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Keywords 

Owing to increasing need of control community for providing a precise and 
integrated model of natural and practical structures switching systems have attracted 
much attention. On the other hand, the multi-model inherent in many practical systems 
has increased the importance of The study of these types of systems. In this paper, the 
problem of adaptive fault tolerant finite-time control of a class of nonlinear switching 
systems in the presence of actuator fault, external disturbances and dead-zone input 
nonlinearity is investigated. The boundary of the uncertain terms of the system is assumed 
to be unknown and adaptive rules are used to eliminate the destructive effects of these 
terms on the system response. The subsystems of switching system are considered as 
nonlinear systems with a canonical structure. This paper dose not impose any restrictive 
assumption on the switching logic of the system. Therefore, the purpose is to propose a 
controller that works under any desired switch signal and can overcome the actuator fault, 
disturbances and dead-zone input nonlinearity. To achieve this purpose, after providing a 
smooth sliding manifold, an adaptive control input is developed such that the system 
trajectories approach the prescribed sliding mode dynamics in finite-time sense. Finally, 
by using the Lyapunov stability theory, it is proved that the origin is the finite-time stable 
equilibrium point of the overall closed-loop system. The simulation results provided by 
MATLAB software show the performance of the proposed controller. 
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{� �"� ≤ ��"� %	��� ��!, "� + $ %&�� ��"�' + ∑ S� 	�
�TU 	��VW� ���' + |��"�|�v�"� + |��"�|$w�"� )17             (  

 �(�� 
*�8 L(	��"� > 0 ) ���(� L(9 �/ .	( tE�� (&�� ��"� < −&G	 m
 � .	() ���(� �� �:1" �� B��g9) � (2 �3��( � ( \�� ��!, "� > 0 :m��(� �.	(  

⇒	−opq�$ %&�� ��"�' ≥ EG % �����' opq�\�� ��!, "�  )18                      (                  

�O L( �� �/ 
��:��"� > 0 �Epq� = EG 
����	 �a�� ���(� �� �O ��(q'��: �� (qI ����� D��0< �� B�*�8 u�M � �L�	 −|��"�| :.�(� m�
(1�  

|��"�|$ %&�� ��"�' ≤ −\�� ��!, "�|��"�| )19        (                                           

�O L( �(�� �/ 
��:��"� > 0  D��0< ��(1�
|��"�| = ��"� ) ���(� �.	( �(�A��20
� ��L |�� �� (:����  

��"�$ %&�� ��"�' ≤ −\�� ��!, "�|��"�| )20                                           (  

 �(�� Z�"�" B��
 �� ���"� < 0 ) �� �:1" ��9 �/ .	( tE�� (&�� ��"� > &�	) �� �:1" �� G�? .2) �(9 �3��( � ( \�� ��!, "� > 0 :.�(� m�
(1� �.	(  

⇒	oprs$ %&�� ��"�' ≥ E� % �����' oprs\�� ��!, "� )21            (                         

�O L( �/ 
��:��"� < 0�Eprs = E� u�M �� (qI �|��"�|  B *�F �^� �� �|��"�| = −��"�  �(����"� < 0 :m��(�  

��"�$ %&�� ��"�' ≤ −\�� ��!, "�|��"�| )22            (                                

) ��(�� L( ���2 	( ��20) � (22
� (����C� 9��" �(�� �(1" �−∞ < ��"� < +∞ :.�1� (� ��L ���(�  

⇒ B&�� ��"� + &GC$ %&�� ��"�' ≥ EGB&�� ��"� + &GC+ 

⇒	−opq�\�� ��!, "�$ %&�� ��"�' ≥ EGo+pq��\�� ��+�!, "� 

⇒ B&�� ��"� − &�C$ %&�� ��"�' ≥ E�B&�� ��"� − &�C+ 

⇒	oprs\�� ��!, "�$ %&�� ��"�' ≥ E�o+prs�\�� ��+�!, "� 
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�n&(�  

 ��"�$ %&�� ��"�' ≤ −\�� ��!, "�|��"�| )23             (                                           

) ���(� ��(q'��: ��23) ���(� �� (17�m��(� (  

{� �"� ≤ −\�� ��!, "�|��"�| + ��"�B	��� ��!, "� + ∑ S�	�
�TU 	��VW� ���C + |��"�|�v�"� + |��"�|$w�"� )24   (  

 
*�8 L() ���(� L( ���2 	( ��10) ���(� �� �O ��(q'��: � (24:.�(� m�
(1� (  

{� �"� ≤ −|��"�|J��� ��!, "�J − |��"�|J∑ S� 	�
�TU 	��VW� ���J − |��"�|�v�"� − |��"�|$w�"� − x|��"�| +��"���� ��!, "� + ��"� ∑ S�	�
�TU 	��VW� ��� + |��"�|�v�"� + |��"�|$w�"� ≤ −|��"�|J��� ��!, "�J −|��"�|J∑ S�	�
�TU 	��VW� ���J − |��"�|�v�"� − |��"�|$w�"� − x|��"�| + |��"�|��� ��!, "� +|��"�| ∑ S�	�
�TU 	��VW� ��� + |��"�|�v�"� + |��"�|$w�"� )25                                                                                       (  

:.�(� m�
(1� �1* ���(���� �L�	 ���	 L( k-  

{� �"� ≤ −x|��"�| )26                   (                                                               

�O L( �/ �:{� �"� ≤ 0 
� B��s" ��� ��(� ���� _1��-��I ��(���- �.	( ���O .	� ��.I�? �/ ��/) m !�	 ��
1 �18 �� (

 �� 
0��K���"� = 0 
� (�'�
�(�( �� D�0{( ���� @��3" �(�� .��1� �� 
�(�'�
 �/ �� �
(1� ��(� ���� ���"� = 0  H� ��


� ��2"( ���C� ���L.� *(  

 :D� � �(
&� D��� ,�Sv� (� �( ���/ B�( �(�����"�  ��L |�� �� (�
� b��%"�m��/  

���"� = 0.5�+�t� ≤ ��"�  )27                                                                                         (  

) ���(���� ��1* b��%" �� �:1" ��26
� (� (:��/ }�CN" ��L D�1& �� �(1"   

{� �"� ≤ −x|��"�| = −x√2����"� )28                   (                                                     


� �.��{ �(1"� > 0  ��1F �� (� �/ .*�F �^� �� �(]28[  

−����"� ≤ −����"� )29                     (                                                     

) L( ���2 	( ��28) � (29
� (:m���O .	� �� m��(1"  

���"� ≤ −x√2����"� 					→ 						 �� � ���� � ≤ −x�√2 )30       (                             

G(�' �( ��) ���(� B�*�8 L( ���F30�.�(� m�
(1� (  

� ���"����"� 
 � )X ≤ −� x�√2 

 � )X 

→ 2 ����"� − ���";�� ≤ −x�√2	�" − ";� 
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����� ����� � o�C� Z�< �1s? �� G�3��1��/ 
����� ���1�  

��(L�M� ��I( ������AO �1�C��1- ��C�  �s"��
 ;<
�n&(�  
 → ���"� ≤ ���";� − �0/5	x��" − ";� )31(                                                         

�O L( �/ �:���"� ≤ 0 ) ��26 D��0< �.	( ���O .	� �� (���";� − √0.5	x��" − ";�  ) ��31
�� ( ���� 
2�� ��(1"

�.�(� m�
(1� � 3� B�( �� �:1" �� .(���� �2& ���� @A(�? 
�%�)  

����"� ≤ ���";� − √0.5	x��" − ";�, "; ≤ " ≤ ���";�/√0.5	x� + ";��"� ≡ 0,																																			" > ���";�/√0.5	x� + "; )32                                                   (  


� .���� ��) �� m !�	��L �
 
�5nI ./�? �/ .*�F �K� � �(1"1 b��%" ���%� �� (1 �� ��(�� ���C� ���L H� �� �K� ≤ ���";�/�0/5	x� + "; 
� ��2"(.� *( 

 �1:� 9�< .I�? �(���) ���(���� �29
� (� (�(1" :.�1� ��L D�1& ��  

����"� ≤ + ��√+	 → −x√2����"� ≤ −x�√2���"� + P )33(                                        

 ��O �� �/P > 0 
� .��{ H� .����  

) ���!"�� �=�	( B�( ��30 D�1& �� ({� �"� ≤ −x√2����"� ≤ −x�√2���"� + P = −x��√2���"� + P 


� 
!�1�L�� �O �� �/ ���F0 < � < 1 ..	( .��{ H�  

b��%" ��� = ��, �v − �, $w − $�.  ��� = ��|���"� ≤ P/B�1 − ��x�√2C�                                                    �

� � = ���"�|���"� > P/B�1 − ��x�√2C�    �(����"�¡� �  :.�(� m�
(1�  

{� �"� ≤ −x��√2���"� )34          (                                                         

G(�' �( ��) ���(� B�*�8 L( ���F34:m��(� (  

� {� �"����"� 
 � dτ ≤ −� x��√2 

 � )X	 
→ 2 ����"� − ���";�� ≤ −x�√2	�" − ";� 

→ ���"� ≤ ���";� − √0.5	x��" − ";� )35                    (                                

 �/ .	( �O L( 
/�? �1* ���(������"�  �� .	( ��(�� ����C� ���L H� ��K� ≤ √+�¤¥ %���";� − �√;.¦��G¥��¤' + ";   ��

�<1�K� �(�/ �� �  �� ��(�� �/P/B�1 − ��x�√2C  ��1� �(�� �/ .	��%� �(�� B�( .��	� �
(1� �.	(��"�¡�� �
��!� �

�<1�K� L( ��� .I�? Z�"�" B�( �� .�� ��
(1E� h��� ��
��"�  m !�	 b��%" `08 
;�< ���C� ���L �(�(���- ���%� ��2  �

) ���(� ���0���26����C� �� �( L( 
3g1/ ���"� = 0 �<1�K� �� ���	� L( �%� � �� ��
(1� H��5� ���   ����"� = 0 

 @��/ D�0{( B�(����� .�� ��
(1� (�'�

��1�.  
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4- ��S$ p��������  

��0� x�� � L( ���2 	( �� +E� B�( ��
;< �^� ��1� m !�	 �/ .	( ��� ��(� ���� ��L�	 ����� �
:��� D���� �( �1:� m��

 B��J�
 ..	( ��� B��s" m !�	 ��(���- � � �(� 
�1;�� ��3;�< ��(1EI� d�r1	 B��(1A � o�C� Z�< ����� ��?�� 
�����

� ��x ��.	� ���O �� �(B � � �� �I�4��x ] +
�,-28�4� [��! �� ..	( ��� ] �I�4�28 L( [�H �5nI�� G� �/ ]��
 0�"�4
 (��� 

	 G� �/�m !��
 d�r1	���1� �����
 �1��/�G�3 ���� �1s? ��� �����
  ..	( ��� ���2 	( 6�0�(��0��L�	 ��C� �� �


MATLAB � SIMULINK 
� ���O .	� �� x�� � 
	��� �� G��� �� L( ���2 	( �� ��(�( �� �/ ��� 9�K�(.m�L(��-  

1-4-  ��i�1  

�O L( .�� !
 �(���- ��	(�	 D�1& �� 
I� �(���-�� 
;C� D�1& �� �O .I�? ��
��!� �/ .	( 
� !�	 o���1�O m !�	 �/ �:

m !�	 B�(
� G� �/ ����� �� G7 �( 61� �
 �1s? (qI ��� !
 =�!? ���!� ��I�( ��(�� � �
� �(��- L( H� �
 D(���n" �� �
 ��(1"

��./�? �� �K+�- @��A��� ��
m !�	 B�( �� 
�1;���� � 
��� 
����� ����� �]�� �( D(�{( B *�F�^� �� B�(����� .���F �


G� �/ 
?(�8 �� o�C� Z�< � ���� ��?��m !�	 L( 61� B�( �(�� ����/ B��
 �� ..	( �:1" @��A ���!� 
%A(� ��
�����/ �� �


d�r1	 m !�	 H� �1^�� ���1� �0"�� 
�����3 o���1�O m !�	��L �� �� 
� �^� �� ��L D�1& �� (�:m���F  

 P�"�����1 P�"�� :Genesio ]29:[  

n ��� = �+								 																																																																																																					��+ = �c								 																																																																																																					��c = ��+ − 6�� − 2.92�+ − 1.2�c + $ %&�� ��"�' + &(�� ��"� + )�� ��"� )36  (                               

 P�"�����2 P�"�� :Arneodo ]29:[  

n ��� = �+						 																																																																																																					��+ = �c					 																																																																																																					��c = ��c − 5/5�� − 3.5�+ − �c + $ %&�� ��"�' + &(�� ��"� + )�� ��"� )37(                                       

 
:��� D���� �( �m !�	��L �� �
 �� �/)�� ��"� ���L D�1& ��  )�� ��"� = 0.1	sin	�"� )38                                                                            (  

 o�C� Z�<&(�� ��"� �D�1& ��  

&(�� ��"� = «0.25 sin�2"� + 0.2,								5 ≤ " ≤ 6.5														0,																												¬"ℎ®¯°
�® )39 (                                               

  ���� ��?�� 
����� ����� �$ %&�� ��"�'  ��L D�1& ���� !
:  

$ %&�� ��"�' = ± 15.1 − 0.15	cos	�&�� ��"��B&�� ��"� − &�C, &�� ��"� > &�																																													0				,																											−&G < &�� ��"� < &�1.1 + 0.1	sin	�&�� ��"��B&�� ��"� + &GC, &�� ��"� < −&G )40                        (  

 �O �� �/&� = &G = 0.1 
� m !�	 �� �
 �/ .	( 91;%� 
�1� �� .����Genesio  �Arneodo  ���� (� o���1�O ��
�� *�


�d�r1	 m !�	 @/ �(�� (� (�0� � ���/ _q? (� o���1�O D���	1� �/ .	( B�( _�
 B�(����� .��
� .m��/ �(���- 
����� ���1�

����� (� �( �1^�� B�( �(��
� m�^�" ��L D�1& �� (� 
�5nI �:m��/  
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 ��"� = 	�c + Q ´10	|�c| µj�	�����c� + 10	|�+| µj¶	�����+� + 10	|��| µj·	�������¸ ; 	)X )41                           (  


� u�E �( ��L D�1& �� (� 
I� �/ ����� G��'�	 ��(�( ��:m��/  

&�� ��"� = n−o\�� ��!, "� − 0/1	,										��"� > 0																	0	,																													��"� = 0o\�� ��!, "� + 0/1	,													��"� < 0 )42     (                                              

 �O �� �/	o = 1 Epq�⁄  �Epq� = u
�7E�, EG:    �\�� ��!, "� 
� ��L D�1& ��.����  

\�� ��!, "� = J��� ��!, "�J + 10	|�c| µj�	|�����c�| + 10	|�+| µj¶	|�����+�| + 10	|��| µj·	|�������| +�v�"� + $w�"� + 1 )43                                                                    (  


� u�E �( ��L D�1& �� 
4�0�" B��(1A �.��1�  

�v� �"� = |��"�|		, �v�0� = 0 $w� �"� = |��"�|		, $w�0� = 0 )44      (                                                           

 �� m !�	��L �� �
 ��I�( ����4� D�1& �� 
*��N" �18���0� = −0.3  ��+�0� = 0.3  ��c�0� = 0.1 
� m�^�"�(�� .��1� 

 �!��4�x�� � ] v:�� �� �������- ]��28 @3� �� ��� ��(� +���� D�1& �� �(1EI� d�r1	 G��'�	 H� �[2 �� �
 �� G� �/ ����/

.	( ��� G��<(.  d�r1	 m !�	 .I�? ��
��!� ]�� �(�� 
����� ���1� �!��4� ��1� ]�� B��J�
 �  (� �� w1��) �������-

�� w1��) @3� �� (B�g3 ��� m�	�" .��(  

 
T?$2.  ��i� ���� .� \@� ��[ � ���;��1 
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T?$3. ��[ � P�"�� A@�� �����"� ��i� ���� .
$ ����J ������ .
� $1  


� ��
���.I�? 
���" �/ m��/ � �/ ���L �� �������- ]�� �� �
 L(5/6 ] v:�� �� ��� �r(�( ]�� L( � %��	 � ����{28 �2& �� [


� 9�< ��(�� �� �������- G� �/ ]�� �/ .	( 
�%� �(�� B�( .��(�� �1:� m !�	 z	�- �� ���F���� .I�? ���� d�
 .��	�

.�%�A�O �� ��	 ��1� �� 
"�<78( �� L��� ���� 
 ? 
:��� D���� �( � m !�	 ��
���4� ��

� ���� 
�1� . B��J�
 .�
�

 ���C� ���L ��(���- _�
 � � �(�� ���{�" � !� �4;? m !�	 ��3;�< ��� �� o�C� Z�< � ���� ��?�� 
����� ����� �1:�

 @3� �� �������- ]�� �(�� 
�5nI ����� 
���L z	�- ..	( ��� @&�?4  @3� �� �!��4� ��1� ]�� �(�� � bI(4  ���� u

..	( ��� ��(�  
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