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This study is concerned with the problem of output feedback fuzzy mixed 2H / H∞

tracking control design for nonlinear systems. The nonlinear system is represented by 
using the Takagi and Sugeno fuzzy model. A general and modified class of output-
feedback tracking controller structure is assumed in each local control law. Using parallel 

distributed compensation, a fuzzy controller is proposed which not only satisfies a H∞

tracking control constraint, but also optimally minimizes a 2H control performance 

measure. The results of the proposed approach lead to a trade-off between the required 
tracking control and the amount of applied energy of the control input. In this approach, 
the problem formulation and the method of finding the controller parameters involve 
linear matrix inequalities. One particular example is given to illustrate the effectiveness 

of the obtained results in comparison with H∞ -only approach from different perspectives.  
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H∞ �2H  Z�/�" �'�� D��0< �� �� �2H / H∞ G1��* ���/ �� �]�� B�( �� ..	( ��� ���2 	( �L�* 
I� �/ �;j!� ����

 ���%� �� 
0�4%"H∞ 
*�M( ���%� H� �2H �� .�1� 
� ����M 5�� ���%� �� w1��� ��A ��(�A2H   G��'�	  �p��( +
�/ �� �K��

G� �/ ��%I��� B�(�� �/ .	( �/P �� 9La .�1� 
� ��0� .I�? ��1�� Z�4%" �� m/ ���� �� @�� B�< �� 
I� �/ D�<78( L( ����/


� ���2 	(  m !�	 .I�?�(��� �� � 
:���" G�? B�< �� .�����G� �/ ��
� �(��- 
������!��� � 	� H� @? L( �� *�� m��%" ����/-


� .	�� 
���� �� � 
�� ��� �� � 
�� 
!��"�� ��
9�� � !�  �	1" 
��	O �� �/ ���O ��(5*(MATLAB  ���< @? @��A


�
� H�/ 
I� �/ m !�	 |(�8 �� ��%I��� B�( x�� � @N?�� .����� H� m�^�" �� �/ ��/���%� �� 
�L�  k��"��2H B�� 
I��%" �

�L�	 ��0� �� .����� �(�A�� ��� �(�4� B�( �� G1N? �(�� ��� ���2 	( �p��( � G10A @��A Z�4%" ���� �(5�� �r(�( ]�� B�( ��


  
0�/�" ���%� �� 
0�4%" G� �/ ��%I��� B�( �� ���2H / H∞L( ��� 
�(� �( .I�? �� b; E� ���
�FH∞  � ��� �!��4� ���"


� G10A @��A 
0�4%" ��3;�< ��  
��� 	� G�? B�< ��� 
I� �/ G��'�	 �p��( L( ����� ���2 	( �O @N?��.����  

 +E� �� ..	( ��� ]��'� ��L 9�* �� �I�4� B�(2G1��* �� �( �L�* �L�!I�� ���� 61� LT-S G� �/ �� ��	 
*�%� � ����/

 ��
���%� B *�F �^� �� �� �L�*H∞  �2H  
0�/�" ���%� �� ����� 
0�4%" �L�* 
I� �/ �;j!� @��/ ���� G1��* � ���� � ���F(�:�1��

2H / H∞ 
� � �(��-+E� �� .�1� 3 ���!��� � 	� H� � �/P �;j!� z	�- �����F�� �� �/ ��1� 
� �r(�( 
�� 
!��"�� ��


 +E� �� ���2 G� �/ .����� 
� 
���" u(1: �<1�K� �/ �K�O L( .���� 
� �L(1� ��� v�L1" �L�!�(�0: �� ��	 �(�(� ����/

���!��� ��' 	� H� @? L( �B3�� ��
 ����/ G� �/� 
�� 
!��"�� ��
 ����� �;j!� H� ���< @? �� �(1" 
� ���O 
� .	�

G� �/ �� �u�C� �L�	 +E� �� .��	� 
���� ����� ����/4 
0�/�" ���%� ���0� �� ��� �r(�( ]�� �2H / H∞ ��� �� �I�4� B�(

 
 �	 ]�� �� � �1� 
� �L�	 ��0� =13%� G����- 
�� ��� m !�	H∞ 
� ��	�4� ���" +E� .���F5  x�� � ���� v�: �� 5��

..	( ��� ��(� ��N �(  

2- �2!"� �
�� � ��* 

 m !�	 ��L L( �( �<1�K� �� 
�� ��� m !�	 H� ��3;�< b�&1" �(�� 1�F1	 � 
F�/�" �	1" ��� G�( 
�� 
;C�  ��

 G�� ���
 �� ���L �� � 	1�- 
3������ �L�* G��T-S  
�� 
;C� m !�	 ��L �
 ..	( ��� 
*�%� �L�* .�1s< v�(1"  `��8 L(

�F(  �1��A H���  vA(� ��- ) ���(� D�1& �� 
;C� m !�	��L �
 �(�� �L�!I�� B�( .�1� 
� b�&1" ��'�O1:���� 
�(  
 �1��A 
3������ +E�i :��' 	� 9(  

then, ∈r i rθ (t) δ… and∈1 i1θ (t) δ If 

i 1i 2ix(t) = A x(t) + B u(t) + B w(t),ɺ                                                (bI(-1) 

 �1��A 
:��� +E�i :��' 	� 9(  

then, ∈r i rθ (t) δ… and∈1 i1θ (t) δ If                                                                                                                     



 

 

40  

0�/�" ���%� �� 
0�4%" �L�* ����� G� �/ �(�� 
�� 
!��"�� ������!��� .*��
� H�2H / H∞  
F�/�" ���� !�	 �(��- 1�F1	 


���2&( 
A14? ��%	 � 
2	1� (�
L  

����� �����	�
� �
���� 	���� ��
 ���� ���� 8���� �� 1 � �� !��" � ����1400 

 

Journal of Nonlinear Systems in Elect. Eng. Vol.8, No.1 Spring and Summer 2021 
 

1i 2iy(t) = C x(t) + C v(t)                                                       (u-1) 

) �L�!I�� Da��%� ��1 �(ijδ  
�� 
;C� m !�	��L ..	( �L�* �<1�K� �'����
  �1��A vA(� �� 9(
 G�� 9(S-T 
� .����

1 rθ (t),...,θ (t) ��n �
�7/ ��
1  .�� !
 �L�*��(� ��) �1�( x( ) R nt ∈ �m !�	 .I�? �(���mu(t) R∈ �G� �/ ����� �(���
ww(t) R∈����C� ���(� �� m !�	 ����� �� G7 �( �(���ly(t) R∈ � m !�	 ��� ���F �L(��( 
:��� �(���v( ) Rvt ∈ 

����C� ���(� �� ���F �L(��( 5�1� �(���  .����� 
����!��"��n n
iA R ×∈�n m

1 iB R ×∈ �n w
2 iB R ×∈ �l n

1 iC R ×∈

l v
2 iC R 
 ∋×و;C� 
�� m !�	 ��L .I�? Da��%� ���!��"��
  9( ��n � � ����� 
�r .��/ 
� ���� (� �L�* B��(1A �(�%"  G��

T-S @��/ m !�	 ��� 
�� �� D�1& ) ���(�2( :�1� 
� ����  

)2-(bI(                                      1 2 ]∑
r

i i i i

i=1

x(t) = h (θ(t))[ A x(t)+ B u(t) + B w(t)ɺ               

)2-(u                                          1 2 ]∑
r

i i i

i=1

y(t) = h (θ(t))[C x(t)+C v(t)  

 Da��%� ��a��  

)3(

                     

≥ ∑∏
∑

r r
i

i ij j i i ir
i=1j=1

i
i=1

µ (θ(t))
µ (θ(t)) = δ (θ (t)) ,h (θ(t)) = , h (θ(t)) 0, h (θ(t)) = 1.

µ (θ(t))

                  

) 9�* ��  ��0� G�� H� (� �( �� �
0�4%" �L�* 
I� �/ �I�!� �� ���� �(�� G�?4:�1� 
� � *�F �^� �� (  

)4                                                                (r r r rx (t) = A x (t) + B r(t)ɺ       

   ��0� G�� ��n
rx (t) R∈ ���0� G�� .I�? �(��� _�%�n×n

rA R∈  � 
0��K� �(���- k��"�� H� �'����nr(t) R∈ ��0� �����

������L 
���" �(�� .���� 
� G�� B�( ��t 0≥�(��� �rx (t) .I�? �(��� �(�� ��0� ��!� H�x(t)  G��S-T  )2 G�0�� �(�� (


� ��K�( ��1�� Z�4%" ���
 ��  ��1�����%� �� 
0�4%" �L�* G� �/ �I�!� �K��( �� .��/H∞  :�1� 
� ������L 9�* ��  

)5                                          (≤∫ ∫
f ft t

T 2 T
r r

0 0

{[x(t) - x (t)] Q[x(t) - x (t)]}dt γ w (t)w(t)dtɶ ɶ   

 
)���%� ��5�(���  �(T T T Tw(t) = [w (t), v (t), r (t)]ɶ
:��� Da7 �( 
���" @��� �w(t)���F �L(��( 5�1�  ��
 �v(t) 5�� �

 G��'�	r(t).���� 
� �.	( ��0� m !�	 �� ����� G��'�	 ���
 �/Q  � B�%� ���� .0�� 
�L� k��"�� H�ft  G� �/ 
���� ���L

�γ  Z�4%" ���� ���%� 9�� ��� B��%" +�- L( b�%s" }�	H∞G� �/ �
I� �/ ��3;�< B��g �� @�� �(�� .���� 
� 
�� ����/

)6:�1� �
(1� ��L 9�* �� 
;C� 
�� m !�	��L �
 �� (  

 �1��A 
3������ +E�i :����/ G� �/ 9(  

                                                      
1 Premise Variables  
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0�4%" �L�* ����� G� �/ �(�� 
�� 
!��"�� ������!��� .*��
� H�2H / H∞  
F�/�" ���� !�	 �(��- 1�F1	 


2	1� (�
L 
���2&( 
A14? ��%	 �  

and, ∈r i rθ (t) δ… and∈1 i1θ (t) δ If 

then∈r rθ (t) δ j… and∈1 1θ (t) δ j If 

)6-   (bI(                                                ˆ i j i i

c c r cx(t) = A x(t) + F x (t), +B y(t)ɺ  

 �1��A 
:��� +E�i :����/ G� �/ 9(  

then, ∈r rθ (t) δ j… and∈1 1θ (t) δ j If 

)6-                             (u                                     ˆj

cu(t) = C x(t)                                                                 

G� �/) 
;C� ����/6��
��� ���C� � 
 �	 9�* �� �(.I�? �F- 9�"���g  ..!�� ��� ��
��� .I�? H���*i j i i i
c c c cA , B ,C , F

 �'���� 
���� ����/ G� �/ ��L�* .�1s< v�(1" B *�F �^� �� �� .�� !
 
0�4%" .I�? � (�� 
:��� H���* � *�� m��%" � 
;/ .I�?

����/ G� �/ 
���" �L�* Z�/�" D�1& �� �L(1� �� ��	 ��:�1� 
� �r(�( ��L 9�* �� 
;C� 
0�4%" ��
  

:����/ G� �/ �� ��	  

 )7      (

ˆ ˆ

ˆ











∑ ∑ ∑ ∑

∑

r r r r
i j i i

i j c i c r i c

i=1 j=1 i=1 i=1

r
j

j c

j=1

x(t) = h (θ(t))h (θ(t))[A x(t)]+ h (θ(t))[F x (t)]+ h (θ(t))[B y(t)]

u(t) = h (θ(t))[C x(t)],

i, j = 1, 2...,r.

ɺ

  
) 
I� �/ �1��A �F( G�?7 G�� �� (T-S )2) 9�* �� � !� �4;? m !�	 .I�? Da��%� ��1� G��<( (8:���O 
� .	�� (  

 )8                                                 (∑∑
r r

i j i j i

i=1 j=1

x(t) = h h {A x(t) + E w(t)}ɺ ɶ ɶɶ ɶ ɶ  

�O �� �/ 

ˆ

 
 
 
  r

x(t)

x(t) = x(t) ,

x (t)

ɶ

1

1

0 
 
 
 
 
 

j
i i c

i i j i
i j c j c c

r

A B C

A = B C A F ,

0 0 A

ɶ

 
 
 
 
  

2i

i
i c 2 j

r

B 0 0

E = 0 B C 0

0 0 B

ɶ

  


0�4%" G� �/ ���%� .����� 
�H∞)�� �/5) 9�* �� �� 
*�%�  (9:���� 
� ���� @��A 5�� (  

)9                       (≤∫ ∫ ∫
f f ft t t

T T 2 T
r r

0 0 0

{[x(t) - x (t)] Q[x(t) - x (t)]}dt = x (t)Qx(t)dt γ w (t)w(t)dtɶɶ ɶ ɶ ɶ  

  
�L� k��"�� �O �� �/Qɶ                 ��(��  
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,

 
 
 
  

Q 0 - Q

Q = 0 0 0

-Q 0 Q

ɶ  

..	(  

���%� �� 
0�4%" �L�* G� �/H∞�(��(�/ 
I� B�%��� � �(1EI� G��'�	 �
 ��{�" �/ ��/ 
� B��s" u(1: �1:� D�1& ��

w(t)ɶ   Z�4%" ���� �(��� ��� ��rx(t) - x (t)  
�L� k��"�� ��Q���2� �(�4� H� �(�� �γ  b�%s" � !� �4;? m !�	 ��

 .�1� mI G�?1  ���%� �� 
0�4%" �L�*  
I� �/ ��1j" �� ��(��� 	( �K� � H� �/H∞ :���F 
� �r(�( D�0{( ���� ����� 
�  

 P@1: ) 
I� �/ �1��A7���%� ��  
0�4%" �L�* 
I� �/ �1��A H� (H∞ B�%� .0�� k��"�� H��F( �.	(1Pɶ  �/ ���� � �(� �1:�

���!��� � 	� 
���"��) 
�� ��� 
!��"�� ��
10�(�� (, 1,2,...,i j r= .��/ ��&  

)10                                          (
 
 
  

T

1 i j i j 1 1 ii j

T 2

i 1

P A + A P + Q P E
Ω = < 0 ,

E P - γ I

ɶ ɶ ɶɶ ɶ ɶ ɶ
ɶ

ɶ ɶ
  

 :���(� ��'�O ����� � �(� �1:� 
!��"�� B��g �F(  

)11                                                (≤∫ ∫
f ft t

T 2 T

0 0

x (t)Qx(t)dt γ w (t)w(t)dtɶɶ ɶ ɶ ɶ  

.���F 
� �(�A��  

 ��?�1���!��� :��
 ) 
����� 
!��"��10 (� @�3� mI L( ���2 	( ��1�1  9�* ��)12(  �(��, 1,2,...,i j r= �L�	 G��%� 
�1��:�  

)12                                          (
1 1 1

1

 
 
 
 
  

T 1/2

i j i j i

i j T 2

i

T/2

P A + A P P E Q

Ω = E P - γ I 0 < 0 ,

Q 0 - I

ɶ ɶ ɶɶ ɶ ɶ ɶ

ɶ ɶ

ɶ
 

  

�'�	 �p��( �/ �K�O L(
0�4%" G� �/ ���%� �� 
I� �/ G�H∞  @A(�? �� @�� �(�� ���%� B�( B *�F �^� �� ��1� 
�� �
�~

����� L( ���2 	( �� �K�� Z�4%" ���� ��1��
I� �/ ��
u(t)   G��%" H� ��K�( �(�� .�1� 
� ���L �p��( �� � ��5� ���(� ��

 �(�� ]7" 5�� � Z�4%" ���� �L�	 ����/ �� ��/(�? ]7" B�� 
0!�G��'�	 L( ���2 	( �� �L�	 @A(�? � ���(� �� 
I� �/ ��


 
I� �/���%� ����L �p��(2H  ���5
���%� B�( .�1� 
� �*�M( 
0�4%" �L�* 
I� �/ �I�!� ��2H ) ���(� D�1& ��13:���F 
� ���� (  

)13                              (            , ∫
ft

T T

0

J(x u) = {x (t)Qx(t) + u (t)Ru(t)}dtɶ ɶɶ ɶ ɶ                       

B�%� .0�� 
�L� 9�� k��"�� Z	��� u�E �( �� 
0�4%" �L�* G� �/ �I�!� |(�8Rɶ .����C� G��<( �����A G��'�	 �p��( �� 
��


                                                      
1 Schur Complements 
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0�4%" �L�* ����� G� �/ �(�� 
�� 
!��"�� ������!��� .*��
� H�2H / H∞  
F�/�" ���� !�	 �(��- 1�F1	 


2	1� (�
L 
���2&( 
A14? ��%	 �  

 .�1� �
(1� Z�4%" ���� ��1�� @A(�? �� G1N? B�< �� ��� _�N� 
I� �/ mI G�?2  
I� �/ ��1j" �� ��(��� 	( �K� � H� �/

 ���%� ��  �L�*2H .���F 
� �r(�( D�0{( ���� ����� 
�  

 P@2: ) 
I� �/ �1��A7���%� �� �L�* 
I� �/ �1��A H� (2H B�%� .0�� k��"�� H��F( �.	(2Pɶ  
���"�� �/ ���� � �(� �1:�

 �(�� ��L 
����� 
!��"�� ������!���, 1,2,...,i j r= .��/ ��&  

)14                                         (i j T T

2 i j i j 2 j j∆ = P A + A P + H RH + Q < 0ɶ ɶ ɶ ɶɶ ɶ ɶ  

 �� �/��O  

0 0  
T

j
j CH = C . 

��?�2���!��� :��� ) 
����� 
!��"��14� @�3� mI L( ���2 	( �� (1 9�* �� �)15(     �(��, 1,2,...,i j r= 
� @��0" 1��:�  

)15                                             (
1 1

 
 
 
 
  

T T 1/2 1/2

i j i j j

i j 1/2

j

T/2

P A + A P H R Q

∆ = R H - I 0 < 0 ,

Q 0 - I

ɶ ɶ ɶɶ ɶ ɶ

ɶ

ɶ

   

 ��1� �� �.I�? B�( �����%� �L�* ���5
���%� v��"2H ) ��13( :m��(�  

, ≤ T
2J(x u) x (0)P x(0)ɶɶ ɶ ɶ 

 �L�* ���5
���%� v��" �(�� a�� �?2H  tE�� (� �( L( ��(1� L( ����!� �� ��I�( ��(�� �(�4� �/ �K�O L( .��(� 
' !� ��I�( ��(�� ��

) �a�� �? �.!��16�L�*���%� v��" �(�� (2H  :�1� 
� � *�F �^� ��  

)16                                                                  (, ≤ 2J(x u) Trace(P )ɶɶ                                                                                                                             

 ��2  ���%� �� 
0�4%" �L�* G� �/ �I�!� a�� mIH∞  ���5
 ��3;�< ���%� ��  �L�* G� �/ �2H .��( ��� � *�F �^� �� ���F(�: �1��

 
0�/�" ���%� ��(�( �� �@��/ 
0�4%" �L�* 
I� �/ ]�� H� �r(�( �1^�� �� G�?2H / H∞  ���� �L�* 
I� �/ �I�!� H� ZI�A ��

.�1� 
�  

 �@�"�1:"  ��� ��(� �(�4� H� �(��γ�"�� �1:� ��* �� � � B�%� .0�� k�1 2P = P = Pɶ ɶ ɶ ) �1�A �� ���5�
 �1�� �/12) �(15 (

G� �/ ���/ ��& ��� ����/ �� �K�� �/ ������ �( ����/Trace(P)ɶ�1� 
�".  

                      )17(                                    Min

subject to (12), (15), 0






>

ɶ
ɶ

ɶ
P

Trace(P)

P

                                           

 +E� ��3 ���!��� =�	( �� u�C� .*��
� H� �I�4� B�(
� �r(�( a�� �I�!� �� ����� z	�- B *�� �1^�� �� 
�� 
!��"�� ��
.�1�  

  

 	
��γ :����� 
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��J ����J ����`���* �� �S�J�- ���N� �� �S�FN-/ ∞2H H  

��nm1:  G�� �� m !�	S-T )2) ���0� G�� � (4 
0�4%" 
I� �/ ���%� �(��
 �� (H∞ )9 ���%� �� 
%��� ��3;�< � (2H

)13 B�%� .0�� ���!��"�� �F( .����'� �^� �� (� (R,S, X  ���!��"�� �i j i i i
c c c cA , B ,C , F���!��� �/ ����� � �(� �1:� ��


) 
�� 
!��"��21-18) �(27 ��� ��(� �(�4� H� �(�� (�(γ ) 
I� �/ �1��A ��'�O ����/ ����O��7 �L�* 
I� �/ �1��A H�  (

 
0�/�" ���%� �� 
0�4%"2H / H∞ G� �/ ��
� �(��- .�1� �
(1�) ����/7���!��� z	�- L( () 
�� 
!��"�� ��
21-18) �(27 (

) ���� G1��* L(�26 .��1� 
� B��%" (  

) 
�� 
!��"�� ������!���21-18:�� !
 ��L Z�"�" �� (  
)18                                                        (≤ ≤1 i rfor    <iψ 0  

 
 
 
 
 

i i i

11 12 13

i 2

ψ ψ ψ

ψ = * - γ I 0

* * - I
 

 :�O �� �/ 

1 1

1 1

 
 
 
 
  

i i T iiT
i i c i i c i c

i i i T i
11 i c i i c i c

T
r r

(A R + B C )+ (A R + B C ) A + A 0

ψ = * (SA + B C ) + (SA + B C ) F

* * A X + XA
 

  
  
  
  

      

1/2
2i

i i i 1/2
12 c 2i 13

1/2
r

B 0 0 RQ

ψ = S B C 0 ,ψ = Q .

0 0 B -XQ
 

 )19                                           (≤ ≠ ≤1 i j r for,  i i j ji2
ψ + Π + Π < 0

r -1
                                                        

:�/ 
��:

  
 
 
 
 
 
 

i j i j i j
11 12 13

i j 2

Π Π Π

Π = * - γ I 0

* * - I

  

��  

1 1

1 1

0 
 
 
 
  

j j T i jT
i i c i i c i c

i j i i T i
11 i c j i c j c

T
r r

(A R + B C ) + ( A R + B C ) A + A

Π = * (SA + B C ) + (SA + B C ) F

* * A X + XA  
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 
 
 
 
  

2i

i j i
c 2 j12

r

B 0 0

Π = S B C 0 ,

0 0 B

 
 
 
 
  

1/2

i j 1/2
13

1/2

RQ

Π = Q

-XQ  

)20                                                             (≤ ≤1 i r  for  ˆ <iψ 0  

ˆ

ˆ

 
 
 
 
 

i i i

11 12 13

i

ψ ψ ψ

ψ = * - I 0

* * - I

  

�/ 
��:  

ˆ 0

0

 
 
 
 
 

i T

c

i 1/2

12

C

ψ = R .ɶ 

ˆ ˆˆ <i i j j i2
ψ + Π + Π 0

r - 1
, for  ≤ ≠ ≤1 i j r                                                   (21) 

 

ˆ

ˆ ˆ 0

0

   
   
   
   

  

i j i j i j jT

11 12 13 c

i j i j 1/2

12

Π Π Π C

Π = * - I 0 , Π = R .

* * - I

ɶ 

:,�Sv� ���!��� � 	� (� �( ��) 
�� ��� 
!��"�� ��
12���!��� � 	� B�( �/ B�( �(�� G��%� w��� .��1� 
� � *�F �^� �� (  ��


 :�� !
 ���� @��A ��L 9�* �� � ����� �(�A�� 
�� ��� 
!��"��  

              




≤ ≠ ≤

i i

i i i j j i

Ω < 0, i = 1,2, ...,r

2
Ω + Ω + Ω < 0, 1 i j r

r - 1                  

 (22) 

) 
�� ��� 
!��"�� ������!��� G�( � 	� �� G�?22:�1� 
� � �(��- ( 

i iΩ < 0, i = 1, 2, ...,r, 

���!��� � 	� B�( �1C� �� 
 !��� ��
���!��"�� (� �( �� .��1� @��0" 
�� 9�* �� 
�� ��� 
!��"��Pɶ  �-1Pɶ    ��L D�1& ��


� ���� m�!4" :����F 

   
   

∈   
      

T -1 T n×n

r

r

S N 0 R M 0

P = N V 0 , P = M U 0 , R,S,M, N, P , X R

0 0 P 0 0 X

ɶ ɶ          (23) 
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 ����!" L( .�!A B�( ��1PP I− =ɶ ɶ :���O 
� .	� �� ��L ��(��  

T

rMN = I - RS, P X = I.                                                              (24) 


� ���� Z�"�"��L �( ��	(� k��"�� �� G�?:��1�  

   
   
   
      

T T

1 2 1 2

R I 0 I S 0

φ = M 0 0 , φ = 0 N 0 , Pφ = φ

0 0 X 0 0 I

ɶ                                        (25)  

) 
I� �/ ��
 ��n � L( ���: �<1�K� H� �26:����F 
� b��%" (  









i j i j T ij T
c i c j i c c

i i
c c

i i T
c c

i i
c c

A = SA R + NB C R + SB C M + NA M

B = NB

C = C M

F = NF X

                                   (26)  

) ����/ G� �/ 9�* �� }��& ��
��n � B�5'��: vA(� �� a�� 
3�/ 
��M ��
��n �7�( .�� !
 ( H� �
3�/ ��
��n � b��%" B

���!��� @��0" �� ���;/ +4����!��� 9�* �� 
�� ��� 
!��"�� ��
.��(� 
�� 
!��"�� ��
  

���!����F( G�? 
�� ��� 
!��"�� ��
i iΩ < 0 �� .	(� _�8 L(1 1T = diag{φ , I, I} ��  �g _�8 L(�T
1Tu�M  ��1�

) ���: ��
��n � � 	� L( kQ	 �26���!��� �� ��'�O �����F B�5'��: �O �� � � *�F ���� () 
�� 
!��"�� ��
18 m�
(1� (


� ����� B��
 ���F ��3� �� .��	����!��� � 	� �(1" 
����� 
!��"�� ��
  

≤ ≠ ≤i i i j j i2
Ω + Ω + Ω < 0, 1 i j r,

r - 1
  

 
����� 
!��"�� ������!��� � 	�  �  





≤ ≠ ≤

i i

i i i j ji

∆ < 0,i = 1,2, ...,r ,

2
∆ + ∆ + ∆ < 0, 1 i j r,

r -1

  

 ) 
�� 
!��"�� ������!��� � 	� �� (�21-20.�1�� @��0"(  

k��"�� �/ �K�O L(Pɶ  
�� 
!��"�� ������!��� �<1�K� �� 5�� ��L 
�� ���!��� ���(� �.	( ��� ��* B�%� .0��)21-18( 

 .�� �
(1� �*�M(  

)27                                                ( 

 
 
 
  

T T

1 1 1 2

R I 0

φ Pφ = φ φ = I S 0 > 0,

0 0 X

ɶ       
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21-18) � (27 ������  u(1: �(�(� (k��"�� ��1� 91;%� �� ��


 B�%� .0��R,S,X  ����O .	�� �2 k��"��M, N )���(� L(24k��"�� B �(� ��� �( �� �� � (��
i j i i i
c c c cA , B ,C , F �

��
� �(��- }��& ) ����/ G� �/ ��I�(7( 
�%�i j i i i
c c c cA , B ,C , F ) ���(� L( � 3� �1��26
� @&�? (���F.� ��   ��sA D�0{( ���/ B�(

.�	� 
� 9��"( ��   

���!��� � 	� a�� ��sA �� �/ .	( �/P �� 9La 
�� 
!��"�� ��
)19-18(  
I� �/ ��A ��(�A�� �� w1��� �L�* 
0�4%"H∞)9 (

 
�� 
!��"�� ������!��� � 	� �)21-20( 
%��� ��3;�< �� w1��� �L�*  ���%� ��2H )41.�� !
 (  

��?�3 :  �;j!�1  +E� ��2) ���(� �	1" �/17 ���� @��A ��L 9�* �� �;j!� B�( G�? .����'� �^� �� ������ (� ��1� ��� b��%"  (

:.	(  

 �2!"�2 :" ��� ��(� �(5�� H� �(��γ ��sA �� u(1: �1:� ��* �� � �1 ����!��� ��(�A��)
�� 
!��"�� ��
21-18) �(27 �(

����/ G� �/ ��� ����/ �� �K�� �/ ������ �(Trace(P)ɶ.�1�"   

k��"�� ��n � �(�4� ��  ���� G1��* B�(�� �L�	 ����� �I�!� B�( @? �(�� �/ �K�O L(Pɶ ��%" �� L���  �m��(�� 
	� 	� H� b

.�1� ���� u�C� 9�* ��a�� �L�	 ����� �I�!� �/ �1� 
� �<�� k��"�� B�( ..�(� m�
(1� B�5'��: ���:  
3�/ k��"��  

 
 
  

Z P
> 0.

P P

ɶ

ɶ ɶ
 

�� .	(� _�8 L( (� 
�� 
!��"�� ���!��� B�( �F(2 1T = diag{I,φ }�� �g _�8 L( �) T

2T( :.�(� m�
(1� �m��/ u�M  

  
  
  
  

  
  
  
  
    

T

I S 0

Z 0 N 0

0 0 I
> 0.

R I 0

* I S 0

0 0 X                          

 

 :b��%" �� Z	��� `4C" H�-1M = R -S , N = -S .���F 
� @&�?  

  
  
  
   
 

  
  
  
    

I S 0

Z 0 - S 0

0 0 I
> 0.

R I 0

* I S 0

0 0 X

(28)    
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���� ���� G1��* �K� � ��2���!��� =�	( �� ���� G1��* H� D�1& �� � ��
 �L�	 ����� �I�!� H� � 
�� 
!��"��

:�� �
(1� b��%" u�C�  

�@�"�3 :" ��� ��(� �(5�� H� �(��γ ��sA �� u(1: �1:� ��* �� � �1 ) 
�� 
!��"�� ������!��� ��(�A�� �21-18 �(

)27)�(28  ��� ����/ �� �K�� �/ ������ �( ����/ G� �/ �(Trace(Z)�1�".  

 �I�!� z	�- Z�"�" B���3 ) D�1& ��29
� .	�� (                                                                                                                         :��O                                                            

)29(                                                               
For a given 

Min

subject to (18 21), (27), (28)

Z






−

γ

Trace( )   

) �L�	 ����� �I�!�29..	( u�C� �L�	 ����� �I�!� H� �(  

��?�4: ) �L�	 ����� �I�!� z	�- 
���� ���� �� �F(29�(�4� B�� �/ �� (γ 
0�/�" 
I� �/ ���%� ��2H / H∞ �m��/ (��- .	�

 �L�	 m����� �(�� 1K !: B�( ��� E0�1� .�1� 
� @&�? 
0�4%" G� �/ .I�? B�� ��γ  ���	 G(�� �� ��(1 �� 5�� u(1: �� �(

) �;j!� 
 !��� �.I�? B�( �� .�	��29( �(�4� H� L( (� ( ��I�γ  ) ���(�  �FO .��/ 6���29 �'�� D��0< �� �� ���1� u(1: �(�(� (

 �(�4� ��'�O ����� � �(� �1:� �O �~�� � ����� G� �/γ @? (� �I�!� ������ � (m��/ 
� bN� (� �O ��1�� �1��) ��(� +
�/ �(�

 �"���� B�( .m��/ 
��(�4� B�� �/ �� �/ �1� 
� ��(� ��(�( �K�Oγ   G� �/ �I�!� 
���� ����� u(1: �� .I�? B�( �� .m�	�� B3��
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0�4%" �L�*2H / H∞   .��	� m�
(1�  

 ��?�5 :  �(�� .*��
� ���/ @��/G� �/ 
?(�8 �����/� ����� �(�� ��F���� .I�? �� 
0�4%" ���� ����	� �2& �� �(�� ��


DC � � !�( ��
� �(��- � 	� H�
*�%�  
���1� . H�  _�
��
� ��(����F���� .I�? �� Z�4%" ���� ��� �2&   L( � 	� B�(

D��0< ..	 �������  �^� �� ��L � *�F
� �1�:  

                                                                    

k

t r k

x (t)
= 1, for k = 1,...,n

x (t)lim
→∞

. 

)30(                                                                                                                                         

 ���(� ��)30( kx (t) �r kx (t)   �2I1�  _�%� Z�"�" ��k-m !�	 .I�? �(��� 9()1( ��0� m !�	 .I�?�(����)4(  ���(� .����� 
�

)30 (.	( ���L �L1? ���  D�1& �� k��/�* �L1? �� �O �'�� ����) ���(�31( :�1� �
(1�  

)31(                                                k

r ks 0

X (s)
= 1, for k = 1,..., n
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