
��'S �!�  

 ���

 �:�

 ���I
 ���5�

� T���
 / �V5
 / �V5
���# .

� �

A

Abstr
aprroa
main 
purely
no ne
the sy
of the
and th
A con
the pr
actuat

 
Keyw
Matri

C� . �V5 �/�?
 ��� / ��:��.
 �! ��(
 �?��
 ���� �� ���'� 

 

�6���@� ���'5 ��0	, ��NA�

��� 5���: �

m 

khosrow 


�	!� �N�!/� �� �����
�7� �� �I� �6��
 R!

�� ���� �o��� ��:!/
� H��I
 $�*�� / �
5  ���I� �� �V5 �
5 �'�� �� �> ��:

LMI (# �
   �!���

LM(�:�
�	!� �N�!/� �

A Fault Es

M 
ract: In this pap
ach utilizes the 
advantage of the
y as a robust con
ed to reconfigur

ystem which mak
e system states a
he performance o
nstructive algori
roposed control 
tor faults. 

words: Fault Tol
x Inequality (LM

�� ��"�# ���L ���NA
�
 . C"� O.�? ���'�

�5 ��> �?��5 �! �'
�
 �%�	!>�" ��5�

�   

L� ��*?� / ���	
 ����!� K- ��

 �*��J��:

$�2  

m_pezeshkian@

wjerdi@sut.ac.

2/11/1388(  

FTC  (����  �? �	�7

�:�
�	!� �N�!/� �� 

�
 T���� ���? ./� ��
�9
�(
 �� ��� ����
�0?�� ���	
 �'��L �
:��. C"� �� Y��
 ��

 �V5 ��!���
 $)I
�'� �
 ���� �.  

�V5 ��!���
 $)MI

stimation-

Mahdi Pezes
per, an active ap
idea of dynamic
e dynamical obs
ntrol problem. In
ration of the con
kes the proposed
and estimated fa
of the closed loo
thm based on L
scheme has be

erant Controller
MI), Dynamical 

A%/B+ / C0	, �B!
T���� ��	) H 
 �!�%

���# � .'�	� �0VL
�� $�*�� �?��5 / 

��
13 �(�, ���-�


����	9
 ����� ����	
 ���

J 

F �%
�%� �

���/��5 ��'�

 �*!�7�@sut.ac.ir

*!�7� �	9� ��0	 �ir

 �6�&
 e�!z+ u!�5

 �V5 �!z+ R�(� )C

������� ���. C!*

� �7��
 $�/�;��W
� �� $�V5 R�(� �

C�� ����'5 .��	U�%
���? �&�� T���� $�

FT $/��
��  �? �	�7

��A� Z��� ��9) �	!

I$/��
�� ��V5 ]�

-based App
Contro  

hkian, Moha
pproach for desi
cal observer for 
server is looking
n this proposed 

ntroller to accom
d approach prac

aults and is desig
op system in an a

Linear Matrix Ine
een verified by 

r (FTC), Fault R
Observer. 

!/ ��'� ��'
 �

H��I
 $�*�� ��

!�+�� O.�?�> $���
�> ��:��. C"�

 ���: �@��
 �����4 �����
� 388

�


%� G#6H� 
K6B� ��L�

���:�1� ��(
 �

 ��NA�� �	9� ��0	,
��� �`�? ��	, ��NA

 �6�&
25/7/1388�� �

��		
 ���	
 ����S
���# �
 �!��� �9 .


W �!�*"� �? ���� �/�
�! / ���7� C9� �>
5�? ���. $��� ��
���!�+ ����� ��; 

 ����S  C9�TC

!>�" $/�  ��� �!���

IA� ��V5 ���I� ��V

proach to 
oller Desig
ammad Java
igning Fault Tol
simultaneous e

g at the simultane
approach, the c

mmodate or comp
ctical for real sys
gned to keep the
acceptable level 
equality (LMI) i
the simulation o

Reconstruction, F

T����  $�%
 C�� ���

 ���3� �

�	 ���7� �

 $�9
�*+

 ���� �� ���	
 A���
 ���	
��	9
 ��:A���
)
 C"�!�� u!���

S C9� ��0" ��:!/
 �)T���� (9�6�� /

�? G/�&
 ���	
 �6��

��:�+ � > ���?/� $�	?

��+ �'F	
 �? $� �F�
�
 ����S �
 �'�

� ��"�! ���5�� T�!�'
� e/� �!���
 �$��

V5 �!z+ R�(� ��		


Active Fa
gn
ad Khosrowj
lerant Controlle
stimation of sys
eous estimation 
ontroller has a f
pensate the effec
stems. The contr
e closed loop sys

in the presence 
is presented for 
on the four-tank

Fault Detection a

���U�+ /  � ��� ��
�.';'
 �!���9
 ��

E :$���/��5 ��'� ��(


��$� ,�I�!�

1 ��	���

2 ��!����� �
 �/�#

 �6�&
 �!� ��/� Z!
��(
 $�V5 ��
*�%


 Z! R� �? �9�6�� 
 C? �? $���� / C��

�-
 R?�L �#��� �� 
��'N? / C��  T S $�

 'N6� Z! C!�9���
�� ��7�  ��k
 Z! [

 ��#@: � :	
 ���	


ault Tolera

erdi
r (FTC) is prop

stem states and 
of system states

fixed structure a
ct of the faults o
rol law is a linea
stem asymptotic
of faults and dis
FTC design. Th

k process subjec

and Isolation (FD

$^'6'	:� C"�A�+ 
T���� ��'N	!� � � �%

 

E�7��:
 ��� ��9. ��	�!'�

� ��

  
5�#IQ :�

% ���I� C9�
/ �V5 ��
*�%
?�� ��		
 ���	


��� �z6 / ���?
T���� $�9�6��
���# e�A�W�.

[6�L �� ��	U�%

5c�! ���

ant

posed. This 
faults. The 
s and faults 
and there is 
occurred in 
ar function 
cally stable 
sturbances. 
he merit of 
cted to the 

DI), Linear 

 
�

1- �����  
�? ��5� $�96�� ��

��	��S� C��?�L ��6��

 

��	




38   ���	
 ����S C9� ��0" ��:!/� Z! �o�����		
 �V5 �!z+ R�(� $�%  
$���/��5 ��'� ��(
 � ���:�*+ $�9
  

 

Journal of Control,  Vol. 3,  No. 4, Winter 2010  ��� ����	
 ���
3 ����� �4 ����
� �1388  

 

T���� �� �V5 �/�? R
�'. �	!> v��� �? ���	
 $�% . ����S ��/�
�
��		
 ���	
  ���� ]�IA� T���� �� �� �%�V5 �!� �	��'�? �
 �!�%

)�V5 ]�IA�1 (]2-1[ �VX5 �!� �'�� �� /   ��:X��. / $���!�X+ �%
 �X		X
 ��� �� T���� v'�XV
)�V5 R�(�2 ( ��'� �'��
 ��

C�� ��"�# ���L ���NA%/B+ . ��-V,� �% ��		
 ���	
 ��'# �!�
�V5  �!z+ R�(� $�% ��		
 ���	X
�3 ��@�5� �? �! /� FTC  ���
��

�
 ��'�] 3[ .  
      � $�%��
 �? �0���
 �? m'� /� ��5� $�96�� �S ��"�# G���

  ����S C9� �� E/���
 ��:!/�FTC  �
 �'�� ��%�A
 ��'�  :  / ��0"
��0"��W .  

�
 �%��:!/� �!� �/�
  $��?  �? ��'�]4-3[ ��
 �0���
 . ��
  �� �
 �U�> ��F� ��0"��W $�9�/�]9-5[ T���� $��?  �V5 $�%
V5 ���� ��� e��*# ��
� �? �!z+�����2� $�% �	�0
�� E�'@? �"�, �%�

 ����S  / ��'� �
  ��"�# �F� �� ���5�� �/�? �! ��"�!���5��FTC 
 �
 E�', ��������� G/�&
 ���	
 �6��
 Z!  R� [6�L �� ���&��


e/� �> R� $��? �
 ��!z+ ��� ��5�	� $�%  ���� �'�/ $�]10[  .
��
 �F"�(
 �� �!�% ��		
 ���	
 ��	) H0; �!�� ���.  �9�> ��'?
����+ ��		
 ���	
 C?�� ���5�� �? ��'� �? ��� �9? �6/ C��  �9�> $���

C��� ����'5�? ����	) �#��U�+ �� .e/� R?�&
��  �? �	�7
 ��0" $�%
�
 �V5 ]�IA� �	��? .�� �
 G'9�
 �!�?����	
 m'� �!� ��		
  ��%

$/� �'V? T���� �� �6����� $�%�V5- ��� ���� ]X�IXAX� J5  /
��X�	X
 $�%��X
���+ ��%�V5 �!� ���7X� $��?  ��X		X
)���	
 �'��L �! ( �?

��'� �
 �/� .e/� �? ��!�&
 �� e/� ���0"��W $�%  �? ���� ��0" $�%
����+ C9� $��A�? ���7��(
 ��'�  �9�> $��
 �F"�(
 �6/ ����� $���

C�� ���
 .  
          ����S �� ��0" $�%��:!/� �� �:!FTC  ���I�  �? �	�7


���	
 ����S �� �> �� ������� / �V5 �
 �V5 ���7� C9� ��		
 ���? .
 ��:�+ �? ���� G�. / �#��� ��  ��'� �
 �� ��:!/� �!� ]5�� �#B!/
 ��5� $�96�� �� ��(6 �!�? / C���� ��		
 ���	
 ���?/� $�	?

e/� � *�� ��	U�% / C�� ��� �o��� �> $��? $��0�
 $�F� $�% �
���� ���L ���NA%/B+ ��'� �'��
  .�
 ��k
 ��'	. �? e/� �? ��'�  $�%

��5�	��� $�/�/ �? �N�!/� �? �	�7
 ����S4 ]13-11[ �� ������� �
��*26 �
 �N�!/�5 ]15-14[  $�����? C9� �V5 �N�!/� �� ������� �

  
1 Fault Detection 
2 Fault Tolerant 
3 Fault Tolerant Control ( FTC ) 
4 Unknown Input Observer ( UIO ) 
5 Sliding Mode Observer 

  �'�	� $�V5]17-16[T���� ��!� �� ������� �  ���,'� $�%]19-18[ 
�����'�� � . ��]17[  /]20[  $�V5 ���7� C9� $���
 �'�	� ��!� ��

C�� ��� ������� �'�	� . / �'�	� $�V5 ���I� �? �
 E�', �!�?
������ ��/�5 �� �> ���
 T
  �/�? $���
 �'�	� Z! ���� $��#

 $�/�/ ��6'� C9� ��'� �
 �> ��  �
 C��� T�%�'5 ����5� ��  �V5
�'�� ������� ���	
 .�� ]21[  ��	N�� J5 $/� ]�@I� ��!� ��

�6��	
6  C�� ��� ������� ��(
 $�V5 ���7� C9�.  
      ����S �	�
� �� ��"�# G���� $�%��
 �
��� �� �6�&
 �!� ��

FTC ��> $��� ���7� / �V5 ���I� �? �	�7
   $��? ��/���
 ��:!/�
�
 �o��� �'F	
 �!� ���# . R:�1  �� �6�&
 �F� ��'
 G��#�!� �'�?

 ����S C9�FTC �
 ��A� �%�  . �������  e/� �!� ]5�� �#B!/
 �:�
�	!� �NX�X!/� ��!� ��]22[   / �9�X6�� ��
*�% ��X�IX�  C9�

�
 T���� �7��
 $�/�;��W �!�*"� �? ���� �/�? �V5 $�����? ���? .
 �!� �?  C�� �#�7�'�6 �6'�0
 �N�!/� ��"�! T��0� ��:�
�	!� �N�!/�

C�� �:�
�	!� ��9? Z! ��> ��9? �
 E/��� . $���> ���� �� ������� �?
 �6�X�
 �0�7S ��/� Z! �� ��'� �
 �:X�
�	X!� �NX�X!/� �� �'�'
" 

 �V5 $�����? / �9�6�� ��
*�% ���I�"  Z! R� �? ��"	
 �6��
���" 
�'�� R!�7� .��:�+ �? $���� e/� �!� �� ��	U�%  ���
 $�	?

���	
  $�*�� �� ��� ���� �� $�V5 R�(� �! / ���7� C9� ��		

��� T���� H��I
  / ���? $�9�6�� ���I� �� �V5 �0?�� ���	
 �'��L

��'N? / C�� ��� $�����? $�V5 / T���� �
 ����S $�  �
 �'�
��� ��:��. / $���!�+ ��� e�A�W� / �V5 �'�� �� ���? �&�� T�

�'� . ����S �	!>�" �!� T�%�'5 �:��	)FTC  T�!�'N6� Z! [6�L ��
 �V5 ��!���
 $/��
�X� �? �	�7
 ��"�! ���5��)LMI ( �����?  �


��*"� G�� J�'� MATLAB   �
 E�', C�� $��� ����+ R?�L
��!z+.  

         �� �
 C�� �
{ ��!��]19[ 5�� *�� R:� ��F� �9?�A
 ���1 
 ����S C9�FTC T���� �� �,�5 f-
 $��?  �o��� ���,'� $�%

����S ��  ��(
 $�V5 ���I� �� �
 C�� ��� ���	
  ������� ��		

�
 �	
 . �� E/���
 �6�&
 �!� �� ��� �!��� ��:!/� �
�]19[ C�� . e/�

 �� ��� �!���]19[ ! �� �V5 K�A
 �
 C�� �7�0
 ���', �� �7��
 Z
���? �/�(
 ]IA
  . �V5 ���(
 $�V5 $�����? C9� ��" �!� �?

C6�� ��'	. �? �> E�&�A
 /  ��/*"� ��6/� T���� $�9�6�� �? �!�� $�%
 �N�!/� Z! �!�� ��� ��/*"� T���� $��? C!�9� �� / ����# �


C6�� ���'�? �
 �'� �
 ����S  ���I� ��
*�%  �� �%�V5 / T���� $�%

  
6 On-line Control Allocation 



39 
  

Journal of

x Ax
y Cx
�
�

�
�



�
  

u8   $�/�/

f 8  $�%�V5

d R8  �N���?

�
 $��# ���? .
 �	��% [��	
 .

  ��!z+ C!/�

 �� ��,� q�%
 �:�
�	!� T���

f̂  [����? �

�!�� . C6�� ��

 �!� E�'@? �

ˆ:
ˆ

vx

V x Q

f R

� �
�� ��
�

��


�

  

M�1N�2N�

 ����S �!�? / 
 �!� E�', �?

�


�
�
�

�
��

xCy
xAx
ˆˆ
ˆ�̂

  

 ���	
 $�/�/ 

"LK y) �  

 ���
�� �N�!/� 

:LK �  /
   �!� E�'@?

f Control,  Vol. 3,  No

Bu Ff
v

� � �
�

  �T���� $mR8

  ���� $��#qR8

  � T���� $KR

v R8 ������ *!'� #
F/E ��0?� $����

��  ��!z+" #,A C

 �	��.  
% �C�� ��� ���� ��
��� Z! ����S ��%

  $�96�	N��x̂  /f

�� ��6'�  �� �	��? �
��'� �
 �� `'" �:�


1

1 2

1 2

vMx N u

Q x Q yv
R x R yv

� � �

�

�

 C?�� $�% i!�M

�	��% [��	
 ��0?
 T���� $��? )1  (?

               �Bu )

 �� �x  /) Z!
�
 C��? �!  �!>:  

                #ˆy y�

LK�:�
�	!� ��9? �

" , , ,L L LA B C D

�V?�� C6��   $)4(

�V5 �!z+ R�(  

o. 4, Winter 2010 

 Ed

nx R8 $�9�6��

y # ������ ��/�5

$�*�� �! / ��

��5�	��� $   (/PR

  A �B�C �F

 ��	
" #,A B��	

�? ��'�� R
�
 �7��
 

 R:� �� �:!�1 �A�
C6�� / �V5 ��
*� %

  e���u  /y�   �
 x $�V5 /f  �



�	!� T���� C6�� $

              
2N y�

vx 8 �
 ���? .���


1R  /2R � $����
�:�
�	!� �N�!/� Z

        

ˆ nx R8 �	��I�
� !� �V?�� �� �
 �'�

         

R!�7� Y?�� i!��L

 ��	
 #LD

$��" K&(� ��N�>

��		
 ���	
 � (� $�%
$���/��5   

)1(    

 �> �� �


 ����	
py R8

�(
 �� �6�����

e�A�W�)$�9!�/�/
i!���
 C?�� $�%


 ��" ��	U�%
F  /B $����

        �'V���%
�% �N�!/� ����S

�
 ��+ �? �
 ���?
C6�� �� �	��I�

$��" K&(� ���

C"�#  �F� ��.  

)2(             

 �
vnR8

1Q    �2Q �1

��'� .Z! ���5��
���? �
.  

)3(   

  �> �� �

�
 v'�(
 �!��

)4(   

�
 �> �� �


�
 �'� .��"
ˆy y� � �> �

C��:  

����S C9� ��0" ��:
��'� ��(
 � ���:�*

 �F� �� T
 �!�*"� �V
 �? ���� �/
 ���+ �!�

   E�', q
 ���� �
 *��  T����
 ��(6 �!�
 T�	+ R@

  
FT(  

 2  ��/�
 �N�!/� �
 e�A�W� q
 C6�� Z
 ����S �
 ��� �!���

�  $�9!���
 �!�%��9	A


  ��  
 ��
*�% �
���# �
 .
 �!��N?  :  

:!/� Z! �o��� / �V5 
*+ $�9


T���� $�9�6�� �� �A
V5 C�%�
 �? ��'� 
/�? ��6�&
 �!� ��  
�*"� T���� �7��
 �V
q��� / ���� ��/�
�@�5� �
 C�� [�
� $�9�6�� �� �AI? 
� �� / C�� ��'? �/

@"  �? ��'� �
  ��k


�V5 �!z+ R�(� ��		 )C

C�� ��� .�I? ��
�� ������� �? �V5 
qz� �6��
 Z! n

Z?��" �? �	�7
 �V5 
��/� ��"�!���5�� T�

 �I? �4  � ��:!/�
��7� l!��� / ��� �

����� C A�+ / $��#
 ����.  


-�* ! �%� +
���I� C9� ��	!��

 ����S G/�&
 �:
�F� �� �� �!� ��
� �

$�����?

 ��4 ����
� �1388  

AI? �V5 �
 �!���
�? �� T���� �7��
 ��

 �� ��� �o��]19[�
V5 $/� $� ��		
 

��� � Z! �� ��		

��	
 *�� ��:� �!� $
��'	0? �> ��"�# �F
���
 �V5 ]�IA� E

'� ��� 
 ��'	0? ��
   

	
 ���	
 $��? ��� �!��� 

� T�F	� E�', �!� 
/ T���� $�9�6�� 

 . �I? ��3 n�S �?
���	
 �'��L Z! �

!�9� �!�'N6� Z! C
�	
 �
 �,-5  .��

���.� Z��� ��9) �	
�'� �
 e .C!�9� ��

 �I? 5   ���?�
 �#

+��86� �?��!�
�� �!��# ���? �
�&
:�
�	!� �N�!/� Z! T
�? �!z+�� ���2� �V5 T

 ��� ����	
 ���
3���� �

� .?�> �� [���� �!�
��'� �
 �'� �
 ��"

� .� e/� q-5�?
�/�(
 g�� R��

� ����S / �	
 �	

���#  .$�/>��! ��76�

F� �� / �V5 $��? �6
 �� -]19[ E=�&
 ��

v'�(
 $�!�� �
 ]23[  �'�� �0���
.

  

 R:�1 :  ��
 ���5��

  
    �? �6�&
 ���5��

��
*�% ���I� $
�
 �o��� �:�
� �'�

����S C9� $��:!
�� / ���# �
 �!

���   ��		
FTC ��
	!>�" $/� �? �6�&
 
e��*# �> $��'�|

 �� �%/B+ �
��� $

2- � �*��J
&
 �� �:!�'V���%
T����  $�9�6�� / �V
T����  �'F	
 �!� $

 

��*?
"�#
�%�
�(�
���
�

6�

-7L
��!�

��

$��?
�	!�
!/�
!���

��	

��


�

$��?

  

V5
$��?



Journal of

H� �'� �
 �

 R:�2  �F� ��
��		
LK  ��

zT �  i!���


 �� G/�&
 ���

���/> CLK

 �:	!� �? ��'F 

 †f̂ F )�  

† ( TF F� 

  
 �:�
  

 ��'? f̂�   ��
 ��� ]�IA� ��

 �6��
 R� 1 �
(F � v'�(


 �
 ��� ��A� 
 �V?�� �� T)2 (

vx �
�
�
�

1 0
B

N �
� �
�
� �

f Control,  Vol. 3,  No

�	�9?�!� �  ���	
 $

 ��/>  C.  
@  ��)9 (:� K?�V
 ��

C�� ��� .
 ���	

 �> �� �
 ���# �

�	
 ��*?� �70� J�

 �6��X
 R 1 C��X? /

�
 C��? �!> .'� �?
 C"�#   

                             

 �V?�� 1)T TF F�

�	!� �N�!/� ����S C9�

f���� �� �? ��'�
 T���� �)��(
 (��

�'��  .C&�&� ��
�V5 �?�! R(
DI)

 ( /)10 (�
 ��'�
C6�� /  T���� $�%

ˆ

k

x
x

� �
�

� �
/

A
M �

�
�
�

�
�
�

 / � 2

D
N

B
�
�
�
�

�V5 �!z+ R�(  
  

o. 4, Winter 2010 

��������� �6��
 Z! 

 �:�
�	LK C��?
��"�! T��0� �	!>�"@

 ��	0. � � ����
 �zT � .

�
&#

  �?z �
 ���?.  
�
   �'� �����? ��'�

 �'�� R�]24[ .RX� �?

 �V?�� ˆFf )�  ?
����� ��'� �
 ���� 

(        

$���
 f':0
 � �?

 �  ��������� ���5�� Z!

  

 �V?�� K?�V)10 ('� �?
 ���� �� $�� ���

���0� *�� �� �> R

 / ]�IA� C9�

 J?�/� [)3( �)5(
�V5 ��
*�% �N�!/�

�
 C �	!> :  
L L

L L

A D C C
B C A
�

�

L

L

D

B
�
�
�

 / 1 ,Q I�

 ���	
 ���		
 (� $�%
$���/��5 ��'� ��

R� �? Z	!�

��9? �	!� �N�!/� $
 �-h/�1  : �"

�!��N? .�	
 ��"
��'N? �
 ��?��? $�

 �� R!�7� Y?���

 �6��
1 ��

MATLAB  �

�� �VX5 ���I� �
R
�
 ��'�� �7��

)10(

 �
† �N���?
 C��.  

  

 R:�2  :

 �F(�1: V

�
 �9	� $�V5 ��'�

�
 �:�? R(
 ��'�
� ���
 $��:%��

�
  �'�]1[ .  
     [�
��  �?

� C?�� $�9�!���

C��? �!� E�'@?

�
�
�

 /

2, 0Q �  /

����S C9� ��0" ��:
�(
 � ���:�*+ $�9




�
�

�
�

)
k

C
x�  

 �� C?�� 

 �:�
)3 (

x̂ Ax��  

 �6�&
 �!� 
 Z?��" �? 
 ��I� �6
 �/�? �� Y�

 / ���� ��

 J?�/� Z

xe A��  

� . �q�%
 �7���
 �
 f��&
 q
 ��	
  �? �

xe A

z Ff
y�

�

�

�

�

  

  E=��0
 

:
xe

z
�

�
�@ �
�



�

  

1 0C � �

22D � 

:!/� Z! �o���

 
�
�

�
�

LkL

LkL
DxC
BxA

 �V?)4 (�LK ��9?

�
�	!� �N�!/� E�'
  

"x̂ Bu L y� �

�� ��� �!��� e/� 
���	
 �6��
 Z! �?
��
 ��
 C6�� ��

Y��
 �:�
�	!� �N�!/�

�? �� �9�6�� �xe �A�

T . $��?xe� Z�
 �?

xAe Ff Ed� �

�
 $��? �� ��� �	

 $�V5 )7 (��!�+ ��

q�% �!� �? ����� 
�
 H!�0� T�	
 .���

C��� T�%�'5.  

ˆ

x

x

Ae Ff Ed

f
y Ce v
)

� �

�

� � �

 ��"�! T��0� �@ �?
�		
 .  

1

1 11

2 21

x x

x

x

Ae B w
C e D w
C e D

� �
� �
� �

2B � � �0

12D I� � �0

 ��4 ����
� �1388  

      

kx 8 .?�� �� �#�

LK �( �� �'@	!�
�6��0
 �? �6'�0
 �#

 #ŷ�
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