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In this paper, we investigate the design method for interval type
fuzzy controller based on IT2 T
with uncertainty parameters. In order to analyze the stability and synthesis the 
control methods conv
representing the dynamic of nonlinear systems and dynamic of observer. 
Uncertainty parameters are captured by IT2 membership function characterized 
by the lower and upper membership functions. In this p
controller, the membership functions and number of rules can be freely chosen 
different from the IT2 T
method is known non
conservativeness
applied. The stability conditions in term of linear matrix inequlities (LMIs) are 
obtained. 
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In this paper, we investigate the design method for interval type
fuzzy controller based on IT2 T-S fuzzy observer for nonlinear systems along 
with uncertainty parameters. In order to analyze the stability and synthesis the 
control methods conveniently, an IT2 (T–S) fuzzy model is applied through 
representing the dynamic of nonlinear systems and dynamic of observer. 
Uncertainty parameters are captured by IT2 membership function characterized 
by the lower and upper membership functions. In this p
controller, the membership functions and number of rules can be freely chosen 
different from the IT2 T–S fuzzy model and IT2 T-S fuzzy observer. 
method is known non- Parallel Distributed Compensation.
conservativeness of stability analysis, a fuzzy Lyapunov function candidate is 
applied. The stability conditions in term of linear matrix inequlities (LMIs) are 
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In this paper, we investigate the design method for interval type-2 (IT2) T-S 
S fuzzy observer for nonlinear systems along 

with uncertainty parameters. In order to analyze the stability and synthesis the 
S) fuzzy model is applied through 

representing the dynamic of nonlinear systems and dynamic of observer. 
Uncertainty parameters are captured by IT2 membership function characterized 
by the lower and upper membership functions. In this paper, for IT2 fuzzy 
controller, the membership functions and number of rules can be freely chosen 

S fuzzy observer. This 
Parallel Distributed Compensation. To reduce the 

of stability analysis, a fuzzy Lyapunov function candidate is 
applied. The stability conditions in term of linear matrix inequlities (LMIs) are 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                             2 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 
����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 

 

Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

52 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

1- ��:�  

 ��E�
 �� ���+ �E� �1 ����1 �� � E�	 �K�,T-S1 ���2	 ���:3�J	 ��;3� �K�, �-1  �+��������0 ���D E�	 �K�, �T-S  �53"

���1 f95 �3� �� +� ����K ��==6	 ��+ . � X3��/��H ��+���/ ��3p"�+�25 }�K3" �K�
  ����K+3	)PDC2( +��s �"�@  �+�� [��

c !�
 ��+���/ >�H��O � A+�<  E�	 E� �1 ���T-S  �+��������0  E�	 �K�, �DT-S  ���2	 ���:3�J	 ��;3� �K�, �-1 

	 ������� � ��3<  �� �+�� �1K�
��c !  F� ��E� �1 ����1  F� ����0 �D  A+�< ���D+�5 B�3N�	 �3�  �O �� �1

�:3�J	 B�3N� ��+���/ w��  K+ �+���!	�� �� !��"�	 ���)LMI 3( 	 0
��  ���O]1-7[ . A+�< ��E� �1 ����1  ���

 E�	 �K�,T-S 0��� �3�A ��  E�	 �K�, ����DT-S  �O �� �1 ��+� �35� 0H�A ���K� �� �K�, E�	 � c !�
 �K�, E�	 �

0���  }��" �D0H�A ����" �� c !�
 � @��C" }0H�A 	�� �����]1�8[ . E�	 ��� �1P 0H�A �� �� ��T-S  E�	 �c !�
T-S 

���0 �D  E�	 �T-SE� �1 ����1  �+�("�3��? �����+� ���+�� �K�, �.  ��[�� �� ��g+�+ ���  	��" �+��K�
��c ! �� �� �

 B�3N� ��� E�	T-S  E�	 �T-S���0 �D 0
+ ��� � ,�D �\� �� ��+���/ >�H��O �+�� 	3�: X3��/��H }��" F� . ���1 +��/

 7��" �+�� 	3�: X3��/��H }��"K�
��c ! �� ��+���/ >�H��O ��� ��  ����6	 0
+ @G�	 �� ��353� ���O . -��1 �3\�	 ��

 ��+���/ >�H��O ��� �� 0����6	�+��+�  -�+>,+ {:�� �1 0
+ ��� � ,�D �\� �� �K�, X3��/��H }��" ����	 ���( 	 X3��/��H }�+3"

 0
+ ��� A+�< �� ���l/ X��(�+]9[ .  

          z�
+ �� �K�, X3��/��H }��" ����� � �+� * !� 0�3�: }�+3" LG� �� �1 X3��/��H }��" @ ,�D �\� �� �3\�	 ��

�:3�J	 ��;3� �K�, �- 1�2  ��]10 - 14[ 0
+ ��� � ,�D �\� �� .�+��+��:3�J	 ��;3� �K�, �-2  ��(	�� ���1 E�	 �3\�	 ��

 0
+ ��� �g+�+ Bh�=	 ��]15[ .�:3�J	 0�3�: }�+3" �� �3� �� c !�
 ���� 	+��/ �� ��(	�� ;3� �K�, ���-2  �����	 L��?

	 ����]15[ .�������1 !�
 E� �1 �� �9�5 K+ 49 C	 �c  ���2	 �� @�(	�� ����� ����:3�J	 ��;3� �K�, �-2  Bh�=	 ��

	 �����	  ��3�]16[ . K+ �3\�	 �M�A �H�=	 ���:3�J	 ��;3� �K�, �-2 ��:3�J	 ��;3� �K�, �-2 �9)�,  �+	 �����  �O �� �1

 ��+�� ��3��i 0�3�:1  � ,�D �\� ��	 �3� .�+��+�  !�
 E� �1 ��� �� B�=�=6" �(�c  �������� ���2	 �� �:3�J	 �� �K�, �

;3�-2  ���1 E�	 �
c !�  E�	 K+ ���4 
+ �� @�(	�� ����� ���T-S  0
+ ��� 7�J�+]14 �16-18[ . ��]16[  [��E�	 K�
 �

c !�
 �:3�J	 K+ ���4 
+ �� @�(	�� ����� ���  ;3� �K�, ���-2 0
+ ��� �g+�+ LN4	 �3< �� . �9)+ ���+ �M�A �H�=	 ��

 A+�<E� �1 ����1  �� �+������0 �D  E�	 z�
+ �� �K�,T-S  ��:3�J	 ��;3� �K�, �-2 �9)�,  ��G��� z�
+ �� �+ �+�25

 �K+3	 ��� ��� }�K3" �K�
)non-PDC (H��O �+�� �K�, X3��/��H }��" @ ,�D �\� �� �	 ��+���/ >�  �O �� �1 ������	�>H 

 �+�("�3��? �� E�	 �K�, �T-S  E�	 � c !�
T-S 0���  �+�(" �� �D�3��? �� E�	 �K�, �T-SE� �1 ����1  ��+���� ����� 

�� ��3< 	 �1  �+�(" @ ,�D �\� �� �� �+3"�3��? �� �+�� � �1 �K�, �E� �1 ����1  � c !�
 �K�, E�	 �� 02!����0 �D  �

 �� f
��	 0�3�: }�+3" @ ,�D �\� �� @��I��E� �1 ����1 +0,�� 0
� ���
 �� ��
 �� � .E� �1 A+�< K��� D.��  � ����1

0��� E� �1 �� ��
 D��
 [�� @�+ �� �D  ��G��� �� 02!� ����1PDC E� �1 ��3� 7��=	 � 0��� � ����1  ��(	�� ��+�� �� �D

                                                             
1Takagi - sugeno 
2Parallel Distributed Compensation 
3Linear Matrix Inequlity 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                             3 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 ����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

53 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

� 	+��/ �� 	 c !�
 ��� ���� . �K�, E�	 0�3�: }�+3" �H�=	 @�+ �� @��I��T-S  c !�
����� E�	 � T-S 0���  �D��	�>H 

 K+0�!? �� ������ 0
�� c !�
 �� O����� � ��3<  b+�< �1	  �� f
��	 0�3�: }�+3" @ ,�D �\� �� �� ��+3"�K� �� �K�, �

���
 + ��	K Y �	 �2
�6	 �1 ���� 0
� ��K� ��1 �K�, � ���4 
+ �O K+ ��+���/ >�H��O �� �	  }�+3" @��I�� � ��1 ��
O +� �3�

0H�A }��" ��� � 4D �\��� 0�3�: 	 ���D �K+��+ L��? �1 ����� c !�
 K+ ��� �� ����� ��3<  �K�
 ��2� 0�!? �� �	+ @�+ �1

	 �����	 �3� �� �3�.  

       �K�, E�	 �� � 2	 E� �1 c !�
 ��+���/ k�+��T-S  �K�, E�	 �c !�
T-S 0���  � �DE� �1 ����1  B�3N���!	��� �� �

 �� !��"�	(LMI )  �g+�+	 �3� . -C� �� +� �+ �	+�+ ��2  �K�, E�	T-S �:3�J	 ���2	�� c !�
 ;3� �K�, ���-2 �9)�,  �+

	 �g+�+ �3� . -C� ��3 , E�	�K� T-S  0��� �:3�J	 ���2	�� �D ;3� �K�, ���-2 �9)�, 	 �g+�+ �+ �3� . -C� ��4 E�	 T-

S E� �1 �:3�J	 ���2	 �� ����1 ;3� �K�, ���-2 �9)�, 0
+ ��� ���� �+ . -C� ��5  E�	 �� � 2	 E� �1 c !�
T-S  � c !�


 E�	T-S 0���  E�	 � �DT-S E� �1 	 �g+�+ ����1 �3� .C� �� -6 0
+ ��� �g+�+ ��+���/ >�H��O . -C� ��7  � �K�
 ��2�

�J� � ��O -C� �� � ���� 0
+ ��� ���� ���� ���D . 

  

2-  ���; ��T-S �W Rb� ���?� �� A�"�� \ � ���; ���-2 �+��;  ��]16[  

        E�	 �K�, c !�
 F�T-S �:3�J	 ���2	 �� ;3� �K�, ���-2 ��p  � �K�, �3��?ψ  Z��(" ��K B�3N� �����	 �3� .  

  

)1(  

       �O �� �1iM α
%  ;3� �K�, �:3�J	 F�-2 �9)�, �K�, �3��? �� w3��	 �+i	+ �K�, ��u 	 �� �+���f (x ( t ))α 	 �� ���� ��3< �1:

1, 2, ..., ,  i 1, 2, ..., pα = ψ = . @��I��n m n n
i iB , A× ×∈ ℜ ∈ ℜ�O �� �1

i iB , A  ����� `��"�	 � 0H�A `��"�	 f�"�" ��

 c !�
	 �����.n lx (t) ×∈ ℜ  �+���0H�A �� � c !�
 �m lu(t) ×∈ ℜ 	 H� �1 E��*�
 �����.  �K�, E�	 ��T-S ;3�- ٢  �� �+��

 Z��(" @���/ � h�� �K� �� �3��?	 �3��? �+��  �1 �3�i 7+ 	 ��K B�3N� ����:  

)2(  

�O �� �1:  

  

)3(  

  

�� ��3< �1 :  

i i
1 1

i i

Rule  i :  IF  f (x(t))  is  M   and,..., f (x(t))  is  M

       THEN  x(t) A x(t) B u(t)         i 1,2,..., p   
ψ ψ

= + =

% %

&

i i i
1 2

i i i
1 2

L
i 1 2M M M

U
i 1 2M M M

w (x(t)) (f (x(t))) (f (x(t))) ... (f (x(t))) 0

w (x(t)) (f (x(t))) (f (x(t))) ... (f (x(t))) 0

ψ

ψ

ψ

ψ

= µ ×µ × ×µ ≥

= µ ×µ × ×µ ≥

i
L
i

U  ,  w (x(t))    ,  iw (x 1,2,...,p(t)) =  
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c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

 

)4(  

  �<3��	 0�3�: }�+3" �h�� � @���/ 0�3�: �5�� f�"� � �1	 ����� . +lH���+� 	 ���) >����K ����:  

  

)5(  

 ��K ���!	�� �� �J�	 �1	 �3�:  

)6(  

 �K�, E�	 0���� ��T-S  0
�� ��K ���+� B�3N� c !�
	 O��:  

  

)7(  

�O �� �1:  

)8(  

�� ��3< �1:  

  

                       �O �� �1            ��+�� h3�(	 �1 �� !� ����� }�+3"0.5 	 � ,�D �\� �� ��3�.  

  

3-  ���; ��T-S2��7 �D  ���?� ���W Rb� ��\ � ���; �-2 �+��; ��  

        F����0 �D  ;3� �K�,-2 �9)�,  �� +� �+p  7�=	 w��� �1 ����*� �\� �� �K�, �3��?�:3�J	 ��;3� �K�, �- 2 ]18[  �

 �� G�	���� c !�
 �J� � w������0 	�D ���� .�3��? �� �� w3��	 �K�, ����0 �D  ���+� B�3N�)9 (	  �O �� �1 �����

�K� �� E�	 �� w3��	 �K�, �T-S  c !�
)7 ( ����0 �D  ��!G�	 �����:  

  

)9( 

       �O �� �1iM α
%  ;3� �K�, �:3�J	 F�-2 �9)�,�K�, �3��? �� w3��	 �+ i7+  �K�, ��u 	 �� �+���f (x ( t ))α 	  ����

�� ��3< �1 :1, 2, ..., ,  i 1, 2, ..., pα = ψ =�ψ 0
+ 02e	 �+�=	 F�]18[  . }�+3" � �K�, �����u 	 �1 0
+ @�+ �� ��, �J��+ ��

0H�A }��" �0�3�: ����� ���D �K+��+ L��? �1 �� !� c !�
 K+ ��� c !�
 ��K �� ����� c !�
 ���1 ��>J" 0�!? �� �  ���

i

i

M

M

(f (x(t))) [0,1]

(f (x(t))) [0,1]
α

α

α

α

µ ∈

µ ∈

i iM M
(f (x(t)))  (f (x(t))) 0

α α
α αµ ≥µ ≥

U L
i iw (x(t)) w (x(t))≥

p p
L U
i i i i i i i i

i 1 i 1

p

i i i
i 1

x(t) w (x(t))v (x(t))(A x(t) B u(t)) w (x(t))v (x(t))(A x(t) B u(t))

         w (x(t))(A x(t) B u(t))

= =

=

= + + +

= +

∑ ∑

∑

&

%

L U
i i i i iw (x(t)) w (x(t))v (x(t)) w (x(t))v (x(t)) [0,1]= + ∈%

p

i i i
i 1

w (x(t)) 1, v (x(t)) [0,1], v (x(t)) [0,1]
=

= ∈ ∈∑ %

i i
1 1

i i i

 Rule  i :  If   f (x(t))  is  M  and ,... , f (x(t))  is  M

ˆ ˆ ˆ Then  x(t) A x(t) B u(t) L (y(t) y(t) ) , i 1,2,...,p

ψ ψ

= + + − =

% %

&

i iv (x(t)), v (x(t))
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c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

0H�A �K�, �����u 	 �� �D+ �� �K+��+ L��? �1 c !�
 K+ ���  �O B+���u" ����6	 K+ k=, ���� � �+� �35� ����2� ���D

0H�A E�	 �3\�	 �� �� 	 ���4 
+ �K�
 0H�A K+ k=, 0�3�: }�+3" @ ,�D �\� �� �+�� � �3� �1 ��� �K+��+ L��?  ����� ���D

	 ���4 
+ �3� . @��I��n n n n
i iB , A× ×∈ ℜ ∈ ℜ c !�
 ����� `��"�	 � 0H�A `��"�	 f�"�" ��	 �����.n lx (t) ×∈ ℜ  �+���

0H�A �� � c !�
 �m lu(t) ×∈ ℜ 	 H� �1 E��*�
 ���� .� 	+��/
iL���� �� ����0 	�D ���� �3� @��(" ���� �1 . ���+� ��)٩ (

x̂ ( t )  0H�A @��C"x (t )	 ���� . @��I��y( t )�ŷ ( t )  5��� � c !�
 5��� f�"�" �����0 	�D �����  B�3N� �1

 Z��("��K	 ��3�:  

  

)10(  

  

 �O �� �1
iw (x(t))%  ���+� B�3N�)2 (	 ���� . @��I���"�	� ̀�� �

iC�"�	� ̀�� E�	 5��� �T-S  E�	 � c !�
T-S 

0���  �D	 �����  ��, �H�=	 @�+ �� �1	  7��" �3��"�	� ̀�� E�	 5��� �T-S  E�	 � c !�
T-S ���0 �D  ��+��

	 ����� .�(�:  

)11(  

 �K�, E�	 �J� � ��T-S 0��� 	 0
�� ��K ���+� B�3N� �D ��O.  

)12( 

4-  ���; ��T-S ����P I��P �W Rb� ���?� �� \ � ���; ���-2 �+��;  �� 

 �	+�+ ��E� �1 ����1 ;3� �K�,- 2 �9)�,  �K�, E�	 ��+���/ �3\�	 �� �+T-S )7 ( �3�A �����0 �D )12 ( �g+�+	 �3� .

�3��? �� �� w3��	 �K�, �E� �1 ����1 	 ��K ���+� B�3N�  K+ �K�, �3��? 7�=	 w�� 0�!? k=, �1 ����]18[ 	 ����: 

 

)13(  

  

�� ��3<  �1m n
jG R , j 1, 2 , ..., c×∈ =���� �� 0H�A F���, �	 � ��3� @��(" ���� �1 �����jNα

%;3� �K�, �:3�J	- 2 �9)�, + �

 �� w3��	j  � �K�, �3��? @�	+u 	�� �K�, 1, 2, ...,  , g (x(t))αα = ψ	 ���� . @ ,�D �\� �� ��]18[  :  

  

  

p

i i
i 1

p

i i
i 1

y(t) w (x(t))C x(t)

ˆ ˆy(t) w (x(t))C x(t)

=

=

=

=

∑

∑

%

%

1 2 pC C ... C C= = = =

p

i i i i
i 1

ˆ ˆ ˆx(t) w (x(t))(A x(t) B u(t) L (y(t) y(t))  
=

= + + −∑& %

j i
1 1

j

Rule  j :  IF  g (x(t))  is  N   AND  ...  AND 

     

 g (x(

     

t))   is  N  

ˆ THEN   u(t ) G x(t)
ψ ψ

=

% %
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c !�
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��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

 )14(  

)15(  

)16(  

)17(  

�O �� �1jN
 (g (x(t)))  

α
αµ

%
 �jN

 (g (x(t)))
α

αµ
%

 �
jm (x(t))  �

jm (x(t))  ����� �h�� 0�3�: �5�� f�"�" ��α 0�3�: �5�� �7+

 ����� @���/α �� w3��	 @���/ �K� � h�� �K� �7+j	 �K�, �3��? @�	+  �����]18 [ . k�+�� ��)13 ( �")17 ( �1 0
+ @�+ �� ��,

E� �1 �� w3��	 0�3�: }�+3" � �K�, �����u 	 0H�A }��" ����1  !�
 K+ ����K+��+ L��? �1 �� !� c  @�+ �+�(" � �� !� ���D

0��� � c !�
 �K�, E�	 �� w3��	 �K�, @��+3? �+�(" ���!	 �� � �1 @��+3? 	 �D ���� . �3��? 0���� ��E� �1 ����1  B�3N� �1

 0H�A F���,	  Z��(" ��K ���+� B�3N� ����	 �3�:  

  

)18(  

 �O �� �1]18[ :  

)19(  

 

 �O �� �1  -�/ K+ �����u 	�(" Z�  ���	  ���+� �� �1 �����
j j(x (t )) (x (t )) 1β + β =	 ��)  � ���1

 ��+�� h3�(	0.5	 � ,�D �\� ��  ��3�]18[ .  

5-  �� �� ���?� ����P A�"��T-S  �� a A�"��T-S  �� 2 �D 7�2�T-S ����P I��P  

 A+�< ����0� �D  ��+���/ � ��� E��*�
 ��+���/ X�� ��K ���+� B�3N� ��� E��*�
 Z��(" ��0H�A �� c !�
 �	  ����

�� ��3<  �3� �+���/ ��� E��*�
 �D+ �1)��1 L�	 �4) 0�
 ��( ���0� �D 0H�A 	 @��C" +� c !�
 ��� ��K]1[ .  

)20(  

E� �1 �J� � �� 0��� � ����1  w�� �� ���� �D)1 ( �)2 (	 ��K B�3N� �1+�  ���1 ����O�� �����]1[ :  

  

)21(  

���+� �� �53" ��  ���)7( �)12( �)18 ( �)20 ( @ ,�D �\� �� ���!"� �� ��K �]18[:  

)22( 

j j[0 1 ]  ,  [0 1 ]β ∈ β ∈

j

j

j j

j j

j N
1

j N

j

1

N N

M (x(t)) m (x(t)) , ,

m (x(t)) (g x(t)) 0  

 m (x(t)) (g x(t)) 0   

(g x(t)) (g x(t))

 

0         j

  m (x(t))

α

α

α α

ψ

α
α=

ψ

α
α=

α α

 =  

= µ ≥

= µ ≥

µ ≥ µ ≥ ∀

∏

∏

%

%

% %

c

j j
j 1

ˆu(t) m (x(t))G x(t)
=

=∑ %

c
j j j j

j jc
j 1

k k k k
k 1

(x(t))m (x(t)) (x(t))m (x(t))
m (x(t)) 0  ,    m (x(t)) 1

( (x(t))m (x(t)) (x(t))m (x(t))) =

=

β + β
= ≥ =

β + β
∑

∑
% %

ˆe(t) x(t) x(t)= −

(1)   x(t) 0     when    t

ˆ(2)   x(t) x(t) 0    when   t

→ → ∞
− → → ∞

p p p c

i j i j
i 1 j 1 i 1 j 1

w (x(t)) m (x(t)) w (x(t))m (x(t)) 1
= = = =

= = =∑ ∑ ∑∑% %% %
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c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

 �K�, E�	 �� � 2	 E� �1 c !�
 F�	����T-S )7( ����0 �D )12 ( �E� �1 ����1 )18 ( 0
�� ��K ���+� B�3N�	 ��O:  

  

)23(  

  

 ���1 +��/ X�� �O �� �1���� �� 0H�A F���, �jG �iL	 ���� �� ��3D + E� �1 c !�
 �1 �)23 (�� �3� �+���/ ��3<  �1

0H�A �� � ���1 L�	 �4) 0�
 �� c !�
 ����0 �D  K+ 2
��	 @��C"0H�A ����� �J� � +� c !�
 � . �+�� 0�!? @�+ ��

 ��5 �� D��
j im (x(t)), w (x(t))% %  K+j im , w% % 	 ���4 
+ �3�.  

  

6- �����( T�6��M  

 ���+� �� �53" �� 0�!? @�+ ��)23 (N� f�"�" �� � !� �=9A c !�
 91 `��"�	 � 0H�A �����u 	 � ,�D �\� �� ��K ���+� B�3

	 ��3�:  

)24(  

�� ��3<  ���+� �1)23 (	 !�3�K�� ��K ���+� B�3) �� �3�:  

)25(  

�:3�J	 ���2	 �� �K�, X3��/��H }��" Z��(" Y��< K+ � !� �=9A c !�
 ��+���/ >�H��O �+�� ;3� �K�, ���-2   ��G��� �non-

PDC	 0
�� � !� �=9A c !�
 �+�� ��+���/ w�� � ��O .� �\� �� +� ��K ���+� B�3N� �K�, X3��/��H }��"����*:  

)26(  

�� ��3< �1 :  

 ���+� �� �53" ��)25 (	 �+�?�� ��K �H��(	 ����:  

)27(  

 

 �O �� �12n 2nM ×∈ ℜ � ��+���/ >�H��O �� ���= 	 G�1 `��"�	0>λ  =�=A ��: F�	 �3� @��(" ���� �1 ���� . @��I��

 ���+� ���!" �� �53" ��)22 (@�+ @ ,�D �\��� � �K� �1  ��	K �� 02!� ��l/ Y �	 � � 
3�/ (�+3" ��� � ,�D �\� �� �K�, ��� �

0H�A 	 c !�
 ���  �����]9-12[ 	 0�3� �+3":  

{ }

{ }

p c

i j i i j i j
i 1 j 1

p c

i j i i
i 1 j 1

x(t) w (x(t))m (x(t)) (A B G )x(t) B G e(t)

e(t) w (x(t))m (x(t)) (A L C)e(t)

= =

= =

= + −

= −

∑∑

∑∑

%& %

& %%

i i j i j
a ij

i i

  ,
A B G B Gx(t)

x (t) Q
0 A

 
e

 
L C(t)

+ −  = =    −   

p c

a i j ij a
i 1 j 1

x (t) w m Q x (t)
= =

=∑∑ %& %

p c
T

i j a ij a
i 1 j 1

V(t) w m x (t) P x (t)
= =

=∑∑ %%

T 2n 2n
ij ijP P 0, ×= > ∈ ℜ

p c
T T

a a a i j ij a
i 1 j 1

2[x (t) M x (t)M] x (t) w m Q x (t) 0
= =

 
+ λ × − = 

 
∑∑ %& & %

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                             8 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 
����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 

 

Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

58 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

)28(  

 �O �� �1j im , w& &% %  ��	K Y �	�K� �� �K�, �j im , w% %	 ����� . Z��(" ���"�	`�  ���2n 2n 2n 2n
j iS   ,   Y× ×∈ℜ ∈ℜ  ���+� K+

)28 (	 0�3� �+3":  

  

)29(  

 �� �53" �����+� �� �)26( �)27 ( �)29(� V(t)& �� 	 0
�� ��K B�3) ��O:  

  

  

  

  

  

  

  

)30(  

  

��, ��:  

�9�� >��P )�;�D �=� �� 2iw&% 2jm&%  ��� ����� '� V�: 

)31(  

 �O �� �1i 0σ ≥  �j 0φ ≥	  ������ ���+�)30 (	 !�3�K�� ��K B�3N� �3�:  

  

)32(  

  

`��"�	 K+ ���4 
+ ��M  ���+� �� ��� Z��(")27 ( ���!	�� ���+� �)32 (	 !�3�K�� ��K B�3N� �3�.  

p c

i j
i 1 j 1

w m 0
= =

= =∑ ∑ && %%

p
T

l a j a
l 1

c
T

l a i a
l 1

w x (t) S x (t) 0 ,    j 1,2,...,c

m x (t) Y x (t) 0 ,      i 1,2,...,p

=

=

= =

= =

∑

∑

&%

&%

p p pc c c
T T T

i j a ij a i j a ij a i j a ij a
i 1 j 1 i 1 j 1 i 1 j 1

V(t) w m x (t) P x (t) w m x (t) P x (t) 2 w m x (t) P x (t)
= = = = = =

= + +∑∑ ∑∑ ∑∑&&& % % %% % % &

p pc c
T T T

i j a ij a l a lj a l a il a
i 1 j 1 l 1 l 1

p pc c
T T T

i j a ij a l a lj j a l a il i a
i 1 j 1 l 1 l 1

T
i j a ij a l

w m (2x (t) P x (t) w x (t) P x (t) m x (t) P x (t))

w m (2x (t) P x (t) w x (t) (P S )x (t) m x (t) (P Y )x (t))

w m (2x (t) P x (t) w

= = = =

= = = =

= + +

= + + + +

= +

∑∑ ∑ ∑

∑∑ ∑ ∑

% &% & &

% &% & &

%% & &

p pc c
T T

a lj j a l a il i a
i 1 j 1 l 1 l 1

p c
T T

a a a i j ij a
i 1 j 1

x (t) (P S )x (t) m x (t) (P Y )x (t))

 2[x (t) M x (t)M] x (t) w m Q x (t)

= = = =

= =

+ + +

 
+ + λ × − 

 

∑∑ ∑ ∑

∑∑

&

%& & %

p pc c
T T T

i j a ij a l a lj j a l a il i a
i 1 j 1 l 1 l 1

T T T T
a a a ij a a a a ij a

w m (2x (t) P x (t) w x (t) (P S )x (t) m x (t) (P Y )x (t)

2x (t) Mx (t) 2x (t) MQ x (t) 2 x (t) Mx (t) 2 x (t) MQ x (t)                  ) 

= = = =

= + + + +

+ − + λ − λ

∑∑ ∑ ∑% &% & &

& & & &

ij j ij iP S 0  ,P Y 0  , i 1,2,..., p ,  j 1, 2,...,c  + > + > = =

i i j jw   ,  m≤ σ ≤ φ&& %%

p pc c
T T T

i j a ij a l a lj j a l a il i a
i 1 j 1 l 1 l 1

T T T T
a a a ij a a a a ij a 

V(t) w m (2x (t) P x (t) x (t) (P S )x (t) x (t) (P Y )x (t)

2x (t) Mx (t) 2x (t) MQ              x (t) 2 x (t) Mx (t) 2 x (t) MQ x (t) )        

= = = =
≤ + σ + + φ +

+ − + λ − λ

∑∑ ∑ ∑& %% &

& & & &

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                             9 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 ����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

59 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

  

  

)33(  

  

 ���+� 0���� ��)33 (	 !�3�K�� ��K B�3N� �3�:  

  

  

)34(  

  

 ���+� K+ ��K ���+� �G��+ �� �53" ��)34( ���+� � ,�� [� !D �1 �)27 ( �4) ��+�� �0
+	 ����:  

)35(  

  

`��"�	 � ����u 	  Z��(" f
��	 ��(�+ �� ��K ���	 ��3�:  

  

  

  

 �O �� �11 2W diag[W , W ]=  ��"�	`� ���1W�2W�"�	`�  02e	 ������= 	 � @�(	  	 ����� .@��I��
m n n m

j iN  ,X× ×∈ℜ ∈ℜ`��"�	 `��"�	 �(� �� f
�� 	 ��� 0��� ���� ��� 	 0H�A F���, � �D ����� .�J� � ��  ���+�)35 ( +�

	 0�3� ��K ���+� B�3N� �+3" :  

)36(  

 �� ���+� �� �53")36 (	 �+�?�� ��K ���+� ����:  

)37(  

p pc
T 1 T T T 1 T T

i j a ij a l a lj j a
i 1 j 1 l 1

c
T 1 T T T 1 T T

l a il i a a a
l 1

                 

V(t) w m (2x (t) MM P M M x (t) x (t) MM (P D )M M x (t)

x (t) MM (P F )M M x (t) 2x (t) MM          

                         

MM M x (t)

2x 

− − − −

= = =

− − − −

=

≤ + σ +

+ φ + +

−

∑∑ ∑

∑

& %% &

&

T 1 T T T 1 T T
a ij a a a

T 1 T T
a ij a                          

(t) MM MQ M M x (t) 2 x (t) MM MM M x (t)

2 x (t) MM MQ M M x (t))

− − − −

− −

+ λ

− λ

& &

&

p pc
T T 1 T T T T 1 T T

i j a ij a l a lj j a
i 1 j 1 l 1

c
T T 1 T T T T 1 T T

l a il i a a a
l 1

       

V(t) w m (2(M x (t)) M P M (M x (t)) (M x (t)) M (P S )M (M x (t))

(M x (t)) M (P Y)M (M x (t)                   

    

) 2(M x (t)) M MM (M x (t))

      

− − − −

= = =

− − − −

=

≤ + σ +

+ φ + +

∑∑ ∑

∑

& %% &

&

T T 1 T T T 1 T T
a ij a a a

T T 1 T T
a ij a

2(M x (t)) M MQ M (M x (t)) 2 (M x (t))M MM (M               

                    

x (t))

2 (M x (t)) M MQ     M (M x (t)))

− − − −

− −

− + λ

− λ

& &

&

T T 1 T T T T 1 T T
a a a ij a

T 1 T T T T 1 T T
a a a ij a

2(M x (t)) M MM (M x (t)) 2(M x (t)) M MQ M (M x (t))

2 (M x (t))M MM (M x (t)) 2 (M x (t)) M MQ M (M x (t)) 0

− − − −

− − − −

−

+ λ − λ =

&

& & &

1 T T T T T
j j 1 i 2 i ij ij j j i i

p c
T T

j l lj j i l il i a a
l 1 l 1

W M ,  G N W ,  L W X ,V WP W ,  WS W ,  WY W , 

 (V )   , (V ),  (t) W x (t),  (t) W x (t); 

  i 1,2,...,p  , j 1,2,...,c

− − − −

− −

= =

= = = = Ε = Ι =

ϒ = σ + Ε Γ = φ + Ι ζ = γ =

= =

∑ ∑ &

T T
ijT T

T T
ij

Q W W (t)
2 (t) (t) 0

Q W W (t)

 − ζ  ζ γ =    −λ λ γ    

T T
ij

T T
ij

Q W W
0

Q W W

 −
= −λ λ  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            10 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 
����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 

 

Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

60 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

 v�M ���"�	`�  ���T T
n 2 n 2D diag[I , W , I , W ]=  �T T

n 2 n 2F diag[I ,W , I ,W ]− −=  `��"�	 0
+� � �^ X�< �� f�"�" ��

 ���+�)37 (	 0
�� ��K ���+� � ��O:    

  

)38(  

  

@ ,�D �\� �� ��                : 

  

 ���+� 0���� ��)34 (	 +� 0�3� ��K ���+� B�3N� �+3":  

  

  

)39(  

  

�O �� �1:  

  

  

  

 ���� � !� �=9A c !�
 ��+���/ �+��V 0<& ���� . �����		  �D+ �3�ij 0Ω <  w�� ����V 0<&  �+�?��	 �3� . >�H��O s�� �

0
+ ��� ����O ��K ���? �� A+�< � ��+���/.  

 ��]H1: ���1 ��,0λ > c���� � �+� � ��3� =�=A ��: F�i iw   ≤ σ&% �j j m ≤ φ&% �� ��3<  �1i 0σ ≥  �j 0φ ≥  . c !�


 �K�, E�	 �� � 2	 E� �1T-S;3�- 2 �9)�, + �)23 (G�"�L ���  c !�
 �K�, E�	 K+)7 (0��� �  ;3� �K�, �D-2 )12 ( �

E� �1 ����1 ;3� �K�,- 2 )18 ( �D+ 0
+ �+���/ � !� �=9A B�3) ���"�	� ̀����3� � ,�D �\��� ��K �:  

  

  

T T T
i 1 i j 1 i j 1

T T T
T T 2 i 2 i 2

T T T
i 1 i j 1 i j 1

T T T
2 i 2 i 2

A W B G W B G W 0

(t)0 W A W L C 0 W
2 (t) (t) 0

(t)A W B G W B G W 0

0 W A W L C 0 W

 − −
  ζ− +    ζ γ =    γ−λ − λ λ λ   

−λ + λ λ  

TTp c
j i ij ij ij ijT T

i j T
i 1 j 1 ij ij

(t)
V W

V(t) w m (t) (t)
V W (W W ) (t)

= =

ζ   ϒ + Γ + Ξ + Ξ + + λΞ     ≤ ζ γ    + + λΞ λ +   γ 

∑∑& %%

p c
T T

i j
i 1 j 1

(t)

w m (t) (t)     

(t)
= =

ζ 
  = ζ γ Θ  
 γ 

∑∑ %%

p c

i j ij
i 1 j 1

TT
j i ij ij ij ij

ij T
ij ij

w m

V W

V W (W W )

= =

Θ = Ω

  ϒ + Γ + Ξ + Ξ + + λΞ  Ω =
 + + λΞ λ + 

∑∑

T 2n 2n T 2n 2n T 2n 2n T 2n 2n
j j i i ij ij j j

1T 2n 2n m n n m T 2n 2n
i i j i

2

T n n T n n
1 1 2 2

 S S ,  Y Y ,  V V ,

W 0
,  N  ,X  , W W ,  W  

0 W

W W  , W W   ,       (i 1,2,..., p  ,  j 1,2,..,c)  , (c p)  

× × × ×

× × × ×

× ×

= ∈ ℜ = ∈ℜ = ∈ ℜ Ε = Ε ∈ℜ

 
Ι = Ι ∈ℜ ∈ ℜ ∈ℜ = ∈ℜ =  

 

= ∈ℜ = ∈ℜ = = ≤

T
i 1 i j i j

ij T
2 i i

A W B N B G

0 W A X C

 − −
Ξ =  − + 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            11 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 ����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

61 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

�� ��3<  �1LMI ��3� ����O �� ��K ���:  

  

  

�O �� �1: 

  

  

@�+ ��  B�3)���� �� 0H�A F���, �jG ���� � 0��� ��� �DiL  0
�� ��K B�3N�	 ���O:  

  

 

7- ��?$ ��h� ����  

 E����/ }M3	 ��u" ���+K ���" �O �� �1 ����*� �\� �� +� ��K ���+� B�3N� @�(	�� ���� 	+��/ �� �+��� z3G(	 E����/ c !�


(t)θ �K+��+ L��? 	 ���D  ����]16[:  

)40(  

  

 �O �� �1(t)θ  �E����/ }M3	 ���u" ���+Kg  ���P�5 v� �pm  �E����/ 7�5cM  ���+�+ 7�5p ca 1/ (m M )= + �L  E3<

 � E����/u(t)  �3"3�� f!A �� ��+�+ �� ��+� �����	 ���� .	 ��K B�3N� c !�
 ���� 	+��/ B+��u" ����6	 �����:  

 

 

��u 	 @ ,�D �\� �� �� ��K B�3N� 0H�A ���: 

 

	 0
�� ��K ���+� B�3N� 0H�A Bh��(	 ���O:  

 

)41( 

 

2
p

2
p

gsin( (t)) am L (t) sin(2 (t)) / 2 a cos( (t))u(t)
(t)

4L / 3 am Lcos ( (t))

θ − θ θ − θ
θ =

− θ

&
&&

p p min p max

c c min c max

m [m   m ] [2   3]  kg

M [M   M ] [8  1 6]  kg

2L 1  m

∈ =

∈ =
=

]1

2

x (t) (t) 5 /12   5 /12   (rad)

x (t) (t) [ 5   5]  (rad / s)

= θ ∈ − π π

= θ ∈ −&

1 12
p 2 1 11

22 22
p 11p 1

0 1 0
x (t) x (t)

g am Lx (t) cos(x (t)) a cos(x (t)) u(t)sin(x (t))
( ) 0x (t) x (t)

4L / 3 am Lcos (x (t))x (t)4L / 3 am Lcos (x (t))

   
      − −= +            −−   

&

&

ij ij j ij i

TT
j i ij ij ij ij

T
ij ij

V 0   V 0 ,  V 0

V W
0      (i 1,2,..., p  ,  j 1,2,..,c)  , (c p)  

V W (W W )

> + Ε > + Ι >

  ϒ + Γ + Ξ + Ξ + + λΞ   < = = ≤
 + + λΞ λ + 

Tp c
i 1 i j i j

j l lj j i l il i ij T
l 1 l 1 2 i i

A W B N B G
(V )  ,   (V )  ,   

0 W A X C= =

 − −
ϒ = σ + Ε Γ = φ + Ι Ξ =  − + 

∑ ∑

T
j j 1

T
i 2 i

G N W ,     j 1,2,...,c

L W X     ,   i 1,2,...,p

−

−

= =

= =

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            12 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 
����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 

 

Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

62 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

 Bh��(	 �� �53" ��)41 (u 	 � ,�D �\� �� ��K ���+� B�3N� �K�, �����	 ��3�:  

)42(  

 k�+�� �� �53" ��)1 ( �)9 ( �)42 ( E�	T-S c !�
)41 (	 0
�� ��O �1 �O ��:  

 

)43(  

  

 ���+� ��)43 (0H�A B+���u" ����6	 K+ k=, c !�
 ��K �� c !�
 ��>J" �+�� c !�
 (?+� ���  �� 0
+ ��� ���4 
+ �� ���

�K+��+ L��? �1 c !�
 E�+ 0H�A K+ ���" 0�3�: }�+3" Z��(" �+�� �1 H�A 	 ���D 	 ���4 
+ ���� �� �3� ��3<  f��=" �1

O 0
�� (?+� c !�
 K+ 2
��	�� . �� w3��	 @���/ � h�� 0�3�: }�+3"�3��? ��0��� � c !�
 E�	 �K�, �  E��5 B�3N� �D

	 � ,�D �\� �� ��K ��3�.  

E��5 1 :E�	 �� w3��	 0�3�: }�+3"  T-S z3G(	 E����/ 

@���/ 0�3�: }�+3" h�� 0�3�: }�+3" 

2
1

1 2
1 1

2
1

3 4
1 1

2
1

1 3
2 2

2
1

2 4
2 2

x

1.2
M M

x

0.25
M M

x

0.25
M M

x

1.5
M M

1 e

0.23e

0.5e

1 e

−

−

−

−

µ = µ = −

µ = µ =

µ = µ =

µ = µ = −

% %

% %

% %

% %

 

2
1

1 2
1 1

2
1

3 4
1 1

2
1

1 3
2 2

2
1

2 4
2 2

x

0.25
M M

x

1.2
M M

x

1.5
M M

x

0.25
M M

1 0.23e

e

e

1 0.5e

−

−

−

−

µ = µ = −

µ = µ =

µ = µ =

µ = µ = −

% %

% %

% %

% %

 

 �+��E� �1 ����1 	 � ,�D �\��� �K�, �3��? �� >�� E� �1 �� w3��	 �K�, ��u 	 �J��+ �� �1 �3�  }��" � �+3CH� B�3N� ����1

 0H�A ��u 	1x (t) �K+��+ L��? �1 	 ���D 	 � ,�D �\��� ����  ���? k�+�� �1 ��3< �� �3�1 ��1 ����O�� +� . 0�3�: }�+3"

 �� w3��	  @���/ � h��E� �1 ����1  �K�, ��u 	 �� �53" ��
2
1x

0.35 g (x(t)) e
−

α = � 1α = ��K B�3N�	 ����: 

  

 

 

�K� �h�� �A ����O 0
�� �+�� E� �1 � c !�
 E�	 �K�, ��� 	 ����1 0�3� �+3":  

 

2
p 2 1 1 1

1 2 12 2
1p 1 p 1

g am Lx (t) cos(x (t)) sin(x (t)) a cos(x (t))
f (x(t)) ( ) f (x (t))

x (t)4L / 3 am Lcos (x (t)) 4L / 3 am
  , 

Lcos (x (
 

t))

− −
= =

− −

1 2 3 4 1 3 2 4
1max 2max1min 2min

1min 1max 2min 2 max

1 2 3 4

0 1 00 1 0
A A ,   A A ,      B B ,   B B

f 0 ff 0 f

f 10.0078,   f 18.4800,   f 0.1765,   f 0.0261

C C C C C [1    0]

      
= = = = = = = =      

      
= = = − = −

= = = = =

2
1

1 1
1 1

2 2 1
1 1 1

x

0.35
1 1 1 1 1N N

2 1 1 2 1 1N N N

j j

m (x ) (x ) m (x ) e

m (x ) (x ) m (x ) 1 (x ) 

0.5

−
= µ = = µ =

= µ = = µ = − µ

β = β =

% %

% % %

j ji i
i j

m mw wx x
w   x(t) ,  m x(t)

x t x x t x

∂ ∂∂ ∂∂ ∂= × = = × =
∂ ∂ ∂ ∂ ∂ ∂

% %% %
&& %% & &

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            13 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 ����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

63 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

 �G��+ �� �53" ��iw%  �jm%  }��" k=,1x (t) 	 �K� Y �	 ������ E� �1 �K�, E�	 � c !�
 �K�, E�	 ���  0
�� ��K B�3N� ����1

	 ���O: 

 

  

�O �� �1: 

 

 

��u 	 B+���u" ����6	 �� �53" �� �J� � ��  0H�A ���1x (t)  �2x (t) �K� ��	K Y �	 �h�� �A  E�	 � c !�
 E�	 �K�, ���

E� �1 	 �2
�6	 ��K B�3N� ����1 ��3� :  

  

  

  

 ���? K+ ���4 
+ ��1 ���� ��0��� � 0H�A F���, �  0
�� ��K B�3) �� �D	 ���O:  

  

 

��2� s�� �  m
�/ ��K�
0H�A ���H�+ k�+�� 06" +� H� �1 E��*�
 � c !�
 ���K Z9 C	 �:  

  

 

 

7�5 �  Z9 C	 ���)��(	��( 

 

 	 ���� ��� .��2� �K�
 	 ���� ��  �1 ����E� �1 ����1  �3�A �� +� z3G(	 E����/ ����� c !�
 �3� ��7�5 �� Z9 C	 �

cM  �pm Z9 C	 ��H�+ k�+�� � 0��� � ���1 �+���/ 0H�A �3� �� �D  F� ��3�� �1 0
+ ��K @��C" +� c !�
 ���

E� �1 ����1 0��� �  7��=	 �D	 ����� . LG�)1 ( 0H�A m
�/1x (t)7�5 � ��H�+ k�+�� �+�� +� �O @��C" �  ���� Z9 C	 ���

	 	 �����	 �O �� �53" �� �1 ��� ��� ,+ c� ��� �� �2��=" �O @��C" � 0H�A m
�/ �3� 	 ���� �1 ��+ 0��� ���  �3� �� �D

j ji 1 i 1
i 1 j 1

1 1 1 1

   
m mw x w x

w   x (t) m x (t)
x t x x t x

,   
∂ ∂∂ ∂ ∂ ∂

= × = = × =
∂ ∂ ∂ ∂ ∂ ∂

% %% %
&& %% & &

1 1 1 1
1 1 2 3 4

2 2 2 2

4

1 2 2 2 3 2 4 2 2 i 2
i 1

x x x x
 x (w [0  1 ] w [0  1 ] w [0  1 ] w [0  1 ] )

x x x x

(w x w x w x w x ) x w x
=

       
= + + +       

       

= + + + = =∑

& % % % %

% % % % %

1 1 2 2

3 3 4 4

1 1 2 2

 w 30.99,             w 95.77

 w 7.80 ,              w 19.79

 m 14.25,              m 14.25  

≤ σ = ≤ σ =

≤ σ = ≤ σ =

≤ φ = ≤ φ =

& &% %

& &% %

& &% %

p p min c c min

p p max c c max

m m 2kg ,M M 8kg
 

m m 3kg,  M M 16kg

= = = =
 = = = =

T

T

T

T

X(0) [1.3     0]
(1) :             

X̂(0) [0    0]

X(0) [ 1.3     0]
(2) :              

X̂(0) [0    0]

 =


=

 = −


=

1 2

1 2 3 4

G [1217.5    552.1],  G =[1019.6    554.2]

94.6296 96.5089
L L ,L L

121.1620 130.1973

=

   = = = =   
   

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            14 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 
����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 

 

Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

64 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-1.5

-1

-0.5

0

0.5

1

1.5

time(sec)

x 1(r
ad

) 
an

d 
es

tim
at

io
n 

of
 x

1(r
ad

)

 

 

(1)- x
1
(x(0=[1.3  0]))

(1)- estimation of x
1
(x(0=[1.3 0]))

(2)- x
1
(x(0=[-1.3  0]))

(2)- estimation of x
1
(x(0=[-1.3 0]))

2

1

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
-1.5

-1

-0.5

0

0.5

1

1.5

time(sec)

er
ro

r

 

 

(1)-error between x1 & estimation of x
1
(x(0)=[1.3   0])

(2)error between x1 & estimation of x
1
(x(0)=[-1.3   0])

2

1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-3

-2

-1

0

1

2

3

time(sec)

x 2(r
ad

/s
) 

&
 e

st
im

at
io

n 
of

 x
2(r

ad
/s

)

 

 

(1)- x
2
 (x(0)=[1.3  0)]

(1)- estimation of x
2
 (x(0)=[1.3  0])

(2)- x
2
 (x(0)=[-1.3  0])

(2)- estimation of x
2
 (x(0)=[-1.3  0])

1

2

 0H�A1x (t) 0
+ ��K @��C" +� . LG�)2 ( 0H�A @�� @��C" ����1x (t)7�5 � ��H�+ k�+�� �+�� +� �O @��C" �  Z9 C	 ���

	 ���� 0
+ ��� L�	 �4) 0�
 �� ��	K @�� �1 �� �1 ���.  

 

  

  

  

  

  

  

  

  

  

  

  

 LG�)3 ( 0H�A m
�/2x (t)7�5 � ��H�+ k�+�� �+�� +� �O @��C" � 	 ���� Z9 C	 ��� 	 �����	 �O �� �53" �� �1 ���  �3�

0���  0H�A �3� �� �D2x (t) 0
+ ��K @��C" +� . LG�)4 ( 0H�A @�� @��C" ����2x (t) ��H�+ k�+�� �+�� +� �O @��C" �

7�5 � Z9 C	 ��� 	 ���� 0
+ ��� L�	 �4) 0�
 �� �1 ���.  

  

 

 

 

 

 

LG�1 : m
�/1x (t) ����=	 �+�� �O @��C" � cM 8= �pm 2= 

LG� 2 : @�� ����1x (t)  �+�� �O @��C" �cM 8= �pm 2= 

 LG�3  : m
�/2x (t) ����=	 �+�� �O @��C" �cM 8= �pm 2= 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            15 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 ����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

65 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-1

-0.5

0

0.5

1

time(sec)

er
ro

r

 

 

(1)- error between x
2
 & estimation of x

2
 (x(0)=[1.3  0])

(2)- error between x
2
 & estimation of x

2
 (x(0)=[-1.3  0])

2

1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-1500

-1000

-500

0

500

1000

1500

time(sec)

u(
t)

 

 

(1)- control signal for x(0)=[1.3  0]
(2)- control signal for x(0)=[-1.3  0]

1

2

 

 

 

 

 

 

 LG�)5 ( ����=	 �+�� H� �1 ��� E��*�
cM 8= �pm 2= 	 ���� +� Z9 C	 ��H�+ k�+�� � ���. 

  

  

  

  

 

  

  

E� �1 ��3� 7��=	 ��+� ���� �+�� 0��� � ����1  ��(	�� L��=	 �� �D)7�5 Z9 C	 ���(�K�
 ��2� � ����=	 �+�� ��cM 16= �

pm 3= 0
+ ��� 7�J�+ Z9 C	 ��H�+ k�+�� � . LG�)6 ( 0H�A m
�/1x (t)7�5 � ��H�+ k�+�� �+�� +� �O @��C" �  ���

	 ���� Z9 C	 	 �����	 �O �� �53" �� �1 ��� ��� ,+ c� ��� �� �2��=" �O @��C" � 0H�A m
�/ �3� 	 ���� �1 ��+  ���

0���  0H�A �3� �� �D1x (t) 0
+ ��K @��C" +� . LG�)7  (�� 0H�A @�� @��C" ��1x (t) ��H�+ k�+�� �+�� +� �O @��C" �

7�5 � 	 ���� Z9 C	 ��� 0
+ ��� L�	 �4) 0�
 �� ��	K @�� �1 �� �1 ���.  

 LG�)8 ( 0H�A m
�/2x (t)7�5 � ��H�+ k�+�� �+�� +� �O @��C" � 	 ���� Z9 C	 ��� 3" �� �1 ���	 �����	 �O �� �5  �3�

0���  0H�A �3� �� �D2x (t) 0
+ ��K @��C" +� . LG�)9 ( 0H�A @�� @��C" ����2x (t) ��H�+ k�+�� �+�� +� �O @��C" �

7�5 � 	 ���� Z9 C	 ��� 0
+ ��� L�	 �4) 0�
 �� �1 ���.  

 LG�4  : @�� ����2x (t)  �+�� �O @��C" �cM 8= �pm 2= 

 LG�5 : H� �1 E��*�
u(t) �+��cM 8= �pm 2= 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            16 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 
����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 

 

Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

66 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035
-1.5

-1

-0.5

0

0.5

1

1.5

time(sec)

er
ro

r

 

 

(1)-error between x1 & estimation of x
1
(x(0)=[1.3   0])

(2)error between x1 & estimation of x
1
(x(0)=[-1.3   0])

1

2

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-3

-2

-1

0

1

2

3

time(sec)

x 2(r
ad

/s
) 

an
d 

es
tim

at
io

n 
of

 x
2(r

ad
/s

)

 

 

(1)-x
2
(x(0)=[1.3   0])

(1)-estimation of x
2
(x(0)=[1.3   0])

(2)-x
2
(x(0)=[-1.3   0])

(2)-estimation of x
2
(x(0)=[-1.3   0])

1

2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-1.5

-1

-0.5

0

0.5

1

1.5

time(sec)

x 1(r
ad

) 
an

d 
es

tim
at

io
n 

of
 x

1(r
ad

)

 

 

(1)-x
1
(x(0)=[1.3 0])

(1)-estimation of x
1
(x(0)=[1.3  0])

(2)-x
1
(x(0)=[-1.3 0])

(2)-estimation of x
1
(x(0)=[-1.3  0])

1

2

LG� 6 : m
�/´µ�¶�  �+�� �O @��C" �·¸ = µ¹ �º¸ = » 

LG� 7 : @�� ����1x (t)  �+�� �O @��C" �cM 16= �
pm 3= 

 LG�8  : m
�/2x (t)  ����=	 �+�� �O @��C" �cM 16= �
pm 3= 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            17 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 ����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

67 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-1

-0.5

0

0.5

1

time(sec)

er
ro

r

 

 

(1)- error between x
2
 & estimation of x

2
 (x(0)=[1.3  0])

(2)- error between x
2
 & estimation of x

2
 (x(0)=[-1.3  0])

2

1

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-1500

-1000

-500

0

500

1000

1500

time(sec)

u(
t)

 

 

(1)- control signal for x(0)=[1.3  0]
(2)- control signal for x(0)=[-1.3  0]

2

1

 

  

  

  

  

 

 

 

 

 

 

 

 

 0H�A @��C" �G��+ ��53" �+��1x (t)  0H�A K+2x (t) 	 � �� 	 L�: ��K B�3N� ���� �3�:  

 

  

  ���+� �� �53" ��41 	 h�� k�+�� � 0�3� �+3":  

 

  0H�A @��C" ���� �G��+ �� �53" ��2x (t) ���+� B�3N�  0H�A @��C" ���� Y �	 f!A�� �+1x (t) 	 0
��  �G��+ � ��O

0H�A @��C" ����1x (t)	 �4) c1 9�� ��	K ��  ���+� �� �1 �� ��+3� D�>� �+�=	 ���: ��6H K+ �O Y �	 @������ �3�

 ���� �� w3��	2x (t)	 ���d �3� . 0H�A @��C" �J� � ��1x (t)  0H�A K+2x (t) 	 � �� ���� .  

8- ���D �b���  

 �K�, E�	 K+ ���4 
+ �� +� �+ �H�=	 @�+ �� T-S;3� �K�, Y��	 �-2 �9)�, E�	 �� �+ c !�
 �K�, �K�
  @�(	�� ����� ���

�� � �+��/ .E�	 �� E�	 @��� z�
+ �� `Q
  �K�
���0 �DE� �1 � �� ����1 �� � �+��/ �K�, ��� . K+ ���4 
+ �� �H�=	 @�+ ��

LG� 9 : @�� ����2x (t)  �+�� �O @��C" �cM 16= �pm 3= 

LG�10 : H� �1 E��*�
u(t)  �+��cM 16= �pm 3= 

1 1 1 1 1 1

2 2 2 2 2 2

ˆ ˆe x (t) x (t) e x (t) x (t)

ˆ ˆe x (t) x (t) e x (t) x (t)

= − → = −

= − → = −

&& &

&& &

2 1 1 2
ˆ ˆe e x (t) x (t)= + −&

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            18 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 
����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 

 

Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

68 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

��+K I	+��� 9: ��6	 ��g�? ��+�6
 ���� ��	�O  

 s�� � �K�, X3��/��H }��"0��� �c !�
 �K�, E�	 �� � 2	 E� �1 c !�
 �+�� ��+���/ >�H��O E� �1 � �D  ���? F� 06" ����1

���!	�� B�3N�  �� !��"�	 ���)LMI (�� ���� .[�� �e1+ ��  �+�� 	3�: X3��/��H }��" K+ ���4 
+ � �lD �� A+�< ���

 �K+3	 ��� }�K3" �K�
 �+�25 ��G��� � ��+���/ >�H��O)PDC (0
+ ��� ���4 
+ A+�< �+�� . �K�
 �+�25 ��G��� K+ ���4 
+

 �K+3	��� ��� }�K3")non-PDC (E� �1 ��� ���
 {:�� �� �� ����1 ��3< 	 b+�< �1  @��+3? L?+�A @ ,�D �\� �� �� ��+3"

E� �1 �+�� �K�, ��
O �K�
 ����/ �����1  ��G��� �� 02!� ��"PDC ���� � �+� .� �53" ����2� s�� � �  �����	 �K�


E� �1�� ����1 	 A+�< �� ��
 @�+ �� �1 �+ 	 7��=	 ��� ��
 �+�+� �3� ���� .0��� @��I�� ;3� �K�, �D-2 �9)�,  �+�� �+

0H�A ���(	�� Z9 C	 ����=	 	 @��C" �3� �� +� c !�
 ��� 0��� F� ��3�� �1��K 	 7��=	 �K�, �D ����. 

  

X#���  

 
[1]. K. Tanka, T. lkeda and H. 0. Wang, “Fuzzy Regulators and Fuzzy Observers: Relaxed 

Stability conditions and LMI based Design”, IEEE Transactions on Fuzzy Systems, 
vol. 6, no.2, pp.250-265, 1998. 

[2]. Chen, B.S., Teng, C.S., Uang, H.J. “Mixed 2H / H∞ fuzzy output feedback control 

design for nonlinear dynamic systems: an LMI approach”, IEEE Trans. Fuzzy Syst., 
vol 8, pp. 249-265, 2002. 

[3]. Liu, X., Zhang, Q. “New approaches to H∞ controller designs based on fuzzy observers 

for Takagi – Sugeno fuzzy systems via LMI”, Automatica, vol. 39 , pp. 1571-1582, 
2003. 

[4]. Lin, C., Wang, Q.G., Lee, T.H, “Improvement on observer- based H∞ control for T-S 

fuzzy systems”, Automatica, vol 41, pp. 1651-1656, 2005. 

[5]. Yoneyama, J., Nishikawa, M., Katayama, H., Ichikawa, A.: ‘Output stabilization of 
Takagi-Sugeno fuzzy systems’, Fuzzy Sets Syst, vol 111, pp. 253–266, 2000 

[6]. Ma, X.J., Sun, Z.Q., He, Y.Y. “Analysis and design of fuzzy controller and fuzzy 
observers”, IEEE Trans. Fuzzy Sys., vol 6, pp. 41-51, 2002. 

[7]. Teixeria, M.C.M., Assuncao, E., Avellar, R.G. “On relaxed LMI-based design for 
fuzzy regulators and fuzzy observers”, IEEE trans. Fuzzy Syst, vol 11, pp.613-623, 
2003. 

[8]. Tseng, C.S. “A novel approach to H∞ decentralized fuzzy-observer-based fuzzy control 

design for nonlinear interconnected systems”, IEEE Trans. Fuzzy Syst., vol 16, 2008. 

[9]. K. Tanaka, T. Hori, and H. O. Wang, “A multiple Lyapunov function approach to 
stabilization of fuzzy control systems”, IEEE Trans. Fuzzy Syst., vol 11, no. 4, pp.       
582-589, Aug. 2003. 

[10]. K. Tanaka, T.Hori and H.O.Wang, “A descriptor system approach to fuzzy control 
system design via fuzzy Lyapunov function”, IEEE Transactions on Fuzzy systems, 
vol.15, no.3, pp. 333-341, 2007. 

[11]. H. K. Lam, “Stability analysis of TCS fuzzy control systems using parameter- 
dependent Lyapunov function”, IET control theory & Applications, vol.3, no.6, pp. 
550-762, 2009. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

                            19 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html


 

 ����� �� ���	�
� ����� 
���	 �� ���� ����3 ����� �1 ��� !��"1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

69 
c !�
 ��+���/ >�H��O � A+�<  �K�, E�	 �� � 2	 E� �1 ���T-S ;3� - 2 �9)�, 0��� �3�A �� �+  ;3� �K�, ����D– 2 �9)�, �+�25 � �K�, X3��/��H }��" ��G��� �� �+ �K+3	 ��� ��� }�K3" �K�
  

 9: ��6	 ��g�? ��+�6
 ���� ��	�O��+K I	+���  

[12]. D.H.Lee, J.B.Park and Y.H.Joo, “A New Fuzzy Lyapunov function for relaxed 
stability condition of continuous – time Takagi-Sugeno Fuzzy Systems”, IEEE 
Transactions on Fuzzy Systems. vol 19. no.4, pp. 785-791, 2011. 

[13]. L. A. Mozeli, R.M Palhares, F.O.Souza and E.M.A.M.Mendes, “Reducing 
conservativeness in recent stability condition of T-S fuzzy systems”, Automation, 
vol.45, no.6, , pp.1580-1583, 2009. 

[14]. Tao Zhao, Jian Xiao, ye Li and YiXing Li, “A Fuzzy Lyapunov Function Approach to 
Stabilization of Interval Type-2 T-S Fuzzy Systems”, IEEE Control and Decision 
Conferences (CCDC)., pp.2234-2238, 2013. 

[15]. J.M. Mendel, R.I. John, and F.Liu, “ Interval type-2 fuzzy  logic systems made 
simple,” IEEE Trans. Fuzzy Syst., vol. 14, no.6, pp. 808-821, Dec. 2006. 

[16]. H. K. Lam and L. D. Seneviratne,” Stability analysis of interval type-2 fuzzy-model-
based- control systems,” IEEE Trans. Syst., Man, Cybern. B, Cybern. vol.38, no.3, pp. 
617-628, Jun.2008. 

[17]. H. K. Lam, M. Narimani, and L.d senevirtane, “ LMI-based stability conditions for 
interval type-2 fuzzy logic based control systems, “ in proc. IEEE Int. Conf. Fuzzy 
Syst.,  pp. 298-303, 2011. 

[18]. Lam, H.K.; Hongyi Li; Deters, C.; Secco, E.L.; Wurdemann, H.A.; Althoefer, K., 
“Control Design for Interval Type-2 Fuzzy Systems Under Imperfect Premise 
Matching”, Industrial Electronics, IEEE Transactions on , vol.61, no.2, pp.956-968, 
Feb. 2014. 

 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.2
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.s

ut
.a

c.
ir

 o
n 

20
25

-0
5-

17
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            20 / 20

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.2.2
http://journals.sut.ac.ir/jnsee/article-1-98-en.html
http://www.tcpdf.org

