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Designing a Stochastic Adaptive Stable in Probability Observer, 
for Noisy Uncertain Chaotic Systems 

Moosa Ayati, Hamid Khaloozadeh 
Abstract: In this paper a novel stochastic adaptive sliding mode observer is developed which is 

able to estimate the states of an uncertain chaotic system with model and parametric uncertainties. 
The type of the model uncertainty could be unknown and its upper bound is estimated by adaptive 
methods. The unknown parameters are estimated using a proposed adaptation law. In addition, the 
effects of noise are considered in the observer dynamics and then the response system is modeled 
via stochastic differential equations. Using stochastic calculus and stochastic Lyapunov stability, the 
stability in probability of the states’ error system is proved. Moreover, it is proved that the states of 
the proposed observer converge to the drive system states while the adaptation gains of the observer 
remain non-singular and bounded. Since the observer can suppress the effect of noise and 
uncertainties and the states’ convergence is proved, proposed observer is used in a noisy chaos 
synchronization system. 

 
Keywords: Sliding mode observer, Stochastic Lyapunov stability, Chaotic systems 

synchronization, Stochastic differential equation.  
 

Archive of SID

www.SID.ir

www.SID.ir


48 

  
��!��� ���>;� �:�DV; �.���� �7��% 6��$� #�*��� ��$/@ [�2�� 6��� 0����7� ��  

,��1$&�) !��7 0���@ ��$�  
 

Journal of Control, Vol. 4, No. 3, Fall 2010 �	
 ���� !�( 0��4 ,���/ 03 ����� 01389 

 
 

1- 4��
�  
 ���=��$/@� �,!�! 6�  ��
� � E��� 6���2� �[�2�� 1  �V)��U 6��

 ���W�� �$/ . ���$& �
 !/ A�( ���� 1� ,!�!� #�� �� ��!	����� �($;]1[  ��
1963  �&�:� �� �� ?� � �=�*� E)���� \$/@ ����� . ��!	"� �� \$/@

 ��$� �;��� ���)�($;  �c� �� ��2C� ��$� �� �� �@ ��p
� �!��� �� � E=�H ����
�� !	�=�H .� ��� #�&�� 6���  ��� �1990 ]2[  ��$/@ 6�����=� �
 !/ ,��� ����

 ���	
 N���!	�2� ��$/@ [�2�� �� 0��� ���� �� � [� ��  !�!/ ������]3[. 
 #�	X�� ��� ��1992  f�$; \$/@ O��� �� #�� b����e� [�2�� #�&��

 P�� ���!	"�!�@ �$($� )]4[  �]5[ .(  
[�2�� �H��� #����"� ���2� E���27 ��$/@ 6��  ��&�� f���/ �� !�!/

E�� ��������� � . [�2�� �� ��&�� f���/ �� �Cg$
 ���{; �� �
 �	*� #�� ��
 b�$'� ���1 E/yH �� [�2�� �� #�� E&�7 6����2� 0��2C� ]��
 ��$/@

�� ��� [� 1� ����� !�$/ . ���	
 Np� ���$� �)�� �� �H��� #�� !	g��
�.���$� E�� [7��� ,!/ N�$
 6��0 �&� �����
 1� 6���2� ��  E���27 ��

[�2�� !�!/ �� \�27 �� E��� k� ��$/@ 6�� !�@ .��p� ��$	
 ��0  #��
[�2�� �
 !/ h
�� �H��� � ��$/@ 6�� �[�2�� ����� �$c	�  �� �;����e� 6��

[�2�� 1� d��e� N2� ��"g �@ ����� �� �
 !�$/ ,��>��� T�� E�	��  6��
 ,!�@ �$($� \$/@ b����e�E�� ]6[ .��G2� #����"�  #�� b����e� �� �
 6�

������ [��2� �(�$� �@ �� ��$/@  ,!	���= 61��) [�2��,�� 1�!�� ( ,!���H �
) [�2��w��� (E�� .  

 ��
 E&�7 �������� E�� �	*� �� 61�� �*��; �
 E&�7 1�  �� ��

 ��D�� �� �.�!C� � ,!/ ��2C� [� �� w��� � 1�!�� ,�� 6���������!		 . �($; ��

[�2�� ���1 ���2� E���27 �� �� �c� �� ��$/@ 6�� [�2�� #�� �
 !��  �$V� ��
������ N�����U �;�z !	/�� 61�� .?�� ���
 �!�� #�����	�  1� ,��>��� �� �
 ����

[�2�� [���$�� �"�@  ������ �� ��$/@ 6�� �$� !��$) !�>� ���2� [�	
 . ���( 1�
A��	� ?�� #�� #��; E��� 1� ,��>��� �� �H  k� �� w��� [�2�� ��$	
 ��

������ s�% E�� ��$/@ 61��.  
 ������� ����� �� �
 �*��$� ���( 1��$D� N��� �� ���� �$(�  ��$;

�	�*��� [�2�� �� ��$� � �� ,�� � w��� 6�� ��� Z�� �� 1�!�� . j��$� #�� j=� 6���
,�� N7 ��$	
 �� E�� ,!/ ����� 6���1 6��  �� ��p�]7 [ �]8 [�	�*��� ��� �"	;  6��

 �� � �!�]9[0 ]10[  �]11 [�"	; �	�*��� ���  �� � 6������� 6��]12[  �]13 [ �"	;
E�� ,!/ ��=�H �c� �� ��$� ��� . ��]14 [ �]15 [?�� 1�  6��� !	�/$� 6��

������ [�2�� 61�� ,���� �&� E�� ,!/ ,��>��� #�*��� ��$/@ 6�� #�� 61�� 
?�� ,!�1���� �� 1��� �� !���� ���1 �;�D��<� ��$; �� ���� . #�� 1� 6���2� ��

?�� 1� � ,!�� ��=�H �c� �� 6��!��� N��<; �� ��$� ��� bT�:�  �$�*� 6��
E�� ��=� ��
 �� 6��!��� N��<;.  

 ��]16[ ������ s�% k� �� �� �� �!� �	�*��� � ��$� ���  61��
[�2�� � �� ��$/@ 6�� ���>;� 6��!��� 6����� 1� ,��>��� �� � ,!/ ��=�H �c

E&�7 #�e; 6�V) [�2�� 6��!��� E�� ,!/ b�D�� �� . �&�:� ��]17 [ ,��� ����
 ��U ������� ����� �$�� ��=�H �c� �� ������� �	�*��� ��� �H� �
 E�� ,!/

E�� #C�� .�� ������� �	�*��� �
 ���� E���� �c� #�� 1� r$Q$� #��  6���2�
[�2�� 1� s�% 1� 6���2� �� ��7 � ���� �$(� ���
 6��  �� #�� b����e� 6��

[�2�� 1� ,��>���  �$% �� �;����e� [�2�� E�	�� ����=� 6��� ��$/@ 6��
[�2�� �� ������� �	�*��� 6!�
 �� �=�Q� �� �$/ . NC�� #�� j=� 6���]17 [ 1�

 ���H1�� b�*��� N��!7 �����	/ [���$.&� #�*��� 6��������� �����	/ 6���
E�� ,��
 ,��>��� .�	�*��� ��� �$g �$(� #�� ��  b�D�� �� 6������� 6��

 #�*��� 6��������� � ��&�� f���/ 1� �)�� 6��� 0,!�� ��=�H �c� �� 6��!���
�$� !��$) ��!����� ������� [�2��.  

�	�*��� r$� �� �� ��� �&�:� #�� �� ������� � �!� �� [�2�� ��  ,��  �� 1�!��
E��� 1� � E�� ,!/ ��=�H �c�  ���>;� �:�DV; �/�{& !� �H)Stochastic 

Adaptive Sliding Mode Observer  ��SASMO ([�2�� ��$	
 ��  
E�� ,!/ ,��>��� w��� .E��� ["� E���  �� 61��� �
 E�� �@ ,!/ ����� �H

#�� � ���!� �!� �	�*��� 6T�� ���
 #�2��� E��� f�$; T�� ���
  �H) [�2��
w��� (�� ,�1 #��e; �$/ . ��=�H �c� �� ���V; �$��� 1� ,��>��� �� 0#�� �� ,�]


�� E�!� le���� 6��������� 1� �	��e; ,!/ !�@ �	�*��� ��� #�	X�� �  6��
,�� �!� �� �������  �c� �� ��
 [�2�� 6��!��� b�D�� !��� � w��� �!� 01�!��

 ��=�HE�� ,!/ . ������ E
�7 r$� 1� ���>;� 6��!	�@�= f�$; �
 ��$� ���
 ���!�����)standard Brownian motion (,!/ �!�  bT��*� �� ��� 

[�2�� E�� ,!/ ��=�H �c� �� w��� .  
��$� �$(� N�&!�0 [�2�� 6�� ,��  1�!�� w��� � bT��*� 1� ,��>��� ��

���>;� N�2���>�� )stochastic differential equations( ]18[  �!�
,!/ !�� [�2�� d�+$; 6��� �D��	� ����� bT��*� #�� �
  6��$� ��$/@ 6��

!	�2� .,�� N��/ ��
 [�2�� 6��!��� ����� � N��<; 6���  1� 0w��� � 1�!��
 $��� b��Q���)Ito calculus] (19[ ���>;� 6��!��� 6����� � )stochastic 

stability theorems( ]20[ E�� ,!/ ,��>��� .]21[  6��$� ��$/@ [�2�� 1�
������ s�% k� ��  1� s�% #�� �� ��$� ��� N��<; 6��� � ,��
 ,��>��� 61��

���.��� �� ��  E�� ,!/ �2��:� �"�@ a���� � ,��>��� $��� ���.��� � ����� .
��D/ 61�� ,��� ����  �� �<; 6��� $��� b��Q��� 1� ,��>��� �
 !��[�2�� N�  6��

E�� 6���Q 6��$� ��$/@ .  
 t$�����& 6��!��� 6����� 1� ,��>��� � ���� k� ����� �� �&�:� #�� ��

�	�*��� � ��$� �$(� [U� ��
 �
 ,!/ b�D�� 0���>;�  0��SASMO  �� ��!���
E�� ����7� . ,��� ���� #�	X�� E&�7 ,!/ E��� 6�� E&�7 �� �H  [�2�� 6��

,��  N�� 1�!���� !		
. E��� #�	X��  E�!� #�*��� 6��������� 1� �	��e; �H
�� [�2�� 61�� ������ �$D"� �� #��e; #�� �
 !��  ��$� ���2� ��$/@ 6��

E��. 	�� �� ,�]
�" ,�"� E��� �:�DV; 6��  �
 !	�2� ,����� � ��!<� ����� �H
 6����� �.�� 1� ��$� #��SASMO E��.  

A�;�; #�� �� �&�:� #��  � [���>� Z�� �e� �� �
 E�� ,!/ ��!���1��
d��*; 6�� E�� ,!/ ,���@ ���>;� b��Q��� �� ,��>��� ��$� ��&�� . �e� ��

,�� [�2�� f���� Z$� �e� �� � ,!/ ���� 1�!��   bT��*� Z��"gSASMO 
E�� ,!/ b�D�� �@ ����7� �� 6��!��� � ����� .��D/ a���� [�	� �e� ��  61��

Archive of SID

www.SID.ir

www.SID.ir


6��$� #�*��� ��$/@ [�2�� 6��� 0����7� �� ��!��� ���>;� �:�DV; �.���� �7��%  
,��1$&�) !��7 0���@ ��$�  

49 

  
 

Journal of Control, Vol. 4, No. 3, Fall 2010  !�( 0���	
 ����4 ,���/ 03 ����� 01389 

 
 

 1� N+�7 ���� ��C�SASMO ������ s�% k� ��  ��!� O��� �� 61��
E�� ,!/ ,���@ 6��$� 6@$g.  

  
2- )P	-'� S��
� 4%�(� 8%B	-�  

��&�� [���>� 0d���*; 1� 6��!*; �e� #�� ��   ���c� �� �����
 �� �
 ���>;� b��Q��� � ����7���=� ��
 �� �&�:� #�� �� �
 E�� ,!/ ���� !�� .

��]
 ��H!	��$) !	�� ����� b�
]%� 6��� ��$;	�� ! j(��� ]18[ � ]19[  �*(���
����	! . 

 g"�3'1: ]18[ F0 ���� �
 �
$��� ��1 1� 6�  �
$��� 6��E  E��

 �D( ��.�� k� ��)algebra" � ( 6��E �� � �� ��1 ��$) �H� [���
!/�� ��/��:  
d&� (FF 	0  �
F E�� �"; �
$���.  

\ ( �H��
$���A  �� ��*��F !/��  ,�.�@ N�C�A 
�	*�Ac A� E �  �� ��*�� [�F !/��.  

I (�H� �&�D�� �
$��� 1� ���	���� 6�  !	��� ��iA0  ��F  !/�� ��*��
)� �1 Fi iA

%  �
G( 0!/��  ,�.�@1 Fi iA�

� 	� !/��. �  
 g"�3'2: ]18[  �;T���7� ,1�!��)Probability Measure (H  6��

,1�!�� 6��=  ��y�� �, FE � E�� �*��; � b�$+# $: F 0, 1H � �
  
d&� (� � 1H E �  

\ ( 6���� �
$��� �� 6���� � 1 Fi iA
,
G 

)A i jA if i jFI � � ([�/�� ��/��  

                                                      � � � �1
1

P Pi i i
i

A A
�

�
�

�

� 2�  

 g"�3'3: ]18 [��  ���;� �, F,E H �� ,!���� ����7� 6��= k� �$/ .
 �H�F=F !/��0 E�� N��
 ����7� 6��=.  

                             �
�

F : , F

, P( ) P( )

A B C such that

B A C B C

� G E J 	

G G �
  

 g"�3'4: ]18 [ ����7� 6��=� �,F,E H !���.� �c� �� �� . ���� k�

 !	���� � 0
Ft t ,  6�� �����=� 6���D( ��.�� ��1 1�F  k� �� ��T��

)Filteration( 6��= 6�� �� ����7� [����) .t 0, F Ft s t s�- , GI(�  

 g"�3'5 : ���>;� !	�@�=x t ,!/ ��DV; �� 6 � � 0
Ft t ,  

)� � 0
Ft t

adapted
,

� (�� [����0  �� 6��� �H�t !	�@�= 0x t� 0���y� ,1�!� 
Ft !/��.�  

 g"�3'6 :]19 [ !�	
 ��=� �,F,E H  ��T�� �� ����7� 6��=

� � 0
Ft t , !/�� .���!����� ������ !	�@�=� � 0

Bt t , �:�:7 ����:� �� 6!	�@�= 0

,!/ ��DV; �  � � 0
Ft t , E�� �
�H��� 6���� �� ��1 6�� !/��:  

d&� (0 0B �  

\ ( 6$��t sB B� 00 s t%   � �� �>+ #�.���� ����� j�1$; 0
 `������t s� ���� .  

I ( 6$��t sB B� 00 s t%   � 1� N:�2� 0Fs E��. � 

 �� �� ��1 $��� N�2���>�� bT��*� �� 6��$� #�*��� ���>;� �V)��U [�2��

 N��
 ����7� 6��=� �, F,E H !���.� �c� ��  

)1  (     ( , ) ( , )t t t t

t t

dx Ax dt Bu dt f x t dt g x t dB
dy Cx dt

� � � �

�
  

 �@ �� �
E  0��!����� 6��=F  6�� �D( ��.�� k�E � 0H 

E�� �;T���7� ,1�!��  .t �	R  0���1 ��{��n
tx 	R E&�7 �����  6��

 0[�2��p
tu 	R  0�&��	
 6���� �����my 	R  � [�2�� �(��) �����

: n nf �& �R R R E�� �V)��U 6����� j��; k� .
: n n bg � && �R R R  � [�2�� ��$� b!/A 0B  �C �;��`�  6��

!	�2� A��	� ��*�� �� le�� .b
tdB 	R  �� �>+ #�.���� ��$H !	�@�= k�

 `������dt  ���!����� ������ !	�@�= $�� �
 E��tB �� ���� �� !�� . �����
 ,!/ d�+$; ���>;� [�2�� 6��� ��1 f���� � ��)1( E�� ������.   

 ��&�� f���/ �� 6���0 	
nx R 00

�	t R ,1�!�� 6���� � 0  ��y�tu 0

 N7� �0 0, , ,x t t x u  �&��*�)1(  ��&�� f���/ 1� �
0x ���1 �� 0t  r��/

�� �$/0  ����7� 6��= ��� �, F,E H  � ��T�� ��� � 0
Ft t , �� d��*; �$/ .

 ��T��� � 0
Ft t ,  ������ !	�@�= �� ,!/ !�&$; 0E��� 1� ���$��tB  N��/ �

�
$��� Z��; �6��  �$�H )H � null sets (E�� . #�	X�� ���� O��� ��
 [�2�� 0����C� � �$(�)1( E�� N��
 . 6���� �� 6��� �
 �	*� #�� ��

,1�!��  ��y�tu ��&�� f���/ 00x 00t �; 6��� �D��:; � Z�8	E [�2�� 0)1 (

���C� N7b�$+ �� � � �0 0, , ,x t t x u  Z��; 6��� �
 ����t  ,!/ d��*;
���$�� � �� ED2� t���>;� ���$�� 0 �� ED2� 0x,1�!�� 0  �� ��y�( , )t 8  �

,!/ ��DV; � � 0
Ft t , E��                .  

 [�2�� 6��!��� ��$� �$(� N�&!�  6��!��� 1� b��>�� ���>;� 6��
[�2�� E�� �*V� 6�� .����>;� 6��!��� �� n$��� d���*; � ����� E�2� #�� �� 

 ���>;� �V)��U [�2��)1 (E�� ,!/ ,���@.  
�3' g"7: ]23 [ �����=� �!�
� � ���$�� j��$; Z��; �
$���

# �: 0 , a0 �� R  �
(0) 00 �  O]
 j��$; �� E��K �� !	��� .
 O]
 j��$;K  �"�@ 6��� �
lim ( )

r
r0

��
�� �� !/�� ������  O]
 j��$;

�K �� !	���. �  
����1 :����7� �� 6��!��� )stability in probability( ]19[  �]20[  
d&� ( ���*; �V:�0ex <  ���>;� N�2���>�� �&��*� �� n$���)1 ( �$V�

 �� 6��� �H� E�� ����7� �� ��!��� 6�����0 0t ,  �0K �   

� �
0 0

0 00
, , , 0 0

x t t
Lim P Sup x t t x K

� %


 �� �� 

� �

 

 �@ �� �
� �0 0, , , 0x t t x  �&��*� N7)1 (���1 ��t )0t t% ( E��
 ��&�� f���/ 1� �
0x  �0t �� r��/ �$/.  

Archive of SID

www.SID.ir

www.SID.ir


50 

  
��!��� ���>;� �:�DV; �.���� �7��% 6��$� #�*��� ��$/@ [�2�� 6��� 0����7� ��  

,��1$&�) !��7 0���@ ��$�  
 

Journal of Control, Vol. 4, No. 3, Fall 2010 �	
 ���� !�( 0��4 ,���/ 03 ����� 01389 

 
 

\  ( ���*; �V:�0ex <  ���>;� N�2���>�� �&��*� �� n$���)1 ( �$V�
 �� 6��� � !/�� ����7� �� ��!��� �H� E�� ����7� �� �D���� ��!��� 6�����

0 0t ,  �V���� �0 0

0

,

0
0 1t x

tx t
Lim P Lim x

� ���
� � !/�� ������. �  

 ����2 :�����>;� t$�����& 6��!� )stochastic Lyapunov 

stability( ]19[  
���>;� �V)��U [�2�� )1( !���.� �c� �� �� . j��; �
 !�	
 ��=

# �( , ) : 0 , nV x t �� & �R R  �� ��*��2,1C  j��$; �10  �20  1�

 O]
K�  �� 6��� �C��$V� !���� �$(�, 0nx t	 ,R   

)2 (           

1 2

2

32

( ) ( , ) ( )

( , ) ( , )

1 ( , ) ( , ) ( )
2

T

T

x V x t x
V VLV x t f x t
t x

Vtr g x t g x t x
x

0 0

0

% %

5 5
� � �

5 5

 �5

% �� 
5� �

  

!/�� ������ .3 : n0 ��R R  O]
 1� �>	���U � ���$�� �*��;K 
E�� . 6��C� N7 0f���/ #�� ��0ex <  ��&�� f���/ ��0

nx 	R  �

0t �	R  � E�� ����7� �� ��!��� 6����� �$V� �
 ���� �$(�

� �3lim ( , ) 0 1
t

P x t0
��

� �  �� !/�� .L  ,!		
 !�&$; ��)generator ( ��

 ������ �.��
)diffusion operator ( ���>;� !	�@�=( , )V x t �� !	���. � 

 ����3 : #�C	�� �$��=)Dynkin’s Formula( ]20[ 

 !�	
 ��=tx  � ���$�� E��� 1� t$
��� !	�@�=/  �=��'; ���1 k�

 �
 !/��xE /  � E�� . �H�( , )tf x t �	��� �� �.��
 A� )weak 

infinitesimal operator ( ,�.�@ !/��  

, 0 0 ,
0

( , ) ( , ) ( , )x t x t sE f x t f x t E Af x t s ds
/

/ /� � � �+ �  

��$� !��$) �����. �  
  

3- +��*� ��� 8�9%� g%e�'  
 #�*��� ���>;� �V)��U [�2�� ,!/ d�$;�� ��1 $��� N�2���>�� bT��*� �� 

!���.� �c� �� 1�!�� ,�� [�2�� ��$	
 ��  

)3(     ( ) ( ) ( , )t t t t t

t t

dx Ax Bu dt Bh x dt f x t dt
dy Cx dt

;� � � �
�

  

  �@ �� �
q; 	R  #�*��� 6��������� �����
)K ;; %(0: n p qh &�R R   �: n nf �& �R R R j��;  6��

!	�2� �V)��U 6����� .������ ,!���� �
 �$V  �$/ ,�� [�2�� bT��*� ��
�	�*��� 01�!�� ,!/ ��=�H �c� �� 6������� � �!� 6��  !�� ��C� �!� �c� #�� 1� �

��
 ,!/ ��=�H  �� ��=� ��C� �!� 1� �;]22[ E�� . �!� 6��� #�	X��)3( 
E�� ,!/ ,���@ ����� �� �
 ,!/ ��=�H �c� �� �%��/.  

 l�71: !�	
 ��=f  E�� �e� �� �� [�2:; N���  
)4    (                                             1 2( , ) ( ) ( , )f x t f x f x t� �  

j��$; !�	
 ��= #�	X��h  �1f  �� ���$�� � ���/ ��& ��<� �$V�
nLGR !	�2�  

)5             (1 2 1 2 1 2( ) ( ) ; ,hh x h x K x x x x� % � - 	L  
)6            (1 1 1 2 1 1 2 1 2( ) ( ) ; ,ff x f x K x x x x� % � - 	L  

1fK �	R  �hK �	R �� ���/ ��& E��� !	/��. �  
  ���>;� N�2���>�� �&��*� 6��� ��<� \�$( ����C� � �$(� f���/ #��

)3( #���; �� �� !		
 .2f �	�*��� �
 E�� [�2�� �!� 1� ���2�  ��!<� 6��
,1�!�� N��� ��U b�/���U� �� � le���� 6T�� ���
 �� �� ���� �� 6��H !�� .

#�	X����$/@ b����e� [�2�� k� �� 0 2f �� ,�� 1� �&���� Z��� !��$;  1�!��
[�2�� �� !	
 �!� E�� #�*��� ��
 E&�7 �� �
 �� w���.  

 l�72: 
2

f  n�/ �� !���  
)7 (                                              1

2 ( , ) ( , )Tf x t P C y tM��  
 �
 !	
 P!+P  n�/ ��3 !/ !��$) �=�*� .

( , ) : m my tM �& �R R R �
 E�� 6����� �*��;  

)8(                                      
1

( , ) ( , )N
i i tF i

y t y tM 4 .
�

% 2  

i R4 �	  �( , ) : , 1, 2,m
i ty t R R R i N. � �& � � � 

E�� .0��
 E&�7 ��i4  �( , )y tM �� !	/�� le���� !	��$; . j��; ��
2

f 
 ��=�� ���V; �	�*��� !	
 P!+ f���/ #�� �� �
)matched uncertainty (

�� E�� ��2��� [�2�� �(��) �� �"	; �
 !	�$H. �  
 l�73:  I�1( , )A C 6��C/@  � ��y�n mL R &	  ,�"� �����

E��� E>( ,��� ����:� �
 E�� �H ( , )A C  l�'e; �g �<>+ [�� �� ��

�� !�� .n nQ &	R E�� #�*� EDp� � ���:�� �2��;�� . 6�1� ��
n nQ &	R  #�*� EDp� `��;�� k�n nP &	R  �V��� �� �
 ���� �$(�

�� P!+ ��1 t$�����& !	
.  
)9(  

( ) ( )T TA LC P P A LC Q and B P HC� � � � � �  
     
)10(  

2
1

12 ( ) ( ) 2 ( ) 0
2

� � �  f g hK P P K C K K HC Q;9 9 9

 
  gK  n�/ ��4 !/ !��$) �=�*�.  
  
4- �"(� )7Dm� �� )
%�O' )P	-'� �:  

E&�7 #��e; 6��� �&�:� #�� ��  ���>;� �V)��U [�2�� 6��)3( 0� 0 k
E���  �/�{& !� �:�DV; ���>;� �H)Stochastic Adaptive Sliding 

Mode Observer  ��SASMO(E�� ,!/ ����� 0 .E��� #�� �!�  �� �H
E�2� � ,���@ �e� #�� ����� E�� ,!/ ,��� s�/ �@ d��e� 6��. E���  �H

 �	*� [�2�� �(��) 1� ,��>��� �� f:= ,!/ �����ty  ��$� �$(� ����; E<; �


Archive of SID

www.SID.ir

www.SID.ir


6��$� #�*��� ��$/@ [�2�� 6��� 0����7� �� ��!��� ���>;� �:�DV; �.���� �7��%  
,��1$&�) !��7 0���@ ��$�  

51 

  
 

Journal of Control, Vol. 4, No. 3, Fall 2010  !�( 0���	
 ����4 ,���/ 03 ����� 01389 

 
 

,1�!�� �	�*��� � 6��H �� [� �� E&�7 0!/��  #��e; �� 1�!�� ,�� [�2�� 6��
�� !�1 .E��� �!�  �H)w��� [�2�� (E�� ��1 b�$'�  

)11(  

1ˆ ˆ ˆ( ( )) ( )
ˆˆ ˆ( ) ( , , , ( , ), ( ), )

( , )
ˆ

t t t t t t

t t t t i t i

t t t

t t

dx Ax Bu f x dt L dy dy

Bh x S x x y y t t t dt
g dy dy t dW

dy Cx dt

; . 4

� � � � � �

�

� �

�

�

�

�

�

 

����� 1� ,��>��� ��L  `��;��� ��A LC �$� !��$) ������ . #�� ��
,�� [�2�� �(��) 1� �*��; 0��$� b!/ �!�  E�� w��� [�2�� � 1�!��]24[ 0

�� ,1�!�� ��$� �@ 1� ,��>��� �� ��$; ��
 �!� �� 6��H .  
 l�74:  E���0gK � E�� ������ ��1 �V��� �@ 6��� �
 ���� �$(�.  

)12(  

� � 2( , ) ( , )T
t t t t g t ttr g dy dy t g dy dy t K dy dy� � % �� � �  

�
; �� E�!� ��1 �V��� 1� � E�� ,!/ ,�1 #��e; 6��������� ����� !�@  

)13(                                            1 ( )T
t th x HCe; F ��

� ��          
 �
F E�� ,�$e&� #�*� EDp� `��;�� .E&�7 6�V) [�2��  1� N+�7 ��
 bT��*�)3(  �)11( 0ˆt t te x x� � ��!��� ��1 �/�{& !� ,�"� 1� ,��>��� �� 0

 �$� !��$)  
)14(  

1
1

1 2 1

ˆˆ( , , , ( , ), ( ), )

ˆ( ) ( , )

ˆ( ) ( ) ( , )

t t t i t i
NT

t i i ti
N

t i i ti

S x x y y t t t

P C Ce y t

Ce h t h t y t

. 4

4 .

4 .

�
�

�

�

�
2
2�

 

                
ˆ ( )i t4 �	R0  #��e;i4 �V��� 1� ,��>��� �� � E�� )15( �D��<� 

��  0�$/  
)15(  

ˆ ˆ( , ) , (0) , 1,2, ,i i t i t id z Ce y t dt R i N4 . 4 �� 	 � �  

 �iz �	R 0ˆ ( )i t4 �	R  � 01( ) :h t � ��R R  �� ��*��

1C E�� . #�	X��1sup ( ) 0
t

h t
�	

 
R

�   �1sup ( )
t

h t M
�	

  �
R

 �� !/�� .

2( ) :h t � ��R R � ��*�� �0C ��/ � ,�$�!	�2� ������ ��1 n  
)16(  

� �2 2

1

1( )
ˆ2 ( , )N

i i ti

h t
y t4 .

�

 
2

 

 )17(  

� �2

1 2 1
ˆ( ) 1 2 ( ) ( , ) 0N

i i ti
h t h t y t4 .

�


 ��  � 

� �

2�  

 j��$; �$(�1( )h t 02 ( )h t0 �� h
�� 0j��$; #�� 6�� T�� n��/ �  �$/
 I�e�)14 (��� EDp� �����!/�� ��� ���
 �/�{& !� ,�"� � !���� � .  

 4%&P4:  n��/ �H�1  �;4  0!	/�� ������SASMO  �� �@ �!� �

 bT��*�)11(  �;)15( E&�7 E�� ���� 0,!/ ,���  [�2�� 6��)3(  #��e; ��

E&�7 6�V) [�2�� �C��$V� !���  #�.���� � ,�$� ����7� �� 6����� ��!��� ��
E&�7 E��� 6��  �� �HE&�7 #�.���� E�� !	
 N�� [�2�� 6��. �   
 ,�"� E��� �/�{& !� 6 0����� ���� #�� 1� ,!�@ E�!� �H  ��7

E&�7 6�V) #�.���� �C���.	� �� �>+ E�� �� �� ���
 0���  ���� ,����� � ���
�� !��� .  

�	�N�: E&�7 6�V) [�2�� 06��!��� ����� 6��� �� N�C�; �� ��  [���
��1 b�$+ �� �
 �$� !��$)  

)18(           1 2
t C t tde A e dt f dt f dt h dt gdW� � � � �� � �  

 �
CA A LC� � 01
1 1 ˆ( ) ( )t tf f x f x� �� 02

2f f S� �� � 0

ˆ( ) ( )t th Bh x Bh x; ;� �
�

� E�� . ���*; �V:� ����7� �� 6��!��� !���

0e < �� d��*; �� �$/ E��� 6�����# $G g� �  �1 2f f f h� � �� � � �  
 �V���)18( �� ��  b�$'� ��$;  

)19(                                         � � ��
t C t tde A e dt fdt GdW  

��
 �2�$� 1�� . A��	� t$�����& j��; !�!��
 \�e��� ��  
)20(  

� � � � � �2
11

ˆ( , , ( ), )
1 ˆ ( ) ( )

T
t i t t

TN
i ii

i

V e t t e Pe

t h t
z

; 4

4 4 ; ; F ; ;
�

� �

� � � � �2

�

� �  

   
  
  
                      

  ���� E<+ 6��� �=�
 f���/4 �� ����� �� [�	
 .
3: nV R R� ��  �� ��*��2,1C E�� .������ �.��
 ���
� ��L �� 0)20( 

[����  
)21(  

� �
� � � � � �
� � 11

ˆ( , , ( ), )

2 1ˆ ˆ( ) ( ) ( ) ( )
2

TT
t i t C t t

TT T
t C t

N T
i i ii

i

LV e t t e A e f Pe

e P A e f

t t tr G GP h t
z

; 4

; F ; ; ; ; F;

4 4 4
�

� �

� � � � � �

� � �2

�
�

� � � �� ��

� �

 

 1� ,��>��� ��)9( ��( �6��y.1 2f f f h� � �� � � �  ��)21(  E�!�
��  !�@  

� � � �
�

� � �

1 1 2 2

1

1

ˆ( , ( ), )

2 ˆ ˆ( ) ( )

1 ( ) ( )
2

TT T
t i t t

T T T T
t t t t

NT T
t t i i ii

i

T

LV e t t e Qe

f Pe e Pf f Pe e Pf

h Pe e Ph t t
z

tr G GP h t

4 ; F ; ; ; ;

F;

4 4 4
�

� � � � � �

� � � � �

� � �

� �

2

� � ��

�� � � � �

�� �

�

)22(  

 �V��� #�=�H �c� ��)6( �� ����� !��:  

Archive of SID

www.SID.ir

www.SID.ir


52 

  
��!��� ���>;� �:�DV; �.���� �7��% 6��$� #�*��� ��$/@ [�2�� 6��� 0����7� ��  

,��1$&�) !��7 0���@ ��$�  
 

Journal of Control, Vol. 4, No. 3, Fall 2010 �	
 ���� !�( 0��4 ,���/ 03 ����� 01389 

 
 

� � � �
� �

� �

2
1

2 2

11

ˆ( , ( ), ) 2 ( )
1 ( )
2

2 ˆ ˆ( ) ( ) ( )

T
t i t t f t

TT T

T T T T T
t t t t

N
i i ii

i

LV e t t e Qe K e P

tr G GP

f Pe e Pf h Pe e Ph

t t h t
z

4 9

; F ; ; ; ; F;

4 4 4
�

� � �

� � � � �

� � � � �

� �2

� � � �� �

� � � �

� �

)23(        

 n�/ ���
� ��4`��;�� ��$) 1� ,��>��� 0  bT��*� 6��y.��( � 0��)7( 
 �)15(  ��)23( �� E�!� !�@.  

)24(  

� �

� � � �
� �

� � � �

2
1

2 2

1

1

1 1

ˆ( , ( ), ) 2 ( ) ( )

1 ( )
2

( )

ˆ2 ( ) ( , )

( , ) ( , )

t i f t

T T
g t t t

TT

N
i i t i ti

TT T T
t t

LV e t t K P Q e

P K C e h Pe e Ph

h t

t Ce y t

P C y t S Pe e P P C y t S

4 9 9

9

; F ; ; ; ; F;

4 4 .

M M

�

� �

% �

� � �

� � � � � �

� �

� � �

2

� �

� � � �� � �  

 6��y.��( ��h�  1� ,��>��� �)13(  �)5(  6��2��� 0)24 ( ��1 b�$'�
�$� !��$):  

)25(� �

� � � �

2 2
1

1
2

1

1 1

ˆ( , ( ), )
12 ( ) ( ) ( )
2

ˆ2 ( ) ( , )

2 ( )

( , ) ( , )

t i

f g t

N
i i t i ti

h t

TT T T
t t

LV e t t

K P Q P K C e

t Ce y t

K K HC e h t

P C y t S Pe e P P C y t S

;

4

9 9 9

4 4 .

M M

�

� �

%


 �� � �� 

� �

� �

�

� � � �

2
�

  

    6��2��� ���
� ��)7(  �/�{& !� ,�"� 6��y.��( �)14( E/�� [���$): 

�

2
1

2

1

2

1
1

1 2 1

1ˆ( , ( ), ) 2 ( ) ( ) ( )
2

ˆ2 2 ( ) ( , )

ˆ2 ( ) ( , )
( )

ˆ( ) ( ) ( , )

t i f g

N
h t t i i ti

N
t i i ti

N
t i i ti

LV e t t K P Q P K C

K K HC e Ce t y t

Ce t y t
h t

Ce h t h t y t

;

4 9 9 9

4 .

4 .

4 .

�

�

�


% � ��
�

� � �

�
�

2
2

2
�

�

)26(  

�6��2��� �H  6��)16(  �)17(  �V��� ��)26(  E�!� !�$/ 6��y.��(
�� !�@  

)27(
�

2
1

2

1ˆ( , ( ), ) 2 ( ) ( ) ( )
2

2 0

t i f g

h t

LV e t t K P Q P K C

K K HC e;

4 9 9 9
% � ��
�

� %

  

  
                          

 ���� �� �($; ��2 )t$�����& 6��!��� ���>;� ( �e� �� ,!/ �����2 �V��� � 
)10( ����� �� E&�7 6�V) [�2�� �
 �$/  ����7� �� ��!��� 6����� �$V� ��

E�� . �� �($; �� �$g �.�� t�% 1�)27(  [����0N , `� 0
2ˆ( , ( ), )t i tLV e t t N e4 % �  #�C	�� �$��= 1� ,��>��� � E�� ������

�� ����� !��.    

)28(  

� � � �

� � � �

2

, 0 0 0 0

2
,

0

2 2
, ,

0 0

0 0 0 0 ,

0

, , , , , ,

0

, , , , , ,

t

e t i i

e t s

e t s e s s

i e t i

LV N e

E V e t V e t

E N e ds

N E e ds N E e ds

V e t E V e t

/ / /

/

/ /

/ / /

4 ; / 4 ;

4 ; 4 ; /

% � % ��

� � %

�  �

��  �

% � �  �

+

+ +

� �� �

� �� �

 

   �$g2
, 0e s sE e �  E&����� [& �D% 0E��]25[  �
 �$/ �� �����

 #�.����E&�7 #��e; 6�V) Z�� �� N�� �>+ E�� �� �� !	
  6�	*� �� �

E&�7 #�.���� ����.�� E&�7 �� ,!/ ,�1 #��e; 6��  0E�� ��+� 6��

x t x tt
lim E x E x
��

��.�  

�*�4 1 :�H��� 1� �C� ��	.�� 6�� @ 6�� d�% ��$� ���$�� ��$/
 ��	.�� d�% #�����	� 0E�� �2��
�=( )Bh x E&�7 1� �*��; �
  ��$/@ 6��

 E�� �� � ,�$� ���$����	.�� #�� �����   T�� �D;�� 1� ����E�� ]26[ . #�����	�
�� ���� k��<; ���� f���/ j(�� ]25 [� E�� ������  ���� �D% ����� ��2 

(�� j]10[ E�� ,!/ #���; ��������� ����.��. �   
 6�V) [�2�� ����7� �� 6��!��� b�D�� ,!/ ����� ���� E���

E&�7 E�� �� .��
 #�	X��  0�!� �� �	�*��� � ��$� �$(� [U�
SASMO  0�(��) ����� 1� ,��>��� �� �"	; E�� ���� ,!/ �����

E&�7 !��� #��e; �� [�2�� 6�� .�"� �C	�� ���"�E��� �/�{& !� ,  �H
E&�7 #��e; 6�V) �C���.	� ��7 � E�� ��� ���
 �����  kg$
 ��

�� ���� ,����� �$/ �� !���.  

5- �+	� 4%�7 b"	�*  
��D/ a���� E�2� #�� ��  61��SASMO E�� ,!/ ,���@ . �� �($; ��

 6�����SASMO E&�7 #��e; �� �� ��  �@ 6��� �>��e� �����
 ���$� ��$;
�c� �� E=�H .E��� �����$; N�&!� E&�7 #��e; �� �H [�2�� 6��  ���2� 6��

 0�V)��USASMO ������ s�% k� ��  @$g ��$/@ ��!� O��� �� 61��
E�� ��=� ��C�. !/ ����� @$g �$G& f�$; �!��� �� ��!� #�� �
 E�� �
z �� Z1T

�:<; �Q�7 ��7 �� �  �@ d��e� 6��!� 6��]27 [�����
 6����  6�� 6���2�
 E�� \$/@ ���c� ��]28 .[,�� �� ��+� [�2�� !/ ,��/� ]D� �
 �$V����  1�!��

)@$g ��!� O��� �� (E��� �  w��� �� �H)@$g ��!� O��� �� (,!���� [�� .
,�� bT��*� E�� ��1 b�$'� 1�!��.  

1 1 1
1 1

2 2
2 2 2

3 3
0

0

1

10

bG G G
C C C

x x
G Gx x
C C C

x x
R

L L

� �� �� �
� �� � � �
� �� � � �� �� �� � � �
� �� � � �� � � �� �

� �� �
� �

�

�

�
)29(                  

Archive of SID

www.SID.ir

www.SID.ir


6��$� #�*��� ��$/@ [�2�� 6��� 0����7� �� ��!��� ���>;� �:�DV; �.���� �7��%  
,��1$&�) !��7 0���@ ��$�  

53 

  
 

Journal of Control, Vol. 4, No. 3, Fall 2010  !�( 0���	
 ����4 ,���/ 03 ����� 01389 

 
 

                          

� �

# $

1 1
1

1

2

3

2
0
0

( ) 1 0 1

a bG G x E x E
C

x
z t x

x

�� �� � � �� �
� �
� ��
� �
� �
� �� �

� �
� �� � �
� �� �

              

 �
 ������� 6��� 6��  

 30.711 10bG �� � & 031.139 10G �� � & 00 20R � 0
1000R � 09

1 17 10C �� & 01E �  �9
2 178 10C �� &  ��$/@

E��� bT��*� E��  �� �Hk���	�� �($;  @$g ��!� 6��)29( �� � ����� 0
 b�$+)1 (E�� ,!/ �2�$�1�� . �� �($; �� �C	��E&�7 b����{; �	��� 6�� 
� [�2�� ����
 ���7 ��$� ��$/@ N�&� ���  ��!<� ��$/@ \z�( �� ��*�� �

L 0!	�2� E���  6����& �/ ��<� ��)��$/@ \z�( �� ( �7��% 6��� ��1
E��� ,!/ ��=�H �c� �� �H !�� .  

                                                               13, 500g fK K� �  
  

,�� [�2�� N
 1�!��- 6��� � b��>�� ��&�� f���/ �� w���01/0  �����
��D/ E�� ,!/ 61�� . NC/1 ����=��� ���� �� @$g ��!� ��$/@ 6� !��.  ��

 E�2�)d&� ( NC/)1 (E&�7 ,�� 6��  ��@ ��� �� 1�!��)��$; f) ( �
E&�7  ���� ��� �� w��� 6��)#�g f) (E�� ,!/ ,���@ . �� E�2�)\( 

E&�7 #��e; 6�V)  ��@ ��� �� ��)��$; f) ( �� #��e; 6�V) #�.���� �
 ���� ���)#�g f) (E��  ,!/ ,���@.  

�� ,!���� NC/ �� �($; ��  �$/E&�7 #��e; 6�V) ��  6�V) #�.���� �
E&�7 #��e; ���
 ���1 E/yH �� �� �� ���� ��� ���	! . #��e; 6�V) #�.����

E&�7  ��� � # $1.832-2, 2.32E-3, 5.24E-8 TE e �  �@ ���*� 1� t��<�� �

� � # $-4.67E-4, -1.202E-3, 3.63E-6 TVar e �  �� �
 E�����1 b!�  ��D/
!/ �D��<� 61��, !��. �� ,!����  �$/ �
 ���*� 1� t��<�� � #�.���� �� �V)

 ���1 E/yH�� N�� �>+ E�� �� E&�7 A��	� #��e; �.���� �
 !		
  6��
,��  f�$; 1�!��SASMO E��.  NC/)2( ,�� ��$/@ \z�(  �� w��� � 1�!��

�� ���� !��.  NC/ ��)3( ,�� �(��)  ,���@ �(��) #��e; 6�V) � 1�!��

 ,!/E�� kg$
 ���2� �.  

0 0.002 0.004 0.006 0.008 0.01
-4

-2

0

2

4

x1

States (x and x
SASMO

)

x
xSASMO

0 0.002 0.004 0.006 0.008 0.01
-1

-0.5

0

0.5

1
Normalized State Errors and Their Expectations

ex1

E(ex1)

0 0.002 0.004 0.006 0.008 0.01
-1

-0.5

0

0.5

1

x2

0 0.002 0.004 0.006 0.008 0.01
-1

-0.5

0

0.5

1

0 0.002 0.004 0.006 0.008 0.01
-5

0

5
x 10

-3

x3

Time (Sec.)
0 0.002 0.004 0.006 0.008 0.01

-1

-0.5

0

0.5

1

Time (Sec.)�
)\                (                                                                                      )d&�(  

 NC/)1( :)d&� (E&�7 ,�� 6��  1�!��)��$; f) 0��@ ( w��� �)#�g f) 0����.( )\( E&�7 #��e; ,!/ ,��&���� 6�V)  ��)��$; f) 0��@ (�  ,��&���� #��e; 6�V) #�.����
 ,!/)#�g f) 0����.(  

  

Archive of SID

www.SID.ir

www.SID.ir


54                            ���	
 1� ,��>��� �� �@ 61����!��� � ���*; �V:� k� �� ,���� !�!( 6T�� !*� ^�	�$/@ [�2�� k� �B����= ,!		
�V) E&�7 k�!                      
      Q�!�<� 0��$�� ��
 �;��g ����7� ���1 0 ��V�!��( ��

 

Journal of Control, Vol. 4, No. 3, Fall 2010 �	
 ���� !�( 0��4 ,���/ 03 ����� 01389 

 
 

-2

0

2

-0.8-0.6-0.4-0.200.20.40.60.8

-4

-3

-2

-1

0

1

2

3

4

x 10-3

Drive System (X) and Observer (AIO) (X
SASMO

) States

X
XSASMO

End

Start

  
 NC/)2( :,�� ��$/@ \z�(  1�!��)��$; f) 0��@ ( w��� �)#�g f) 0����.(  
  

 SASMO  ��2��$; 6!*� k; 6��$� �(��) k� �"	; 1� ,��>��� ��
E&�7 E��  A��	� �$V� �� �!� � ������� �	�*��� �� ��$/@ @$g ��!� 6��

�� #��e;!� . NC/ ��)4( ,�"�  E��� �/�{& !� E�� ,!/ ,���@ �H.  
,�"�  E��� �/�{& !� �� ���{; 6�$% �H  06��!��� �>7 #�7 �� �
 !���

�	�*��� � ��$� ��� #��e; �� �� E&�7 !��� ���
 �� .,�"� 0#�� �� ,�]
   !�
E��� �/�{& �� ���� ��!<� ����� �H !���.  NC/)5(  �� ������� #��e; ����

�� !��.  

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
-4

-2

0

2

4
Output (Z) and Observer (AIO) Output(Z

SASMO
)

Z
Z

SASMO

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
-0.4

-0.2

0

0.2

0.4
Normalized Output Error(Z)

Time(Sec.)

E
z

(a)

(b)�
 NC/)3( :)a( ,�� �(��)  1�!��)��$; f) 0��@ ( �(��) �SASMO ) 0����

#�g f).(�)b( �(��) #��e; 6�V).  

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
-20

0

20

S1

Stochastic Adaptive Sliding Mode Observer Adaptation Gain

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
-0.02

-0.01

0

0.01

S2

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
-5

0

5
x 10-6

S3

Time(Sec.)�
 NC/)4( :,�"� �����  E��� �/�{& !� �H.  

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
-4.4

-4.35

-4.3

-4.25

-4.2

-4.15
x 104

Time(Sec.)

Estimated Parameters

PGbC1delta

PGbC1

�
 NC/)5 :( ,!/ ,�1 #��e; �������)��$; f) 0��@ ( �*��� ������� �) 0����

#�g f).(  
@ [�2�� �C	�� �� �($; �� 6!�!/ E���27 ��������� ���{; �� ED2� ��$/

�� �$"�� ������� #��e; 0���� E&�7 #��e; 6�V) ���
 �� !��$;  �� �$D"� �
,�� #�� �������  w��� � 1�!��!/�� ��/�� ����� �� ����;  #��e; ��!� �C��$% ��

E�� #C�� ��U ������� ����� ��������� . NC/)6( ��� � t$�����& j��; [� �
 ����1�� ���� �� ������ �.��
 ���
� �� t$�����& j��; ���>;� !�� . j��; ��!:�

t$�����& j��; ����1 ���� ��!:� � EDp� ����� t$�����&  ,�$� �>	� ����� �
 ���� �=�
 f���/ 6������2 �� ���� �� !��.  

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
1.8095

1.81

1.8105

1.811

1.8115
Lyapunov Function

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
-15

-10

-5

0

5
time-Derivative of Lyapunov Function

Time (Sec.)

(a)

(b)�
 NC/)6) :(a (t$�����& j��;) .b (�
� �� t$�����& j��; ����1 ���� ��

������ �.��
  

Archive of SID

www.SID.ir

www.SID.ir


6��$� #�*��� ��$/@ [�2�� 6��� 0����7� �� ��!��� ���>;� �:�DV; �.���� �7��%  
,��1$&�) !��7 0���@ ��$�  

55 

  
 

Journal of Control,  Vol. 3, No. 1, Spring 2009  !�( 0���	
 ����3 ,���/ 01 ��"� 01388  
 

6- 4X%�*  ��%:  
E��� k� �&�:� #�� ��  ��$	
 E<; !�!( ���>;� �:�DV; �HSASMO 

E�� ,!/ ����� .E����� ���( 1�  6��SASMO ���� �!� #�2��� �� 1��� Z!
 0
��  [�2�� �C��$V� E�� [�2�� �	�*��� N��/ !��$; !/�� ������� � �!� 6�� .

�$; �!� �	�*��� 6T�� ���
 fSASMO �� ,�1 #��e;  #��e; 6��� � �$/
E�� ,!/ ��=�H �c� �� �D��	� ���V; �$��� [� #�*��� 6��������� . ��$�

,1�!�� ,!/ �!� ������ E
�7 f�$; 6��H  A��	� d�+$; 6��� �  0�;
E���  6�V) [�2�� 6��!��� � 61�2&!� ���>;� N�2���>�� bT��*� f�$; �H
E&�7 �!��� ���� f�$; ��E�� ,!/ b�D�� ���>;� t$�����& 6� .,�"�   �/�{& !�
E��� E&�7 #��e; 6�V) ���� ��7 ����� ,!/ ����� �H  N�� �>+ E�� �� ��

�� E�� ��!<� � ,����� 0!	
 .E����� �� �($; ��  6��SASMO0  �� �@ 1�
������ s�% k� [�2�� 61�� ��$/@ 6�� @$g ��!� O��� ��  N�$
 ��	.�� ��

 �=�VC�E��� �����$; � ,��>��� �&�C�� 6��$� E&�7 #��e; �� �H  [�2�� 6��
,�� ��D/ 1� ,��>��� �� #�*��� 1�!�� E�� ,!/ ,��� ���� 61�� .  

��	_�D���  
E�� ,!/ E���7 ����� b����e� b�:�:<; �
�� f�$; ��:<; #��.  

/6���  
[1] Lorenz, E.N., 1963, “Deterministic non periodic 

flow”, Journal of Atmos. Science, 20, 130-141. 

[2] Ott, E., Grebogi, C., Yorke, J.A., 1990, “Controlling 
chaos,” Physical Review Letters, 64, 11, 1196-1199. 

[3] Cuomo K.M., Oppenheim, A.V., 1993, “Circuit 
implementation of synchronized chaos with 
applications to communications”, Physics Review 
Letters, 71, 65-68. 

[4] Cuomo, K.M., Oppenheim, A.V., Strogatz, S.H. , 
1993, “Synchronization of Lorenz based chaotic 
circuits with applications to communications”, IEEE 
Transaction on Circuits and Systems-I: 
Fundamental theory and applications, 40, 626-633. 

[5] Pecora L.M., Carroll, T.L., 1990, “Synchronization in 
chaotic systems,” Physics Review Letters, 64, 821-
824. 

[6] Yang, T., 2004, “A survey of chaotic secure 
communication systems”, International Journal of 
Computational Cognition, vol. 2, no. 2, pp. 81-130. 

[7] Azemi A., Yaz, E.E., 2000, “Sliding-mode adaptive 
observer approach to chaotic synchronization”, 
Transaction of ASME, 122, 758-765. 

[8] Rodriguez, A., Leon, D.J., Femat, R., 2007, “Chaos 
suppression based on adaptive observer for a P-class 
of chaotic systems”, Chaos, Solitons and Fractals, 
vol. 32, pp. 1345-1356. 

 [9] Arefi M.M., Jahed-Motlagh M.R., 2010, "Adaptive 
robust synchronization of Rossler systems in the 
presence of unknown matched time-varying 
parameters", Communications in Nonlinear Science 
and Numerical Simulation, vol. 15, no. 12, pp. 4149-
4157. 

[10] Zhu, F., 2008, “Full-Order and reduced-Order 
Observer-based Synchronization for Chaotic 
Systems with unknown Disturbances and 
Parameters”, Physics letters A, 372, 223-232. 

[11] Stamnesa, Ø.N., Aamo, O.M., Kaasa, G.O., 2011, 
“Redesign of adaptive observersnext term for 
improved previous termparameternext term 
identification in nonlinear systemsstar”, Automatica, 
47, 2, 403-410. 

[12] Kakmeni, F.M., Bowong S., Tchawoua C., 2006, 
“Nonlinear Adaptive Synchronization of a Class of 
Chaotic Systems”, Physics Letters A, 355, 47-54. 

[13] Morgul, O., Solak, E., Akgul, M., 2003, “Observer 
based Chaotic Message transmission”, International 
journal of Bifurcation & Chaos, 13, 4, 1003-1017. 

[14] Hyuna, C.H., Parkb, C.W., Kima, J.H., Parka, M., 
2007, “Synchronization and secure communication 
of chaotic systems via robust adaptive high-gain 
fuzzy observer”, Chaos, Solitons & Fractals, 40, 5, 
2200-2209. 

[15] Sunga, W.J., Leea, S.C., You, K.H., 2010, “Ultra-
precision positioning using adaptivenext term 
fuzzy-Kalman filter observer”, Precision 
Engineering, 34, 1, 195-199 

[16] Ayati, M., Khaloozadeh, H., 2010, “A Stable Chaos 
Synchronization Scheme for Nonlinear Uncertain 
Systems”, IET Control Theory and Applications, 4, 
3, 437-447. 

[17] Ayati, M., Khaloozadeh, H., 2009, “A stable 
adaptive synchronization scheme for uncertain 
chaotic systems via observer”, Chaos, Solitons and 
Fractals, 42, 2473–2483. 

[18] Oksendal, B., Stochastic differential equations an 
introduction with applications, 6th Edition, Springer 
Verlag, 2007. 

[19] X., Mao, Stochastic differential equations and their 
applications. Horwood Publishing, Chechester, 
1997. 

[20] Kushner, H.J., Stochastic stability and control, 
Academic Press, New York, 1967. 

[21] Chen, C.C., Yao, K., 2000, “Stochastic-calculus-
based numerical Evaluation and performance 
analysis of chaotic communication systems”, IEEE 
Transaction on Circuits and systems-I: 
Fundamental Theory and Applications, 47, 12, 
1663-1672. 

[22] Raoufi, R., and Khaloozadeh, H., 2004, “A modified 
robust adaptive chaos synchronization”, 
International Conference on Signal Processing & 
Communication, Bangalore, India, 76-80. 

[23] Khalil, H., Nonlinear systems, Prentice Hall, Upper 
Saddle River, NewJersey, Ed. 3, 2002. 

[24] Sun, Y., Cao, J., 2007, “Adaptive synchronization 
between two different niose-perturbed chaotic 
systems with fully unknown parameters”, Physica 
A, 376, 253-265. 

�

Archive of SID

www.SID.ir

www.SID.ir

