation.” Bioprocess Biosys. Eng., 33 (9),1051-1058. 

12. Khorasan Water and Wastewater Co. Contractor: Digab Co., Consulting Engineers: Mahab Ghods Co. 
(2000). Contract of design, made, erection and operation of Torbat Heydarieh water and wastewater 
treatment plant, 34-72. (In Persian) 

13. Pai, T.Y., Wang, S.C., Chiang, C.F., Su, H.C., Yu, L.F., Sung, P.J., Lin, C.Y., and Hu, H.C. (2009). 
“Improving neural network prediction of effluent from biological wastewater treatment plant of industrial 
park using fuzzy learning approach.” Bioprocess Biosyst Eng., 32, 781-790. 

 

www.SID.ir

www.SID.ir

