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Abstract 
In this paper, a new methodology is proposed for for active feedback control of drug administration in cancer chemotherapy. In this 
way, a nonlinear mathematical model is used to describe the dynamics between the tumor cells, immune-effector cells, and the 
cytokine interleukin-2 (IL-2). The proposed control method is based on the combination of takagi-sugeno fuzzy modelling, parallel 
distributed compensation and feedback linearization strategies. For this purpose, the control input has two components: a) a part is 
used to eliminate some nonlinear terms; b) another part is considered to stabilize the reminding nonlinear dynamical model. Then, 
the direct Lyapunov method is used for stability analysis and stabilizing controller design. Simulation studies on well-known 
benchmark problems demonstrate the effectiveness of the proposed method. 
Keyword: Control of tumor cells, Takagi-sugeno fuzzy modelling, Regulation of drug administration.  
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1Natural killer cell: NK  
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 2�  �� . � ��* �d��� ���4	  (�- 2�9  2	
�� � �8���1998 

 ��3�� I
��  � ����� /�+ m+��� &��+ (�	+ �8��� 2�� #� �(�f��
2�9  &��� #������ �2�� /�� .�* �d��� �
��� � 	�%�	� m �� (�-

2�9  ������2�9  � ��3�� (�-   (�-�����
�# �� gR%� �� ���
]1 2�  �� .[2003 2�9  /�+ #������ &����3- � &r�s� �(�f�� (�-

2�9  � _�1�	���] ���	� 2�� �� ���4	  (�-2 � t�9�u�� .[
����������  2�  ��2003  ����� �*� 2�� (������ ]����� �+ (�f��

] ��
B��	� ������ ��3�� � ������ �3�* v �� /
1	! 	@� �� �+3 .[
 2�  ��2004 &�	+  #3� �+ �� ��3*�- ������ ��3�� �&����3- �

] ����� ��	X � �	+ ���� ���"+ 2	
��4 2�  �� .[2005  � t�9�u��
���������� 2�9  /�+ I��F �������� m+���2�9  ����%� (�- (�-

2�9  ����4	  (�-T8 � �?�� ��3�* Z�$�- �� �� �- ������
2�� ] ���	� (5� 5 2�  �� .[2005  ��1 � 	
�9��  ��	
�� SE� ��
�+ ��2�9  /�+ #������ �+ `�+	� �8��� 2�� � �	+ ��@�� (�-

2�9  � �����/���
�  � &�+ �:�1� (�--���
/����	2 )IL2 ( 	
"+ �
�	+ /�+ 5� &��
�� &� �� �� ����� �� �A��	* &�	� gR%� � �F�	4

] ���	�6[ . 2�  ��2007  #� /��0� �+ &����3- � ��������� ���
���"+�+ &���� (] ��
B��	� &�4	  ������ ��3�� ��@��72�  �� .[ 

2007 &��9$�
 ��  ������� ���"+ &�]�� &�	� gR%� (�	+ (
�9F	� �� M�� #� ����� ]��)����	� ��"�%�� (� . /�� Z�)�� (�	+

+ &�4	  G�E�� (�	+ �8��� 2�� #� ��
+� ���� � �d��� /3�� D��E
u  � ���3� &�]�� � &��5 /��0� (�	+ ���"+ 2	
�� (��{� 5� t

 #� �� �� (	�c
� (���� ���Y� 	+�	+ �� &�+ ��3�� I
��  #�	^�
 ���	+ �	"+ ��
1	! ��	X ���?
 � ���� ������ ����]82�  �� .[ 2009 

 � (��?C(	E�� 2�9  /�+ �� ���7 �8��� 2�� #������ (�- �
��3�� � �0��4 ��* (�-���� @9C�3 &��+ �3  &�]�� � ������

&��5 �F�	4 (�	+ tu  � ����� �0 �� �-���� (��{� 5� &���� (��+
] ���	� ���?
 � [������� (������92�  �� .[ 2012  � �����

 �&����3- M�� &���: �+ P ��� � ���7 M�� 5� ���?
 � �+AVK  �+
 ��
B��	� I7�"� (�-����� �*� �8��� 2�� ���"+ 2	
��]10 �� .[

2�  2012  � ���5	�|+(	@�  &���� ���"+ ����� (�	+ �8��� 2�� #�

��
1	! 	@� �� &�4	 .  �+ ����"+ 2	
�� (��{� 5� ���?
 � �+ �"��
2�9  N��]� ��	3- (�-T -  (�- 2�9  &�* ���3� �+ �� �?��
 ���	� #3� �����]11 .[ 2�  ��2013  � ���3
+���5���B  P��	� �+

M�� (�-SDRE1  �EKF2 �3�_� �+ ���� N��]� (�	+  � ������
[�A0�� 5� ���	"+ � (	�h��"�� . � �����B	+ ��W�+ (��  M�� 5�

SDRE  /��L3- � ��F ���B5�+ �AB	�C 2	
�� #� �F�	4 (�	+
 M�� 5�EKF ��-�%� #� �F�	4 (�	+ ���	+ �	"+ �AB	�C ��F 	!

]12.[  2�  ��2014  � (	T����5	�|+�  5� ���	����3�� �8��� 2��
t�9�u�� �����  ����"+ 2	
�� (��{� 5� ���?
 � �+ � ���	� ���?
 �

2�9  &�* ���3� ���* P�  �� ���4	  (�-]13.[  2�  ��2010 
 (��?C � ���	+ �	"+ ���� P ��� N��]� (�	+ ���"+ 2	
�� 5� 	1 (	E��

]14.[ 

&���� (�	+ ������ ��3�� 5� ,-�.� /�� ��  ���4	  &���3�+
 ���?
 �[�- /�� �+ &�� � (�	+ . � ��* (�	+ (���7 M�� �

 &���3�+ �+ �-������ 2�9  &�	+ /�+ 5� ���4	  (�- ��"�%���� -

��* .2�� 5� ��� ��
 �� /�� ��(�- /�+ #������ �� ��7�� �8��� 
2�9 (�- 2�9  ������(�- �:�1� &�+ � /���
�  (���� -

���
/����	2 )IL2( �+ �� ���?
 � ��
1	! 	@� �� �AB	�C D��E�� -

��*. �+ &�� � (�	+[�- /�� ������ ��"�%�� (��� (���� 	+ �� ��*
M�� N�?9��AB (�-  (5� ��R��� 2�� (5�1 (5� �!����- ���7� 

&�	�7 ���* O�5�� (5� (  (5���. � ���
 � �+ �� P��	� /��
(����1	! 	@� �� ��	
�� (�- (G�� : � ,R+ �� S��* ��* �


D���: 5� �Q0+ &�	+ /�+ 5� (�	+ &� 5� �%R+ DW��0� �AB	�C (�-
�?�T� &� 5� �%R+ (U V � �AB	�C I
��  (5� ������ (

.���� ��": 	+ �� ����3�X�+ 2	
�� �F�	4 /��L3-����� 5� ������ (
�Y9F I
�� �+ �
�+��QX #3��� Z�)�� [������� (��* .���* -

(5� ,-�.� �+ ��� �� (��"�%�� M�� ������ ��* Z�)�� (�- (�-
�� &�%� �+�%���� /�� .�-���� M�� �+ ��� (	�	+ ��(�-  �+�%�

 (G�� :�������%�+ ���Y� (2�9  (��"�%�� M�� �� ���4	  (�-
� � /���� ����+  2�4 �� \	� 2�3
F� ,-�� 	$���+ ��B /�� ��

���� ���� ( � & (U V2�9  �� � �
1� /�+ 5� O�	  ���4	  (�-
 �)�
� &���� &��5 D�� . � �����  

�+ (�-��3� �1	0� �+ ��
+� ������ �� � ��* �
B��	� �
1� ���
 tu 	�C 2���� K�	%� ��* �
1	! 	@� �� �AB ,R+ �� .��*3 �

M���!���� (5�1 (�--�AB � ���7�  (5� ��R�� �+ &���:
 D���Y��d��� (�	+ Z5W���� (��"�%�� M�� ( �� ��	X i^+ .�	�!

 ,R+ ��4 �� ���� &�%��!���� M�� 5� ���?
 � �� ��*- ���7� 
�+�+ ���"��  �� � &� 	+ � ��%� 	)�� P ��� v �� ,R+ ��5 

�� �1	0� �� �*�� .��* ,R+ ��6��� ������ � �� (��"�%�� ���
���* P��X(5�  &�%� (��: (�-�� ���� .��*  

 

�32����* (�.1� ��/ 
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1 State Dependent Riccati Equation  
2 Extended Kalman Filter 
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I- . �  ��3� �/��e0( 0)P P> ≥  &�%� ���-�  ( (�3��)   �J�
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