
1 

 

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

��
��
  

� �� ������� �����  ��! ��"�#�����$  

���%&$ '�()11 +,� '�() '��-
1⁕  

1- �����	
 ���
�� �������
���	
 � 
�� �
�� ��	��	 

* ���� ������� �	
�
� 
��: bozorg@yazd.ac.ir 

�'�./   

"��#  $�#%�� �
&�'
( ��
��
��) 
& �

*+�	 )	 ,�� ���+��� �-
(  )	 $�.(	 ��/
& �
 '�&0
� "�	 �
&�
( �	
��1�& $�	 .'�&0
� ��+�� �& ,��  

����+��� �� �	�&	 ��.3 '	�& 4+����5	'
( 6�	� '�&0
� 73 �
 �-
(  )	 ,��'
( ��� 
.��� �

*+�	 ���
�8 ���8
& .$�.(	 �

*+�	 )	 ,��'
( ���+��� 

�
 '�&0
� 9�
�0 ��
��
��)  ��
�)�	��:0
 ��
�8 73 7& 7;�	0 <�	�8 ��) �=- �
��	 ���+�
 7& �
	
'
( 4+��� $�#%��=
� ��
�> 0 ?	��	 
	����� 


�>0 ��7+8	 0 '�&0
� ��3 
& �

*+�	 )	 �
	
'
( ��
(���@ ��A� �@	0 �)	��	'��B �����	 0 $���6��'
( '�CD	
 0 �& E
�	 ,��'
( ������+ F
G�	 

��
��B .7& ��A�� �

�D')
� 4+����5	 '�&0
� ��+�� �& ,�� ����+��� 7& �� ,�� H�%
 '	�& 9�
�0 ��
��
��) )
�� $�	 73 I�	�J D'
� �;1 0 �'�
�K 

)	 7C.> "��+.�� I�	�J �	LB��M
  �
 $%
 �- ��+�( .�
 "�	 �75
N� I�	�J '
�D �;1 0 '�
�K '	�& �� 7��.� �
&� ��
��
��) $�	�( )	 �	� �0
 &
 

�

*+�	 )	 '
(�+C�K ".5
3 �;1��O 7#�� 7+K
� 0 &�& �0� "�.P  �
) �����8 .'	�& "�	 ���A�� �� ,�� Q8 7>�
 '
	)- )	 �
&� ��
��
��) &'	� 

7��8')
� $3�@ ��- 
��� �

*+�	 �	�% ��
��B .RS� '
0�0 0 �>0�1'
( ,�� 7��8')
� ���8 7& 4+����5	'
( "�.P  �
	
 �����8 
  I�	�J D'
� 

�;1 0 '�
�K �
&� ��
�
�8 ���8 .�� �
�� ���
��
0���( I�	�J '	�& ��8 ��
�
�8 ��

N� 7��
N��& �0�& ".5
3 �+C�K 73 �(
 J "�	 $%
 
& 	� I�	�

�� "�.P  7+K
� 7#��  ".5
3 �+C�K 7& $��� '�+��& �"��T.( .��)7��
N� 6�
+� 7��8')
� '
(���
� �
&� 
&  )	 �

*+�	I�	�J �8��
�
 ��8 0 I�	�J 

�#%	0 ���- $�
 7& �+3�@ '
(���� 7��
N� 0� �
�� ���(
 73  <��  ��8 ��
�
�8 I�	�J )	 9U
@ ����+C�K".5
3� �& �0�&���� 7&  � 0 $3�@ �#%	

��
�� 7C��0.$�	 �   

 ��� #�'� #  

 �������� ���� �
��	 +0���� ��!��)�
������ �
��	 + � ��"�#�� �� + �
���1� 2�'34�1� ��"�#�� �� +3���
  

                                                             
 

 

 

 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



2 

 

      1-3)'6) 

      
& $�  F
G�	 ��A�� 7& )
�� 
��� �	���G  "��
  '/
& 7���( 7& 7>�  $�> ���T�D '
(���
� '	�>	 �
��	 F�� 0 �(
���
�)- '
(

W0� )	 �

*+�	 
& "�.P  6�
+� �+.3 $%
 0 W0� "�	 �
 ����
��
0���( I�	�J 7��
X�7��8 '
( ���
� ')
��
X� �/
�� ���
��
� 
�1 

4+����5	���
�B 7Y	�	 ,�� �& ��+�� "�.P  '
( .��	
(�+�	�
D ��
�
�8 W0� "�	  '
�	�� )	 ���� 3 "�@ �
 
(�+�	�
D "�	 ��
�
�8 $�C&
% 0 �


4+����5	 "�� 
�&�
3�D )	 ".5
3 '
(�+C�K .$�	 ZC+P� '�
3 <�	�8 �
 
��- <1�& ��
�� )0� 7&
 73 ��+�( ,�� �& ��+�� "�.P  '
(�  [	��	

��8 7Y	�	 �;1��O 0 �;1Q(0\D �
 )
��
��� 
�&�
3 0 $%
 7& 7>�  
& 0 ��	�� �	�% �

*+�	 
��� ZC+P� '
( .����B"�.P  ��A�� 7&  H�%


7��8 '	�& ��-�
3 0 H�%
 ,�� �� "+8	
 �".5
3 '
(�+C�K 
& ��
��
��) �
&� ����
��
0���( I�	�J�5	 ��
��
��) �
&� $3�@ ')
�	 ��

 .$�	�
 ]1[ 7�CN� 9�
�0 �C3 ')
�5�� 7& �
&� )	 4�	 ��
��
�+�3 0 ��
��
��) '
(7+1	
�D \�	�B/ 0 " ��� W0� 0
 �( 7& 
( $�	 ��8 .

 "�	 �
 �"�	 �& �0_�`�&��(2 4+����5	�
3
�1 �
�C1 0 �5�+�3 '
(3 �
&� [	��	 '	�&7+K�B �	�% ����& 
��� ��� ��
��
��) '
( "�	 �
 .��	

 [�� )	 ��
��
��) �
&� '	�& '
	)- 7>�
 Q8 ,�� �� �`�&��( �
&��0
 �	� )	 ,�+�3 ��
��
��)4  I�	�J ��
.  "+K�B �A��
 
&

 �
 .$�	 �J
@ ,
@ Q(0\D �
 ')
�5�� '
��� 73 ���
�B 7Y	�	 ��- 7& 9c+� 9&
3 '0��� �M	 "+K�B �A��
 �0�& 0 ����
��
0���(]2[ �

��.� �� $1
� 0 �@	�d �0
 �	� )	 ,�+�3 ��
��
��) �
&� 7 "+K�B �A��
 
& �/

#� Q(0\D "�	 �
 .$�	 7+K�B �	�% ����& 
��� ����	� Q8

 ,�� '
����& $�#%�� ����3 ,�+�3 �7�	
	 �
 .$�	 ��8 ')
�5�� ��� 
(����	� 0 ���
�B ?	�P+�	 �
&� �+3�@���+��� ��� �@	�d 4+

 $�#%�� 0 7+K�B�	�% Q�
�)- 
��� F���	�3- �� 91	
 �
&� ��
3 "�	 '	�& .$�	 7+K�B�	�% ����& 
��� �#%	0 <�	�8 �
 �- 
��C.� 0 ��8

'�#& 7� "�&�0
 �� H��d )	 �- �#%	05 7��8 )	 9U
@ �>0�1 
& �
&� $�#%�� �
�
D �
 0 ��8 ?	�P+�	 F���	�3- )	 �0��& �
 ')
� 
���

 �
 .$�	 7+K�B�	�% 7��
N�]3[  ���&� 7��.� �� '
	)- 7>�
 Q8 ')
�5�� 7&[�� )	 ��
��
��) �
 �0
 �	� )	 ,�+�3  )	 .$�	 ��8 7+1	
�D

�)
� �
�&0 �
 �
&� '
(����	� Q�
�)- )	 9U
@ �&�G  6�
+� 0 ��8 7Y	�	 Q(0\D "�	 �
 
�D 0 �
0�K	 F�> I�	�J '
�� ��

N� 73 ��
G�-� �


N� �	��� 7& ��3L� Q(0\D �
 ��8 7Y	�	 '
�� ��

N� �$�	 ��8 �
	
 �
�� �-7��8 0 ')
�5�� �
 f>�� 0 H�%
 ��
 ��3L� �
&� ')
�

��8 7+K�B �A��
.��	   

      �
 ]4[  ��G� �

*+�	 
��� �
&� Q(0\D "�	 �
 .$�	 ��8 ����& �(
� W�0�D [�	�� �
 �

*+�	 
��� ��
��
��) �
&� $�#%�� "�.P 

 ���@ 7&$���'�CD	
 6��6 7#��  ".5
3�+C�K )	 Q(0\D "�	 �
 .$�	 '���5 "�&�0
 07+K
�7  	�+&	 �
 .$�	 ��8 �

*+�	 $�#%�� "�.P  �


�
	
 )	�)	��	 '
('��B $��� '�CD	
 6���
	
 �

*+�	 
& $�#%�� "�.P  RS� ��8 �

*+�	 $�#%�� "�.P  �
��U  '���5 "�&�0
 '
( �

P  6�
+� 7��
N� )	 .$�	 7+K�B$�#%�� 73 $�	 ��8 �
	
 �
�� �R*% �
 ��8 �
�.�D ���� 
& $�#%�� "�.�
	
 )	 �

*+�	 
& �&
� $��& '
(

'���5 "�&�0
 )	 ���- ��@ 7& $��� '� /
& $%
 
&$��� �'�CD	
 6�� .$�	 7+K�B ���U �
 ]5[  [�� )	 ��
��
��) �
&� �� ���� "�.P 

 �0
 �	� )	 ,�+�37#��  ".5
3�+C�K )	 �

*+�	 
&7+K
� �

�D ��A�� 7& ���- $��& "�.P  6�
+� .$�	 ��8 F
G�	,�+�3 ')
�����3 Q�D"�&8 

�
��> )	 �8
� �
8
�+O	 ��j@ �
.$�	 7+K�B �	�% �

*+�	 
��� �&- '
(  k�K ���� 7��
N� 
& �
&� $3�@ '	�& ��88 �d ���� 0 ��

�
��> )	 �8
� �
8
�+O	 ��j@ �
 �
&� <�� �&- '
( �

�D 
& 0,�+�3 ')
�Q�D ����3"�& ,�+�3 73 $�	 ��8 lP����3Q�D �� "�&

�.P  ��

N� 
&7#��  ".5
3�+C�K <��  ��8 �
) ".$�	 7+8	
 I�
�� _�
3 '
��C.� 7+K
� 
 �]6[���� "�.P  � 7��.� ��  ��
��
��) �
&�

                                                             
1 Computational Fluid Dynamics 
2 Handbook 
3 Autopilot  
4 Remotely Operated Vehicle 
5 Stereo vision camera 
6 Doppler Velocity Log 
7 Extended Klaman Filter 
8 Model Predictive control 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



3 

 

�0
 �	� )	 ,�+�3  W0� 7� 7&7#��  ".5
3 �+C�K7+K
� � �0�& ".5
3 �+C�K�&1  0'�3�� 9J
*  ".5
3 �+C�K2  �
 .$�	 7+K�B �	�% ����& 
���

 
��C.� Q(0\D "�	".5
3 �+C�K  '�3�� 9J
*  ���
� �& �0�& ".5
3 �+C�K 7C@�� �
 
.��� m
N� ��5�  73 �0
*  "�	 
& $�	 ��8 �K�#�

 4+����5	 �
�+�	 '�3�� 9J
* �� F
G�	 n��5�+�	 �&
��0�
 
&�� �
A+�	 $�> "�	 )	 0 
��B$��� '� /
& $%
 '	�	
 
0� K 7& �0�& ".5
3 �+C�

 �&7��8 )	 RD .�8
& ,�� ')
�F�� H��d )	 k0�*�7��8 �	�K	�&�B )
�3 �
�� 0 7+K�B �	�% ����& 
��� W0� 7� �( 7& ���� "�.P  6�
+� �

 73 $�	 ��8 �
	
 6�
+� "�.P '�3�� 9J
*  ".5
3 �+C�K 0 �& �0�& ".5
3 �+C�K  7& $��� �+.3 ��
;1 '	�	
�+C�K 5
37#��  ". 7+K
�

���
�� Q(0\D "�	 �
 ��8 7Y	�	 6�
+� .��8
& �� ".5
3 �+C�K 73 �(
 '�3�� 9J
*  7& $����& �0�& ".5
3 �+C�K  '��:
� �U�
 '	�	


�� �+.3 '
;14+��� �
 �0
*  "�	 73 �8
&�
&� ��A� ��
( �& 7��5
@ �
 $8	LB �(	�P� ����X� ��M
  �	��: ��
��
��) '
(+C�K '� �

*  ".5
3'�3�� 9J
  7& $����& �0�& ".5
3 �+C�K 4+��� �
"�&��  ��A� /
& �
��& $��
�@ 
& ��
(� $��� 
& '

& '
( E��X� ��o+

 
�& �(	�1]7[.  �
]8[ [�� )	 ��
��
��) �
&� $�#%�� "�.P  7& ��
3
�14 �
	
 I�3�  E
�	 �& ���@ 0
 '
(�����	 '�&0
�5  <1 0

�
 �3 '
���6  '
(���@ .$�	 ��8 7+1	
�D�
 �3 '
��� <1  �
�+��	 <��  73 ���+��K �+��& 
� 7� 
	�#  <��  � �U ?	��	 ,
��	 
&

�� 9.@ =- p;� '0� �& 7+K�B�	�% �0
�8�)	��	 �0
�8 �
�+��	 
  	� �&-��) q	�(	 7CU
K ����8�� '��B�
	
 I�3�  )	 .��3( "�	 '


 ��A� 
(���@ ��
� 
& ���@���@ �� 7��
X� =- ��) �
 q	�(	 $�#%�� ��
�K .
�8 "�	 ��� 
.��� ,�� ?	�P+�	 
& Q(0\D "�	 �


�
	
 E
�	 �& 0 ���@ 0
7#��  ".5
3�+C�K W0� 0
 7& �
&� $�#%�� "�.P  7& �#%	0 '
(E
�	 �& .$�	 ��8 7+1	
�D �& �0�& 0 7+K
� 

	 
& �
&� ��8 �
) "�.P  $�#%�� ���8 7Y	�	 6�
+�7#��  ".5
3�+C�K 7& $��� '� /
& $%
 )	 �& �0�& ".5
3�+C�K )	 �

*+� 7+K
�

)	 �

*+�	 73 $�	 ��8 �
	
 �
�� Q(0\D "�	 �
 .$�	 �	
��1�&  �
 �3 
��� <1 ���@�
�3 �
  �����	 '�&0
� ���@�& ��M
  ��	�

,	��+�	 )	 �8
� '
;1 Q(
3 �
�
	
 )	 '��B'
( ����	 '�&0
� ���@ �$�#%�� F
��( 7&.
�	
 �
&� �&
�  

      "�.P  )	 �

*+�	 �
(�+�	�
D ��
�
�8 W0� �� �8 ��
8	 73 ��d �
.( �/_+1	 0 
(���� �M	 Q(
3 ��A� �C�/
 7& W0� "�	 .$�	 
(�B

�
	
 �
Q�
�)- F
G�	 F
��( 7& 
(���@ )	 �+K
��
 '
(+�	�
D 0 $5
@ '
(��o+� 7��
X� ��&�G  '
( 0 Ic� �
��	 73 �;�	�8 �
 ,�� '
(�

�.� ���@ )	 �

*+�	 .$�	 7+K�B �	�% 7>�  
��� �
��& $����
� F
G�	 �
�) �
 
(���@ �B

+K	 �
3 )	 F
��( 7& 
� 0 �8
& �
]9[ "�.P  �

 �� ����
��
0���( I�	�J�
3
�1 ��
��
��) �
&� 7#��  ".5
3�+C�K W0� 7� 7&& �7+K
��& �0� & ".5
3�+C�K 0�& �0� 7���&7  
���

& ".5
3�+C�K �
 .$�	 7+K�B �	�% ����&�& �0� E
�N� �+�	�
D �7���&'�	LB8 �)0 �
 �	LB��M
  9�	�� )	 ��� �	��� 7&
.��� m
N� �(
9 

 ���U 7&7��B 7& $�	 ��8 k�K �
�) 
& ��o+��
�
	�B Q(
3 4+����5	 E
�	 �& �"�.P  )	 7C@�� �( �
 �+�	�
D "�	 73 '	10  Q(
3

�� .�&
� '���� ,�� �Q(0\D "�	 �
 "��T.(`�X+� "���
�� 7+��.(
�111 R�� 
� 7��
X� ��A�� 7&�)	��	 0 ���-�K ���� '
( '��B

 ,�� "+K�B �A� �
 
& 4+����5	 7� �( 6�
+� �
�
D �
 0 $�	 7+K�B �	�% ����& 
��� "�.P  4+����5	 )	 7C@�� �( �
��.(
�1 7+

`�X+� "���
�� .$�	 ���
�B 7��
N� ��- �0�& 0  �
]10[ �t�;� I�	�J 0 -�& I�	�J �'�
�K '
�D ����
��
0���( I�	�J "�.P  

 [�� )	 ��
��
��) �
&� 7��.� �� �5�+�3�
3
�1 4+����5	 .$�	 7+K�B �	�% ����& 
��� u�D�
� ���
� �� F
G�	 F
��( �
  '
( "�.P

 7#��  ".5
3�+C�K 9�
8 75
N� "�	 �
 �

*+�	 
����& 0 7+K
���#�� ".5
3�+C�K �	�.( 7& 
�12  ".5
3�+C�K Q(0\D "�	 �
 .��+�(

                                                             
1 Unscented Kalman Filter 
2 Central Difference Kalman Filter 
3 Gazebo 
4 Autonomous Underwater Vehicle 
5 Inertia Navigation System 
6 Short BaseLine 
7 Optimized Unscented Kalman Filter 
8 Scaling parameter 
9 Sigma points 
10 Gradient descent 
11 Autoregressive Moving Average 
12 Cubature Kalman Filter 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



4 

 

)	 ��� ��#�� 71
8��)�& ".5
3�+C�K '
( �
) "�.P  I�	�J 73 $�	 ��8 �
	
 �
�� 0 ��8 �K�#� �+.3 '
.��� m
N� 
	�#  
& 
�

�& ".5
3 '
(�+C�K 
& ��8 7#��  ".5
3�+C�K 7& $��� '� /
& $%
 )	 ��#�� 0 
�"�.P  "��T.( .$�	 �	
��1�& 7+K
� ���U '
(

�& ".5
3�+C�K <��  7+K�B$��� 
� �
�& '� /
& $%
 
& 0 �+�& ��#�� ".5
3�+C�K 7&'	�	
 4+����5	 0
 �( 73 �5
@�
 ���	  � 
��
X� �
&

 .��+�( �
��� �
]11[ �

�D $�
�� �
 0 ����
��
 ,�� ��
�
�8 7&��
��
��) �
&� 7��.� �� ���� ,�+�3 4+����5	 ')
� ( )	 $�	�

�0
 �	� ��@ 7& ��G� �
&� ��8 k�K Q(0\D "�	 �
 .$�	 ��8 7+1	
�D$��� '
(��'�CD	
 6�� �
 �3 '
��� <1 � �����	 '�&0
�

7C.> ��: �� ���U 7& ���8 7+K�B �A� �
 �
�� 7�#> ,�� �� I5
% �
 73 �
&� �+3�@ ,�� .$�	 6���
�K ���@ 0J 
& '	 I�	�

@ '
(
+�	� ��
.  �
 $3�@ '	�& lP��
�.$�	 ��8 7+K�B �A� �
 �+3� '
0�0�
	
 �	�.( 7& ,�� 7& ��8 �
	
 '
(�)	��	 '
( '��B

�>0�1 �	��� 7& ��3L� '
(���@ )	 ���- $��& 4+����5	 7& 4+��� '
( �
#&�� 9%	�@�+�B)
& 7#�� 7+K
�1  I�	�J 0 ��8 �
	


��8 �
) "�.P  ��3L� ,��7��8 �
 �
&� <��  ��8 �
�.�D ���� 7��
N� 
& .��	 <�X� �
 $�  <�	�8 �
 ��8 �
�.�D ���� 0 ')
�

�

�D '	�& ��8 �
) "�.P  ,�� 73 $�	 ��8 �
	
 �
�� �#%	04+����5	 ')
�.$�	 7+8	
 �5��% 9&
% 
��C.� ���� ,�+�3 '
(  

      Q(0\D ICO	 �
�
&� $�#%�� "�.P  �7+8LB '
( 7& ��� 
.��� ,�� '��B�
3 7& 
& 0 �;1��O ".5
3 '
(�+C�K <��  ��
��
��) '
(

�
	
 I�3�  ��A�� '
(���@�)	��	 ���� 
.��� ,�� '
0�0 73 ��
G�- )	 .$�	 7+K�B �	�% ����& 
��� ��
&� '0� ��8 7��#  '
(B'�� '
(

 )	 ���- $��&�� 
(���@ 
��C.� ��;�X� <�	�8 )	 
(���@ �>0�1 "+K�B �	�% ��M
  $X  0 
(���@ �
	
 �
�& '���� 9�5
 7& 0 �8
&

�� '

�) '
;1 �
:
 
(����.P  )	 7+�
 "�	 ��+�� '
(����.P  I�
��
� 
��C.� I�� 
(���@ )	 �1�& �

+K	 �
3 )	 ����
 �K�d )	 .
�8

8 �(	�1 ��� 
.��� ,�� �&� <�	�8 "�	 �
 73  )	 �

*+�	 0 ���+��� ,�� �& ��+�� '
(����.P  �
�& �
3 7&���+��� ,��  ,�� �
�3 �


��� 
.���� �� 
���& ��>�  9&
% ��d 7& 	� $�#%�� "�.P  6�
+���P& ]12[ .W0� )	 �1�& �
 73 $�	 �- �3v 9&
% 7+�� 7Y	�	 �C�% '
(

 ���U "�.P  ���8 ���*  ���U 7& 0 �+3�@ '
(
�� )	 ��� �
 
K�U ��&-��) 9�
�0 ����
��
0���( I�	�J "�.P  0 ��
�
�8 '	�& ��8

�B $�	 7+K]13[ A� �
 F�� 9�5
 7& 73
(
�� 9&
N+� ��M
  "+K�B �ZC+P� �+3�@ ' "�.P  ������� �& '
(F
G�	 K
3 $%
 )	 7+K�B �

�.� �	
��1�&��8
& ]14[. Q(0\D )	 '�
��& �
��A� �C�% '
( ]9[ � �	������� W�	�B "�.P  6�
+� �
 $�#;% F�� $�	 
��  0 

N� ��

��8 7Y	�	 "�.P  '
;1 �	�N� 0 
(�+�	�
D '	�& ��8 �
) "�.P  $�	 ��5
@ �
 R�
��	�3 ����& 73 ��A�� 7& "�.P  '
;1 '
( ����&

"�.P  $%
 �	���$�.(	 )	 
(�+C�K ��	��.( ��0� 0 ��8 �
) '
( .$�	 �	
��1�& ��/
&  �+C�K �
 �

*+�	 
��� ,�� �
���> �Q(0\D "�	 �


 ".5
3  .$�	 ��8 7��
N� 0 ����& 
��- R�
��	�3 0 ��8 �
) "�.P  ��

N� ��	��.( ��0� �
(�+C�K '	�>	 9@	�� �	�.( 7&    

       �
 )	 '�
��&W0� ���1	 f>	�� '
( "�.P 0 ����c� W�( �& ��+�� W0� "�� 
�&�
3�D 7C.> )	 ".5
3 '
(�+C�KI�	�J "�.P  '
( 

��8 �K�#� ����
��
0���(Q(0\D "�	 ICO	 �
 .��	0
 "�	 )	 ���( I�
#� 0 
�	�� 0 ��8 7+1	
�D W0� 0
 "�	 )	 9U
@ 6�
+� 7��
N� 7& �
( 

��8 p���  W0���	 ]15[ . H�%
 6�
+� $K
��
 ��A�� 7&	) W0�����c� W�( �& ��+�� '
(�
	
 )	 '

�) 4G@ � �
&� $�  )	 �+K
��
 '
(

$�	 )
�� �#%	0 <�	�8 �
. 4+����5	 4�C#  ���-�K ��- �& �0_�$�	 ���
�) ��� <� �� '
( ]16[ "�	�&
�& .Q(0\D "�	 �
�  I�	�J "�.P 

 ��
��
��) �
&� �� ����
��
0���( �0
 �	� )	 ,�+�37#��  �;1��O ".5
3 '
(�+C�K )	 �

*+�	 
& '�
�K 0 �;1 '
�D I�	�J 9�
8 7+K
�

& 0�& �0� �� 7& �	��D
�&�
3"�.P  0 ��
�
�8 �	�&	 "��  �� �	�% ����& 
��� ,�� .
��B���+��� � �
 '
	)- 7>�
 Q8 ���U 7& �
&� �A

I�	�J "�.P  ���-�K 0 ��8 7+K�B ����
��
0���( 
�� ���*  �0�&�
&� �+3�@ '
( 0 Q(0\D q_1�& '
(]9[  0]10[ 7Y	�	 
& R�
��	�3 '
(

 "�.P  '
;1 7AX5 �( �
$�	 7+K�B ���U �"�.P  6�
+� �
�+�	 �	��� ����& ��A�� 7&Q(0\D "�	 �
 "�	 �& �0_� .� �	�J ��
�
�8 I

 �� ���
��
0���( �0
 �	� )	 ,�+�3 ��
�
��) �
&��- �
 73� �+3�@ '
(
�� 91	�  �� 7& $���  �
3
�1 ��
��
��) �
&��	 �+��&$ 
��� �

 7+K�B �	�% ����& ZC+P� '
(�+C�K '	�>	 6�
+� 0��8 7��
N� ���	 73 �5
@ �
 �
 �/
N�]9[  0]10[  ��
�
�8 �
 ".5
3 '
(�+C�K 
��C.�

,�� �� �
3
�1 ��
��
��) �
&�  .$�	 7+K�B �	�% ����& 
��� �

�+�	 ��8 �
) "�.P  ��

N� $%
 ����& ��A�� 7& � I�	�J '	�&���3L �

                                                             
1 Recursive Extended Least Square 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



5 

 

7��8 )	 9U
@ 6�
+� 
& ��8 �
) "�.P  I�	�J 
& �
&� �+3�@ ')
��
&� �#%	0 ���� )7��8 )	 9U
@ ��

N� )	 �

*+�	 
& �
&� ')
�

����
��
0���( I�	�J "�	 f>���� 7��
N� (.���8  
  

2-  ����"')�.��%�� 
�� ��
 �� 8��%# �
�

��
� ���
 

       �/

#� ?	�P+�	 
&���+���  )	 ��8 =
P+�	 �
&�]3[ 7CD �
 �C�0	 '
�� 9@ W0� 7& �- 9@ 0 ��
�) '
(0,01  $5
@ ��o+� 7� �7��
M

$��� 9�
8�;1 '
( 7�0	) 0'	 �C�0	 '
�	0) 0 7��& �
�+�
 �
  ��X� 7� ,�@ 0 �
&� F�> �3�� $�#%�� 0 ��8 7��
X� 4�N+�� ��d 7&

$�����O ��d 7& �����	 �
�+�
 �
 
+�	� 7� �
 �;1 '
(�� 7��
X� ,
N+�	 R�� 
� �
 �C�0	 '
�	0) '�	L��
> )	 0 4�N+��8 .
�8 9�

) 7;&	� �
 �
&� �+3�@ �/

#� �C31( ��8 7Y	�	 $�	 ]1[ . �Q(0\D "�	 �
 F�> �3�� 0 ��8 7��#  �
&� '�0
�8 �3�� '0� �& 7��& �
�+�


�+�
� 0
 7CU
K 7& �-"��
D �+�7+K�B �	�% '�0
�8 �3�� )	 �  73  9�8 �
1  �����8 �
	
 �
�� $�	:   

)1 (    1
1 ( ) ( )−

   
   
   
   = = + − − + + +
   
   
   
      

ɺ

ɺ

ɺ

ɺ

ɺ

ɺ

RB A D A RB restoring thrust cable

u u

v v

w w
F M M C C C F F F

p p

q q

r r

  

2 ( , , )

   
   = =   
    

ɺ
ɺ

ɺ ɺ

ɺ ɺ

u

F T v

w

φ
θ φ θ ψ
ψ

 

      ) 7;&	�1�
��
��) �
&� $3�@ �C3 �/

#� (�0
 �	� )	 ,�+�3 � " ��� W0� 7& 73 $�	 7��& �
�+�
 �
-��8 ?	�P+�	 �C�0	 ��	]1[ �
 .

'0��� �7;&	� "�	���	
�B�& '0��� 9�
8 �>�
1 '
(1� '0��� �Q�	2 &
3 '0��� 0 9��8 7+K�B �A� �
R�� 
� .��	 '
(���  0��  I� �  7&

R�� 
� ���
��R�� 
� .��+�( �
&� �
0�K	 F�> 0 �����	 '
( '
(�� ���  0���  �'�
�K 0 �;1 '
�D '
(0��� 7��
X� $�> I� �  7&

��8 7��
X� ��A� 
��� �
&� �����	 )	 �8
� �3�� I�
> 0 R�5����3 '0��� 0 �
0�K	 F�> )	 �8
� �3�� I�
> 0 R�5����3 '0����	 73 �

R�� 
� ��
.  E
�	 �& ��3L� '
(]3[  ,0�> �
 ��8 7Y	�	 '
�� ��

N� 7& 7>�  
& 01� ��8 ?	�P+�	 9�5
 7& 73 $�	 �- �3v 9&
% 7+�� .��	

 �+3�@ �/

#� ?	�P+�	 �B��T�D ')
�5�� �
 9&
3 '0��� �M	 )	 �9&
3���+��� q�U.$�	 ��8 �A�  

                                                             
1 Restoring force 
2 Thrust force 

A
C
C
E
P
T
E
D
 M

A
N

U
S
C
R
IP

T



6 

 

  
  

  

  
  



.�  �	�N� �@	0  

.�  �	�N�  �@	0  

��� 16/0  2kg.m 	 5/11 kg 

�

 16/0 2kg.m � 8/112 N 

��� 16/0  2kg.m 
 8/114 N 

�� ]2/0 0 0[  m �� ]0 0 0[ m 

���  12/0  /rad2kg.m ���  5/5 kg 

���  12/0  /rad2kg.m ���  7/12 kg 

���  12/0  /rad2kg.m ���  57/14 kg 

�� 07/0  N.s/rad �� 03/4 N.s/m 

�� 07/0  N.s/rad �� 22/6 N.s/m 

��  07/0  N.s/rad ��  18/5 N.s/m 

��|�| 55/1  2/rad2N.s ��|�| 18/18 2/m2N.s 

��|�| 55/1  2/rad2N.s ��|�| 66/21 2/m2N.s 

��|�| 55/1  2/rad2N.s ��|�| 99/36 2/m2N.s 

 ,0�>1-   �
&� ����
��
0���( I�	�J 0 
(�+�	�
D '
�� ��

N�BlueROV2 Heavy   

Table 1: Numerical values of hydrodynamic coefficients and parameters of BlueRov2 Heavy robot  
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Figure 1: Body and inertia coordinate system presentation [13] 
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Figure 2: Pressure drag coefficients estimation due to linear velocity 
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Figure 4: Pressure drag coefficients estimation due to linear velocity 
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Table 2: Position estimation error according to sine maneuver during path traveled 
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Table 3: Estimated hydrodynamic coefficients with both methods 
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Figure 5: Pressure drag coefficients estimation error covariance 
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Figure 6: Comparing of real path and estimated paths by EKF( ) and UKF(⋇)  
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Estimation of Linear and Pressure Drag Coefficients of 

an Underwater Robot Using Nonlinear Kalman Filters 
 

Mohammad Ghazanfari , S. Mohammad Bozorg 1  

Department of Mechanical Engineering, Yazd University, Yazd, Iran 

ABSTRACT  

Using kinetic models for the navigation of underwater robots is an important issue that has recently attracted the 

attention of many researchers. They are used as an auxiliary tool alongside the common navigation algorithms that use 

the kinematic models of the robots. Their use in underwater navigation is more crucial as the GPS and radio signals are 

not available in underwater environments and navigation algorithms mainly rely on the kinematic models used in a 

dead-reckoning configuration, where IMU and/or DVL data are used. To use a kinetic model for the navigation of an 

underwater vehicle, it is required to have accurate values of its hydrodynamic coefficients, where the linear and pressure 

drag coefficients are among the most crucial parameters to be identified. In this paper, the drag coefficients of a sample 

remotely operated vehicle (ROV) are estimated using Extended Kalman filter (EKF) and Unscented Kalman filter 

(UKF). For this purpose, a six DOF model of the underwater vehicle is used to simulate its motion. Then, the inputs and 

outputs of the simulated model are imported into the estimation algorithms to identify the drag coefficients of the robot. 

The simulation results show that the UKF identifies the hydrodynamic coefficients more accurately than EKF, using 

the same model and measurement noises. Also, by comparing the simulated maneuvers of the robot using the identified 

coefficients and the exact coefficients of the robot, it is observed that the coefficients identified by UKF lead to more 

accurate trajectories as compared to the coefficients identified by EKF.  
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