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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 
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� 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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��+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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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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��+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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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 �� ���= 	 
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