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Abstract: In this paper, a new method is proposed for controlling the processes including Time-
Delay (TD). The method is based on the concept of dominant gain and its effect on the dynamics of 
irrational structured transfer function models. In this method, a minimum phase transfer function, 
which is almost required to be a first order one, is used for establishing the dominant gain 
requirement in control loop. This function is used as a secondary inner loop feedback from the 
controller output signal to the input such that establishment of the dominant gain constraint in the 
characteristic equation becomes possible. In this way, the RHP zeros of the open loop transfer 
function will be removed perfectly and the input signal to the controller will become free of the 
effect of such zeros. Among the important capabilities of this method is its much minor sensitivity to 
the model error and also its straight applicability for controlling QRDS processes. 
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 �S�!�� ��
 �] V�W$ !� ��$ �F�, �� �*�* @%!� @�% ��=�f� < ���
 �] U$�B

Q����5 � UfB� . ���$ !� @��%! ��		
 +�$ o�? oF5 P�! �� U$�B +�!
��	�! �� < �	
 �  ��		
 +�$ o�? -�5 �$Model�Bypass�Phase�

Limiter�(MBPL)  @%! ��� ��!td�5 . ��	=� e�W&5! ��!td�5 +�!
 ����B E!�:! ��� �<� �$ ���L `*4 ��		
 +�$ o�? �
 @%! @F�F, +�!
 @%! ���L ��!�5! ��B�$ �S%!*$ < ��*$ Q���% ��$ �F�, P��'B U$�B �� �5��

�
��$ �F�, ��4 �!�*�5����5 �<�G !� ���	
 Q���% � . � �
 �*S5��=
 ��!*�= V� ���� ��$ �F�, ��F�5! U$�B V� �$ ���% ���	
 �F�, V� Q�5!�

@%! �!���? .  �!�$ V� ���� U$�B V� w�J�5! �%� � �H	$ !t(Gmb  �$
 K�!�� �5!*B � �;J� �(��& �� �*�* �d�� -�B �$ @'�5 �B�$ ��!�5!

�? �!�$ !� �$*���<] �*�< �$ ��!�� . �� ��� u�S ��#(�� �� +�!�$�	$
 ��(�F +�!Gmb @%! ��� w�J�5! V� ���� U$�B V� .  

  
3-  	� �500� /��0� � 7��	� /�0<�� ��	�

U#��� 7����	  
 c<� P�� �c<� �% �� ��		
 ���	
 �$ ��<�< ��#(�	d�% ��	�! ��

*�& �*� z? �F�, V� < @��%! c<� � ���#	��? �!�L �%��$ ��* �(
�5��A � . E/��&)6 ( �B)8 ( �$ ��<�< ��#(�	d�% �$ q*$� Y�B�B �$

�	��$ � �(*�& �*� z? �F�, < @��%! ����#	��? c<� �� �(��	
.  
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 E/��& ��6  <8  ����F !� K$!<� @��%! c<� �$ �!*�$ ��#$ �W	�! �!�$
 �$ ��� ����B ��!��? �W��*) �	&� @��%! c<� �*�� �$ �	�]�4 U$�B ��
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@%! ��� ����d5 ���$ !�� E�*� . �$ �!*B � /�$ E/��& �%��$ �!
 +�! �� ���	
 Q���% 0%�? ��* �� �'(�� E�W5 @%� I��J c<� �%

@4�� . _�J �� ��� ����B ��!��? �*�< P�(� �$)8( +�! @%! +W� �
  E��'�@�% �!� �5�� ����B ��=�f� P��  Y�B�B +��$ < ��� @%!�

 ���	
 Q���% 0%�? < ��4�A ��4 Q��	� ��5 @(�, �(��	
 �$ ��<�< ��	d�%
�*� I�&9 .d�% _�J �] �� �
 @��%! c<� +�!�$�	$ �$ ��<�< ��	

 ��#$ �(*�& �*� z? �F�, V� �! @%! @%!� @�% �f� �L�4 �(��	

�	
 � P��.  U$�B ��!�5! �W	�! P�(� �$ "�5 ���#	��? c<� ��Gmb  ��*)

 �<�$ Q���% ���4� �
 �*� � w�J�5!�5�� ����B  �*�< !t( ��*�

@%! �f�	 ���	
 Q���% ��$ �F�, U$�B �� @%!� @�% ��=�f� .$ +�!�$�	
�*$ �=!*� @%!� @�% �f� �L�4 �(��	
 �$ ��<�< ��	d�% . ����F �!�$

 PW� �� ��	d�% �% +�!3 @%! ��� ���<] ���� ��� V� . +�! ��

�	�]�4 �� PW�� )15.0/()exp(4)( 
�� sssGp  o�? <

 ��		
 +�$)1/(2)( 
� ssGmb �	��'�.�
  

.
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Proposed method
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Smith method

�
 PW�3 .#(�	d�% @��W��5 �!�*�5 ����F���	
 �F�, V� ���#�(�, �� �(��	
 �$ ��<�< �� 

 ���#	��? c<� < ��!�5 �*�< ���S� �� �� �W��(�, �� @��%! ��		
 +�$ o�? ��(*�&�

  
 �� �(��	
 �$ ��<�< ��	d�% �*� � ���� PW� +�! �� �
 �*S5��=

 �SF5 �] @��W��5 �!�*�5 �
 @%! �(�	d�% �(*�& @(�,1-  ��� �<� !�
�! @%!  Q���% < @��5 �5*A +�! ���#	��? c<� < @��%! c<� ��

��
 �=!*J5 !��? ��!���? ��G( �! ��W� c<� <� +�! �� ���	
 .  

  
4-  ^�	 +�' �����(Robustness)�

 �!�L �%��$ ��* �� ��S� �$ @'�5 c<� ��*$ -<�F oJ$ +�! ��
�� �=!*� ����F /�$  �� ��� u�S c<� <� �$ < ���A �.  ��

 ��:�B �5!*B � �� �� �S� �*�< �5�� ����B �!�!� ���	
 ��#����%

 ��!���?�5 N��$ ���!* �� ��, �
 ���$ ���!� Q���% 0%�? �� ��!"�$
�*� � ���	
 �F�, . �;J� �(��& �� �S� +�! �� �� �S� E�*� ��

�*� �] �� @%!� @�% � �=�f� ����! N��$ @%! +W� <  ��� �=�� .
S� �!� ���5 ��� �(��& �$ �!*�� !� �� �� �]30[.�  

)()()( sPsPsP n �
� )9              (                                      

 �(��& ��)9 ()(sP  < �	�]�4 ��F�5! U$�B)(sP�  U$�B ~.��!
 < �&L!< ��F�5! �	��$ � �	�]�4 ��%! .)(sP� -<�F \�&� �!*	� �$ !�

 ��*$(Robustness)  @<�F �!"� �%��$ �!�$ ����& < �	%�	� �
 ���$ � �� ��S� P$�F �� c<�[30] . ��!td��� �$)(sP  ��

z? �F�, +�	R�= < @��%! c<� ����#	��? c<� �;J� �(��&  �*�
  E/��& �$ �!*B � Y�B�B �$  �(*�&)10 ( <)11 ( <)12 (@4�� @%� .  
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/��& ����F �$ E)10 ( <)11 ( <)12 ( �� �
 ��%� ����5 +�! �$ �!*B �
 c<� �$ @'�5 ���#	��? c<� �� ��*$ -<�F \�&� ��<�� K�!��

@%! ��A�"$ �(*�& �*� z? < @��%! . �$ ���#	��? c<� +�	R�=
 �!�$ ��A�"$ ��#$ ����FGmb(s) !�!� !� ��*$ -<�F �! ���A�"$ \�&� �

�*$ �=!*� .�! �! ���tA � ����#	��? c<� �!�$ ��*$ -<�F \�&� +
@%! c<� +�! �/�$ ���t? ~�S&5! ��	=� ���5 �
 ���$ ����� �5!*B .  

  
5- 7@�� ��=�  

 ��=�	�]�4 �! ���= �5*�5 ���#	��? c<� �! ���f�%! �$ oJ$ +�! ��
 c<� �!*� �#���% ��'� +�! Y(�L �� < ��� ���% ��'� I��J

 �%��$ ��* ���#	��?���A � �!�L . ��'� �� �� ��fA .'L �
 �*S5��=
  ��#$ w�J�5!��
 +�(<! �#���%Gmb� (s) ���$ � . @���$ � ��#$ +�!

���$ ���	
 Q���% ��$ �F�, �� �d�� E.�� �! ��A�"$ . �
 �*S5��= ��'(!
 �� �5!*B � V� ���� U$�B V� �5�� @$�: Q= < ��#$ �!�F Q= Q�5!��

  �] ��!�5! U$�B �5�� @$�: ���
 �A��% �!�$ �! ���$ �:*Gmb� (s) 
 �!�F1 �*� � ��4�A �H5 �� . ��!�5! �� ���#$ �!�F �#	B  Y�B�B +��$

�*$ �=!*� �:* U$�B . !� ��		
 ���	
 ��=��!��? �*	= � �W	�! �$ ��*B �$
�(��& �$�S !��$! �Q��!�5� )13 ( ��#$ �!�FGmb� (s) �!*	� �$ !�  o�?
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 0%�? �$ �W��*) !� �(��	
 ��=��!��? zi% < ���<] @%� �$ ��(<! |�4
 ��!�5! < ���%� w*�SGmb�(s)  Q���% ��$ �F�, �d�� E.�� �$ @'�5

Q��<] � @%� �$  ����$ �B�$ ���	
 .  

D)()( sGsG pmb � ��� )13            (                          �

 �
 @%! �
l �$ -�/Gp(s)  -*�& �
 @%! ���	
 Q���% �! �&$!*B ���5
 Q���% �� �A! �
 @%! �#��$ �	��$ �Gf(s)   ��Gm(s)   �*�* "�5

  w�x���, ���$ �	��$ )()()( sGsGsG mfP ��� �$ !�Gp(s) 
@4�A �H5 �� . !��? �!�$ �(�F +�! �� �
 @%! �=!*J(� c<� �c<� +�!

%! �(��	
 ��=��!��? ���
 `�) �$ �
 @fA ���$ ��'(! ��*� � ���f�
��
 !��? !� �(��	
 ��=��!��? �!*B � "�5 �d�� . U$�B ��*$ �B�$ Q#Gmb�

(s) ���$ � ��$ �F�, U$�B �d�� E.�� �$ @'�5  . K$!<� �! �
 �*S5��=
)3 ( <)4  ( \*�� @%! [J�Gmb�(s)   <Gp(s)  ��$ �F�, P�! ��

 PW� �� �*�* Q���%2  < �#���% ��'� �!�$ �(�F +�! �� !t( ���$ �
 ��#$ ���
 !��?Gmb�(s)  PW� ��$ �F�, �	!� @'�5 < ��4 ��=�!�*�5 �!2 
Q�	
 � ���f�%! .  

5 -1-  ��=��!��? ����B �$ @'�5 c<� ��*$ -<�F @����
 ��  
  U$�B ��#$ �!�F c<� +�! �� �
 �] �$ ��*B �$Gmb�(s)  �$ ���$ !�

 e�%!  Q���% ��$ �F�, ��4 < �	!� @'�5 ��#�	G	 < �	�]�4 ��F�5! U$�B ��#$
 Q���% 0%�? �
 ��
 +��&B ��*) �!*B � !� �!�F +�! �!t(  ��*�5 +��&B
 U$�B ��� �!*	� �$ ���$ -<�F �	�]�4 ��=��!��? �� E!����B �$ @'�5

Gp(s)=5exp(�3s)/(s+1) �H5 �� !� Q���A � . U$�B ��#$Gmb� (s) 
 �5!*B � ���#	��?6  PW� �$�S �
 !��� ���$4  �#�5�
�4 ���B ��

 ��!�5! �! �B/�$ �] ��!�5! ����$  .�
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 PW�4 . @'�5 �!�*�5�	!�  U$�B � !�$Gmb  ��#$ �$6  �	�]�4 U$�B <�

  

 ��= ��#$ �!*B � +�!�$�	$7  <8  ��$ �F�, ��
 ��#$ �! ��A�"$ �
 ���T <
 ���$ ���% ��#$ �!*	� �$ "�5Gmb ���A w�J�5! . -<�F ��G(  �! ���,�#$

 < ��#$ 0%�? �*� w�J�5! �B/�$ ��#$ �n�= �� ��S� �$ @'�5 ��*$
�*$ �=!*� �B -<�F . ���	
 Q���% ��$ �F�, ��4 �!�*�5 ��� �!*	&$

) \*��Gmb  <Gp  ( PW� ��5 @%! ��� ��!� ���5.  
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PW� 5 . �!�$ ��4 �!�*�5U$�B ��#$ I��J ����F(s)� Gmb �

  
 ��#$ �!�F �n �= @%! [J� /�$ PW� �! �
 �*S5��=Gmb�(s)  /�$

 �!�F �! �] ��4 ����, < ��� ���
 ��4 �	G	 E�5�%*5 E�� �<� �B
 �5!�G$180- �*� � ����$ ���� . �! �!�$ �� �
l "�5 .'L �
 �*S5��=

 � �@%!� @�% ��=�f� P�
 ���$ +�$ ��#$ Q�	
 � �&%Gmb�(s)  !�
 �$ V��"5 �] ��4 �!�F PL!�, �
 Q�	
 +��&B ��*)90- ���$ ���� . ��

 ��#$ �W��d	= ��4 PL!�, ��� +�!6  @%!146-  ��#$ �!�$ <7  �!�F
135-  ��#$ <8  �!�F127-  ��#$ �!�F +�!�$�	$ @%!8  � w�J�5! !�
Q�	
 .  

�9�, ��, �� �W	�! �$ ��*B �$  �5*dR�= ���#	��? ���	
 c<� �!�$
 �(�F +�! �� ��!�5 �*�< �(��	
 ���
 �*�B < Q�H	B @#� ���� c<�
 ��� ���f�%! �(��	
 ��=��!��? ���
 �*�B �!�$ �S� �!�d�5! c<� �!

@%!  . ���& �! ���f�%! �$ITSE   �!"$! �'&� K%*B ���% ��'� <
Simulink  ��Matlab�7 !  ���% ��'� +�!@%! ��� -��5 . �!�*�5
Simulink  PW� �� �)*$�6 @%! ��� ��!� o���5.�
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 PW�6 .  �� ���% ��'� -!�A��� y*�$�$  V	�(*��% �!"4! -�5 �! ���f�%!  

  
 �� PW�6  ���	
 ��=��!��?��		
  ���& �! ���f�%! �$ITSE  � �	�#$
�*� .��?! ��*) �(��	
 �	�5*�B ��=��!��? c<� +�! �� �
 �5! ��� Q�

 ����� ��<��2 �%�$ �*� �!�F PL!�, �$ . �<�� ��1  �$ ��=��!��?
 �� �(��	
 �!�$ ��] @%�Kmb @%! ��� ����d5 E<�f� ��= .  

  
 �<��1 . �� �(��	
 �!�$ ��] @%� �$ ��=��!��?Kmb E<�f� ��=  

�(��	
 �(!�d�5! ��!��?  �(��	
 �'%�	B ��!��?  Kmb�

0.333  0.4612  6  
0.3802  0.5277  7  
0.4276  0.5792  8  

  
 �<�� �$�S2  �!�F �n�=Kmb  �(��	
 ��= ��!��? �d�� �*� � ����$

�<� � �B/�$ "�5 . PW� ��7  ��$ �F�, U$�B ��4 < �	!� @'�5 �!�*�5
@%! ��� ��!� ���5 ���	
 Q���% . �	!� @'�5 �!�*�5 �� �
 �*S5��=

�5�
�4 �� �*� � ������!�5! Vn*
 ���� ��#� Gmb  �!GpGc 
 +�$ ����#5 ��4 �	G	 �*n �! @%! ��Wn*
180-  <90-   �*� � �<�G

 ��5 ����! ���	
 Q���% ��$ �F�, U$�B �� ��%!� @�%  �f� �5*dR�= !t(
�*� .  
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 PW�7 . ��� u�S � ��  ��4 < �	!� @'�5 �!�*�5�

  
 PW� ��8 ��f�%! �$ c<� +�! 0%�? ��� Q�%�B E<�f� ��= ��#$ �! �

@%! ���W� �'��FB �#J%�? �*� � ��=�� �
 �*S5��= @%!.  PW� ��9 
 ��#$ �$ Q���% 0%�?8 @%! ��� Q�%�B �!�*�5 V� �� @��%! c<� �$ .

c<� �! ���f�%! �$ ��	�! �� @��%! �(��	
Majhi,� Atherton 
[15,18] B ���$ � @��%! ��4�� �*'#$ c<� V� �
 < @%! ��� �*�

 �'%�	B ��!��?0.2  �(!�d�5! <1  @%! ��� w�J�5!.  
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 Q���% �� ��#$ �� �A!20 + ��� �$ �	&� ���$ ���!� �*�< �S� ����
 ���5  ��#$ +�!6  �5�� ����B ��!��? �� < ���$33 + �*�< �S� ����
���!�  ���$ �	&� ���$3  ���4  �*) �$ @��%! c<� E�*� +�! �� ���$

�� �=!*� �!���?�5 P�
 . PW� �� Y�S +�!10  ��!� ���5 u*9< �$
 @�tA �! z? < ���5 �!���? �5 ���#	��? c<� �W�(�, �� @%! ���

�%� � ��F �!�F �$ �5/*) �!�	n �5 �5�� . c<� �� Q���% 0%�?
�% �!�$ ���#	��?  PW� �� �*
t Q��11 @%! ��� ��!� ���5.  
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 ��#	��? c<� @4�A ����5 �!*B � ��� u�S ��#(�� �$ ��*B �$ +�!�$�	$
 ��, < ��*$ ��<�F �� ��S� �$ @'�5 @��%! c<� �$ ����F �� ���

���	
 �$ ���L @��%! c<� �W���!* ��  ���#	��? c<� @��5 Q���%
�	
 ���	
 !� Q���% �5!*B � .  
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 ���	
 P$�L ����! ��#(�% �� @��%! ��� u.�! ��#�<� ��< @��%!

�	���5 .�
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 U�� �W	�! �$ �<.� ����A � E�*� ���	
 �Q���% ��$ �F�, U$�B @%!�

�	��$ � "�5 ��L� ��T < PW� �	���5 . �$ ���L ���#	��? c<� �W�(�, ��
���$ � @%�$� < ���% ����$ �F��) �$ �#����% +�! ���	
 . PW� ��13 

	�]�4 0%�? �5*�5 �!*	� �$ �Gp=2/(s+1)+e�5s/(s+1)  ��		
 ���	
 �$
Gc=1+1/s @%! ��� ��!� ���5 . @%! [J� 0%�? �! �
 �*S5��=

 ����$ �S� �*�< ��!* �� < ���A ��$ ��F �!�F �$ @��% �$ 0%�?
���$ �  @%�$� . �F�L� �� �
 @%! �
l �$ -�/70  �!�F �$ �d�f�! V�
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 PW�14 . ���#	��? c<��! ���f�%! �$ /�$ E���� �$ ��#(� ���	
  

  

PW� �� �
 �*S5��=  E!����B �$ @'�5 c<� @%! ��� ��!� ���5 /�$
���$ � -<�F "�5 �� .  

  
6- 7��J �A��- � _.  

 ���	
 @#� �� +�*5 ��<� @%! ��� �m!�! �(�F +�! �� �
 ��<�
@%! �5�� ����B �!�!� ��=�	�]�4 . ���4� �! ��4�A -�#(! �
 c<� +�!

 ��=�	�]�4 �W��	��QRDS +�A w�J�5! e�%! �$ <  �� ���$ � �B�$
 c<� �	5� �5�� ����B �!�!� ��=�	�]�4 ���	
 �d�� ��#�<� �$ ����F
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 ���	
 �!�$ �5!*B � ��,!� �$ < ���$ � @%�$� < ���% ����$  ����	


�4 P�� �
 �5�� ����B �!�!� �!���? ��=�	�]�4 ���
 < �(!�d�5! ��=�	�]
 ���	
 ��= �F�, ��  ��*� � "�5 �����A ��!��?SISO �<� ��W$ .  
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