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Simultaneous localization and mapping (SLAM) is an important problem in a 
manipulator navigation robot and solving this problem is one of the interesting topics 
for researchers.  This problem shapes important part of the navigation and guidance. In 
this paper, one practical inertial SLAM algorithm is presented. Construction of the 
inertial SLAM is suitable for using two types of sensor Range / bearing and Bearing
only and do not need GPS or any prior knowledge of its position. This paper presents 
general system of UAV and improves the performance and accuracy of the 3D SLAM. 
In addition, this method solves two main problems that previous researches have not 
studied; first, all degrees of freedom (DOFs) for UAV is considered. On the other hand, 
UAV position changes are not limited in both X and Y axes and elevation changes are 
considered. Second, there is no limit in landmark positions. This means that the system 
can observe all of the landmarks with inertial sensor in every elevation. Finally, using 
the actual aircraft flight data, the accuracy of the algorithm has been proven by the 
results of the simulations. 
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In addition, this method solves two main problems that previous researches have not 
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1- UAVs: Unmanned Aerial Vehicle 
2- SLAM: Simultaneous Localization and Mapping 
1- Landmarks 
2- GPS: Global Positioning System 
3- EKF: Extended Kalman Filter 
4- Indoor Robots 
5- Outdoor Robots 
6- Correlations 
7- Re- Observe 
8- INS: Inertial Navigation System 
9- Dead-reckoning nature 
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�� ����� 	
���� 
����� ������ 	
��  

����� �� ����� ���� �� !���� ��"�# $��� �%&� 	�&' (�)* �	+�+� �,-�  

 
 O���&1;� 	�> �1�-.)> � ^���� �� 4 �;�!� $�� �"SLAM 0"��� 	��� 	(�� �� ���6��  	"�
P �T�" M9 �� "�37� :� 	�� �� 	
��

� 	��� �)���&1;� � 0(9 I� L/ � x������0"��� R�,�  �]��� ������ 	�)���&> :� 	
���� 
����� 
� 0"�Z��� �� ������ ^���9 �" 	
��

J�� 0(9. �� J�� 0(9 �*��� "�37� 	��� ����T O�-�� �;�!� $�� �" d��� �"  J�" � �����4 M��+=� �� 0��� �,��&�SLAM  ��

	(�� �� �)4 �T&/ � .� 
�!�!L/ �" �4 +�' ����� I,2� �" ��RP � �� �. � J�� 0(9 �> (64 W�,6�� 8��  	��� �� 	"�
P 
�T�" �� 4

�� �f' �" "�37�  J7T �" �" �76/ "�37� J���&� 
����X/ �6�� "���y  �x   ��=�� �f' �" +�' "�37� Q�Z/�� 
����X/ �, � � 0(2' "�(L�

�� "&9 ��,6�� Y�" �'�2' J���&� 	��� ���"�(L� � �6�� ���9�(' "&T� �>�'�2' Y�)/ J�� �"�� ���6�� 	�>�&-6� ������ O�-�  �" �� �>

(64 0(>�2� 
��Z�� 
���Z/��. 

 �� J�� 0(9 $��(/ J)-� JZ> �" �N�* y�!L/ 	�&�   O���&1;� R��� �� Y�" M�� �" ��(!� 
� (�� �4SLAM ���� ^���� ����6��  	

�� ���6�� 	����' O�-�� � $);�4 	�>�� �= 	��� 
��' "�&�J�� 0(9 ��U�". �&-6� 8(� � 0(>�2� 8(� Y&� J)-� �" �'�2' 	�> �> /

J�� 0(9 R��� �6��
 z��&� . 	�>�&-6� Y��7w J)-� �"range bearing  �bearing only  �"SLAM  :/ ^���9 	��� ���6��

� ��� J�� ��U�"�� �;�!� $�� �" 0(9 ����� O���&1;� R��� �� Oo6� M�� � J�� 0(9 �]��� 	� .��.9 
� I#�* \���' 	
��  ��=�� 
�&# 	�>

0(9 0('�o6� O29 M�� �" J��7' �" � ('�� �o��' ����� �� O�Z> M�� 	���  �> J�� 0(9 0"�" {�q�U�. 

2-  +(�	,-.�SLAM ������  

 O���&1;� M�� $�� �"SLAM �� I� L/ � ��+o/ RP "�, )� � 0(9 �=��� ���6��  J;�* 	�� RP "�, )� ����/ $�6S)> � "&9

 	�>�&-6� � 0(9 0"
 $�)�/ J;�* $�� |�./�� �4 (6�P�= � 0(>�2� 8(� 
%"��� � 0(9 0"
 $�)�/ V& e� on-board l�#&/ ��

�� (664 ��� ����� "&9 .I.� �2!' 
�� )� �4 "�4 �T&/ ��,' $�� �� (��� +�w �> 
� R�,� � 	
��  �4 �e�L� "���� � ���!� �� ��-� ����

�� ���� ?��4 "�&� J�� ���+o� ^���9 � 
%"��� 	���" � 0"&� 
��Z�� �"��� . 	��� �e�L� ���!� Q&' �" � 4 J;�* �" �@;

SLAM �� ��=�� �f' �" l;� W"&9- SLAM � L�1V �- SLAM �'�7T2 . �"SLAM �'�2' � "�37� J���&� ��'�7T  �6��
 	�>

0�4 +4�� �� J.-' �� 0"
 $�)�/ $��
 	 ('&9.  �" ���SLAM �'�2' J���&� �4 J�� 
��' ^!= �� L� �2!' �" O> �� J.-' �>  (�;&/ 	

 � L� 
�q��� �� J.-' "�37� J���&� ��-��� J;�* $�� �" $�����6� ('&9 t�2� 0(9(9�� Y& �� �6��
 z��&� . 
%"��� �(��� ���"� �"

SLAM �� �]��� �'�7T  
%"��� (�� � "&9SLAM �� �J�� O> �� J.-' ���!� �" 
%"��� :�,Z/ �� 
��' �4 �T �> +�' � � L�  �&�

J�� 0(9 0��9� RP �� vN��.  

0(9 0"
 $�)�/ J;�* ��"��  	ˆ ( )globalx k�'��
 Y�� �"k �"�37� 	(�� �� J���&� I��9 )ep( �"�37� J��� )ev (� ��� 	����
 � )

[ ]n Tφ θ ψΨ =( �0
�('� (*�� 	�>�&-6� �T��U �����  ���6�� 	���)IMU(3 �6��bfδ  �b
ibwδ � �N  �� J���&� �/

�'�2' 	(�� ^�L� �" �> )e
im( ���  "&9]31-33[:  

)1                                             (1 2ˆ ( ) [ , , , , , , ,..., ]e e n b b e e e
global ib Nx k p v f w m m mδ δ= Ψ  

�� 	�&�   �41,2,...,i N= }�&'%�� �e  
�q��� 0�1��" 	�>��"�� �1'���ECEF4 J�� � }�&'%��b  �'(� 
�q��� 0�1��" 	�>��"��

�� R�2' ��  }�&'%�� � (>"n � L� 	����' 
�q��� 0�1��" 	�>��"�� ��5 "��" 0��9� . }��/�� ^�&/ �'(� 
�q��� 0�1��" 	�>�������

 R���"n
bC�� I�(./ � L� 	����' 
�q��� 0�1��" 	�>������� �� ('&9 .R�)>  �&� I,9 �" �41 0(9 0"�" R�2' � $�� |&��� |�./��

0�1��"  O���&1;� �" �,� 	�>��"�� � dT�� 
�q��� 	�>SLAM �� 0"�Z��� ���6�� ('&9 �J�� 0(9 v��2/.  

                                                             
1- Local SLAM 
2- Global SLAM 
3- IMU: Inertial Measurement Unit 
4- ECEF:Earth-Centered, Earth-Fixed 
۵- Local-Level Navigation Frame 
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 O���&1;� �]��� SLAM 	(�� �� ���6�� (�P��4	��� 0"��� � "�37���.9 ^�L� �" RP 	
�� ����� 	
���� 
����� ������ 	
��  

����� �� ����� ���� �� !���� ��"�# $��� �%&� 	�&' (�)* �	+�+� �,-�  

 

���� 0"�Z��� "�&� Y�Z� � J��N� M��)' 	��� � ��� 	����
 �� $�)�/ �" �>������� "�(�/ �/ ('��� (��� M>�4 �� .�� z�= $�����6�  �4 "&9

����
  	Pitch ����
 �16�,/ 
� 	���& T 	��� "�37�  �" � ��� 	90θ = o J�� 0(9 "�(L� . J;�* $�)�/ˆ ( )globalx k�;"��� ��  	

�T�" �eU��� �,���6�" �� 8�� 	 �;"��� �� R��
 �" & T �� �� 
�&# M�� ��
 	 �� �6�� "&9.  

)2                                                  (ˆ ˆ( ) [ ( ), ( )] [ ( )]global global global globalx t F x t u t G N t= +& 

	�&e�   d��/ �4[.,.]globalF J�� R��
 �" ���&�� (6�P�= 8(� d��/�  d��/[.]globalG  "��� 	��� �4 J�� R��
 �" ���&�� 	"��� d��/

�� 0"�Z��� O�-�� J;�* ��"�� �� +�&' R"�4"&9�( )u t 0"�" 
� �4 J�� O�-�� 	"��� �� I�,2/ ���6�� 	�>�&-6� 	�> � "&9( )N t 

6�� 	�>�&-6� +�&' 	�>�eU 
� �4 J�� (6�P�= +�&' ��"���� I�,2/ ���  }'�����&4 � �Z# $�1'��� � "&9Q  ��-.)>�' 	��"�� � "��"

J�� .R�,� 	��� (6�P�= 8(� 
%"���� �T�" M9 �� ���6�� 	����' 
%"��� �� �6�.� � ��� J��N� � J���  RP �" �4 (6�-> 	"�
P 	

�� 8�)�� $��
 ���6�� 
�q��� 0�1��" V&w��7w "&9]31-33:[  

)3                                                                                   (e ep v=&  

)4                                            (ˆ 2( )e e b e b e e e e
b b b accel ie lv C f C f C w w v gδ= − − − × +&  

)5                                                        (ˆ( )n n b b b n
b ib ib gyro n ieE w w w C wδΨ = − − −&  

��  	�&�  RP �" �4e
iew  �n

iew ����
 J��� 	�>��"�� �� �4 (6�-> $��
 	� 0�1��" �" c�/�/  
�q��� 	�>ECEF  � L� 	����' �

0
�('� �� 	��� ('&9�n
bE ����
 J��� I�(./ }��/�� � 0"&� � L� 	����' 
�q��� 0�1��" �� �'(� 
�q��� 0�1��" 	�e

lg  
(9

��p�T R�(�� � L� 	 )� L� M'��� (J�� .n
bC� � L� 	����' �� �'(� 
�q��� 0�1��" 
� R���" }��/��e

bC/�� 0�1��" 
� R���" }��

 

 I,91 :0�1��" � �>��"��  O���&1;� �" dT�� 	�>SLAM ���6��.  
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 O���&1;� �]��� SLAM 	(�� �� ���6�� (�P��4	��� 0"��� � "�37���.9 ^�L� �" RP 	
�� ����� 	
���� 
����� ������ 	
��  

����� �� ����� ���� �� !���� ��"�# $��� �%&� 	�&' (�)* �	+�+� �,-�  

 
 �� �'(� 
�q���ECEF �� (6�-> 	�&�  �� �4 �e��� y��� 
� � L� 	����' 
�q��� 0�1��" Y& �� R�,� ������ (6'�&/  �.��L� ��
 	

('&9:  

)6                                                                             (e e n
b n bC C C=  

��"��  	�>ˆ bf  �ˆ b
ibw �� 0s�� ��"�� ��(!� c�/�/ V��9 	���' 	 ����
 J��� ��(!� � \6�  (6�-> ~&,����� 	� )�� 	�&�  �4

ˆ ˆ( ) [ ( ), ( )]b b T
ibu t f t w t=( �bfδ  �b

ibwδ �� ��U c�/�/�T V��9 	�>  � (6�-> ~&,����� � \6�accelw  �gyrow ��  c�/�/

V��9 +�&' ��"�!� �4(6�-> ~&,����� � \6�:  

)7                                                              (( ) [ ( ), ( )]T
accel gyrow t w t w t=  

J��� ����
 	�>  ����� 	�b
ibw  ����� V��9 �bf �� �� l���/ ��
 
�&# ('&9:  

)8                                                                  (ˆb b b
accelf f f wδ= − −  

)9                                       (                           ˆb b b
ib ib ib gyrow w w wδ= − −  

�T��U �]+T R(9 "��
 � O4 ~&,����� 	�> V��9 � �> \6� �� �> �T��U n��L'� � ����" 
����X/ I�;" ���  �" 0s��IMU  O4 	�>

�6�+> ��� 5�Z/� (�=� .$�� �� �T&/ �� R(9 "��
 � O4 $�� R�+�� g%&)�� �4 �T��U �� �-��!� �" �>  	�>on/off ��]&�  g��.-' � ��+� 	�>

J��� ��T��U J�� :w&4 V��9 	�> \6� ~&,����� � �> �� z�= J��� �> ('&9 .8(� �T��U (6�P�= 	�> V��9 	�> \6�  � �>

~&,����� �� I#�* ��
 ^���� y��� 
� �> '&9(:  

)10                                                                                (0bfδ =&  

)11                                                                                (0b
ibwδ =&  

J���&� Y�o'��� �'�2' 	�> !' 	�> 
�q��� 0�1��" �" �2ECEF �� 0"
 $�)�/ �� $�6S)> � ('&9  $4�� �6��
 z��&� 
� ��;�* R�&6�

�� � J4�* ��� z�= J���  (6�P�= 8(� � ('&9thi �� �� ����� ��
 
�&# "&9:  

)12                                                                                  (0e
im =&  

 
%"���)3( �)5( �)10 ( �)12 (�� �� (6'�&/ 8��1�'� � *�� :� z�= �� ��2�
�� I,9 �� � R��
 �" ��--� 
�&#  �./�� 	� ��� 	���

8�� �('&9 R��� +�':  

)13                                      (ˆ ˆ( ) [ ( 1), ( ), ] [ ( )]global global global globalx k F x k u k k G N k= − +  

�� 	�&�   d��/ �4[.,., ]globalF k ��� J;�* 8�!�'� d��/ � �eU[., ]globalG k  R��
 �" 	"��� 8(� 8�!�'� d��/k J�� � 8(� $�����6�

��--� �� (6�P�= 	 �� ��
 
�&# �� J�" (�P]31-33[:  

)14                                                                   (( ) ( 1)e e ep k p k v t= − + ∆  

)15                         (ˆ( ) ( 1) [ 2( ) ]e e e b e b e e e e
b b b accel ie lv k v k C f C f C w w v g tδ= − + − − − × + ∆  

)16                                   (ˆ( ) ( 1) [ ( )]n n n b b b n
b ib ib gyro n iek k E w w w C w tδΨ = Ψ − + − − − ∆  

)17                                                                      (( ) ( 1)b bf k f kδ δ= −  

)18                                                                     (( ) ( 1)b b
ib ibw k w kδ δ= −  

)19                                                   (                     ( ) ( 1)e e
i im k m k= −  

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
23

14
6.

13
94

.3
.1

.6
.6

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 jn

se
e.

su
t.a

c.
ir

 o
n 

20
24

-0
5-

19
 ]

 

                             6 / 21

https://dorl.net/dor/20.1001.1.23223146.1394.3.1.6.6
http://jnsee.sut.ac.ir/jnsee/article-1-120-en.html


 

 �2'�� �> �'����	 ��eU�� �(67� �"� 0��" �5��3 0��)9 �1 �R��-��/1394 Journal of  Nonlinear Systems in Elect. Eng. Vol. 3, No.1, Summer2015 

107 
 O���&1;� �]��� SLAM 	(�� �� ���6�� (�P��4	��� 0"��� � "�37���.9 ^�L� �" RP 	
�� ����� 	
���� 
����� ������ 	
��  

����� �� ����� ���� �� !���� ��"�# $��� �%&� 	�&' (�)* �	+�+� �,-�  

 
 �4t∆ M�� $�� �'��
 n��U�  ��--� 	�>k  �k-1 J��.  

$�� �"  ���!� �" %�� 
%"��� �TSLAM �� �]��� � L� �� � L� 	����' 
�q��� 0�1��" V���'� �� RP �" �4 ('&9  0�1��" :� R�&6�

V��9 
� R"�4 �f' n�# �� � dT�� ���6�� 
�q��� ���+4�� 	�>1 �}�;&��&4 ���2����
 J��� � 0�4 MU�w ^�&/ �4 	�  $��
 	

�� "�o�� "&9 �J;�* �� ���6�� 	����' 
%"��� � (6�P�= 8(� 	�>�� 0"�� "�37 ('&9 . R��
 �" ���&�� I,9 �� "�37� (6�P�= 8(� 
%"���

0(9 0"��P ��
 �" ('�:  

)20                                                                                  (n np v=&  

)21                                                   (  ˆn n b n b n n
b b b accelv C f C f C w gδ= − − +&  

)22                                                             (ˆ( )n n b b
b ib ib gyroE w w wδΨ = − −&  

��  	�&� ��p�T �� �T&/ �� �4  �� L� 	����' 
�q��� 0�1��" �" �2'��� 	[0,0, ]n Tg g= � 0"&� V��9 ��"��29.81g m s= 

J�� .�'�2' $�����6� �2!' 	�> �� 0"�" Q�T�� � L� 	����' 
�q��� 0�1��" �" �6��
 z��&� 	 RP (6�P�= 8(� � ('&9 �� �>  ��
 
�&#

J��:  

)23                                                                                 (0n
im =&  

 �" R��
 �" ��--� (6�P�= 8(� 
%"��� I��4 I,9 $�����6�SLAM �� � L� (6�-> ��
 
�&#:  

)24                                                               (( ) ( 1)n n np k p k v t= − + ∆  

)25                                   (ˆ( ) ( 1) [ ]n n n b n b n n
b b b accelv k v k C f C f C w g tδ= − + − − + ∆  

)26         (                                 ˆ( ) ( 1) [ ( )]n n n b b
b ib ib gyrok k E w w w tδΨ = Ψ − + − − ∆  

)27                                                                  (( ) ( 1)b bf k f kδ δ= −  

)28                                                                  (( ) ( 1)b b
ib ibw k w kδ δ= −  

)29(                                                                     ( ) ( 1)n n
i im k m k= −  

3- 	,8�� ?�� � 0�B
C� ?�� 
;
C; �
B ��"�� �
B 

0(>�2� 8(� 
%"��� �0(>�2� $�� |�./�� �'�2' :� 
� �&-6� 	 J;�* 	��� �6��
 �&-6� 
�q��� 0�1��" �" �2!' 	 $�)�/ 	�>  0"


 �" 0(9SLAM �� l�#&/ �� (64 . ^����)30 ( �)31 (�� 0(>�2� �� �c�/�/  	( )iz k J;�*  0(9 0"
 $�)�/ 	�>SLAM  � �'�7T

�� |&��� � L� ('&9.  

)30  (                                     ( ),( ) ( ), ( ), ( ), ( )e n e
i i global iz k H p k k m k k v k= Ψ +  

)31                                        (( ),( ) ( ), ( ), ( ), ( )n n n
i i local iz k H p k k m k k v k= Ψ +  

�� 	�&�   �4( ), .,.,.,i globalH k  �( ), .,.,.,i localH k �'�2' R�,� 
� ����&/ �> � � (6�-> � ��� 	����
 � "�37� J���&�( )v k  +�&' d��/

                                                             
1- Centripetal 

2- Coriolis effect 
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)48                                        (ˆ ˆ( 1) ( 1) ( 1) ( 1) ( 1)Tglobal global ip k p k N k S k N k+ −+ = + − + + +  

)49                                                           (( ), ˆ( 1) ( 1)i i i global globalv k z H x k−+ = − +  
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