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1 Inertial Measurement Unit
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1Altimeter
2 Magnetometer
3 Distance Measurement Equipment
4 Long Range Navigation
5 Global Positioning System
6 Bayes
7 Sum Gaussian Filter
8 Unscented Kalman Filter
9 Particle Filter
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2  Pseudo Linear Kalman Filter
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4  Attitude Independent Calibration
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1 Attitude and Heading Reference System
2 Unmanned Vehicle
3 Cut-Off
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1 Multiplicative Extended Kalman Filter
2 Augmented Extended Kalman Filter
3 Quaternion Estimation (QUEST)
4 Oshmen � Carmi
5 Choukroum
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1 Two Step method
2 Attitude Free Measurement Equation
3 Tracking
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2 Tightly -integration
3 Pseudo ranges
4 Carrier phases
5 Magnetometer
6 Attitude & Heading reference system
7 World Geodetic System
8 Angle of variation
9 Angle of dip
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2 Pressure change respect to altitude change
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1 Pressure quantization
2 Angle of attack
3 Angle of side slip
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1 Vertical Gyroscope
2 Directional Gyroscope
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1 Terrain Navigation
2 Visual Navigation
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1 Stationary Random process
2 Power spectral density function
3 Random Walk
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1 Gauss-Markov process
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1 Phi-angle Error Model



��

 -0 �# �"R M��W �� NM RRR =��� .

6� �(�. 3�� �#6N�> M�7��H�� �:� $� ;#�GH�� �� -��*5#�:0 ���� ��$ ')7 �� �� �%& Mg#�4� ]dtd :
dtk[:

)defr(
n
ib

n
b

n
in

n
in

nn
in

n
ie

nn
in

n
ie

nbn
b

bn
b

n

nnnn
en

n

C

vvgfCfCv

vvrr

δωδωφωφ

δωδωδωωδφδδ

δδθδωδ

−+×−=

×+−×+−+×+=

+×+×−=

�
�

�

)()(

 �# �" -0φ��:�$ �	4,�� ��%&: 64,�: ��δθ64,�: ���:�� ;�bH�# ��%& �	��9��K� ���:�� ;�bH�# �� 
 ;�7���.

)defy(
















+−
+−

+
=

)/(
)/(

)/(

hRtgr
hRr
hRr

NE

ME

NE

ϕδ
δ

δ
δθ

��:�$ �	4,�� ��%& �Q!�� �#��IMU� ;�bH�# �� �9 � ��� ;�7 -�	� 64,�: ���:� .���!�A�� �� 3��φ �" 
� ;�bH�# :# �	4�: ��%&6� -��� L� �� �9 � �6� 8:�4� ��#�7��]dtd :dtk[.

')7)dei( : 3	� �%���H�#64,�: ���:�� ;�b : ;�7 �9��K� �platform

______________________________________

1 Small perturbation
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1 Psi – Angle Error Model
2.  Scherzinger
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3 trigonometric
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1 Trigonometric
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1 Upper diagonal (UD) factorization algorithm
2Singular value decomposition (SVD) factorization algorithm
3 Carlson filter
4 Potter filter
5 Joseph filter
6 Square Root Unscented Kalman Filter
7  Root Square Unscented Kalman Filter
8 Sequentially Root Square Unscented Kalman Kilter
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1 UD Factorization Unscented Kalman Filter
2 Unscented Transformation
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��� �&
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u$
Y0.03560.1099
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� (�� H�#� ���� �#�� �I �/,
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 %I a
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)*++*9 :Q;�5�0 "-��7 -6J� � I�������/ع	
IMU/���ار�
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�?./"�� .� 	&"(/� �)#�  �� J36
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 8 � �#��MD %K�8 �\Jc .� ./"�� �I %&!� 
� .����&.� ��� � ��\� ��&$ � H�. 
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� #� #=I
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��� �&
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��� �&���/�=��/e�J6.�d=�/IMU
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 H�#�)s�s :(� )�E;B�
��=o� 0�#
!��� 
�
Total intensity (nT) Angle of dip (Deg) Inclination angle (Deg)

47641.57 53.78 3.87

=t�?
��/�=�� )�E;B� ���� �& , 
��� �&.�  H�#�)s�} (	�� �#�2.

 H�#�)s�} :(���/�=�� )�E;B�
Biases(nT) Tb ]90001300011000[−=

Scale factors )nT
nT(
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

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






=

9.000
01.10
002.1

K

Misalignments )(,, Radzxzyyz ααα 12.0,05.0,1.0 −

 To P frame Rotation matrix from m′
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








=′
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ABSTRACT

In this dissertation the subject of inertial and integrated navigation systems are discussed 
and new algorithms are developed. Due to inherent advantages of inertial navigation 
systems (INS), there integrate forms have been continually utilized, researched on and are 
of importance. A main draw back to the basic INS has always been due to unlimited build 
up of errors requiring highly expensive, inaccessible sensor technology to remedy. 
Therefore integrated INS systems utilizing additional external sensors for error control are 
of value and together with their required algorithms and advanced filtering techniques are 
the focuses of this dissertation. In this regard, this work specifically covers three pertinent 
areas:

1. 2nd order non-linear filters, factorization and adaptive methods.

2. integrated INS and attitude estimation.

3. A novel approach for literalized INS.

For the first part, the problems of non-linear 2nd order filters, robustness against numerical 
computation errors and adaptation for estimating unknown inputs are adhered to.

In the second part, the problem of attitude estimation utilizing existing algorithms is 
developed for enhanced robustness during accelerating flight phases. These enhanced 
algorithms are essential and useful for most attitude determination systems whose main 
weaknesses in real life application are the existence of surplus to cruise acceleration. The 
problem of additive (surplus) to cruise acceleration have been challenged in this working 
using altimeter, autopilot models as well as 2nd order adaptive filtering schemes. In 
addition some advances toward magnetometers calibration techniques have been made. 
Showing the effectiveness of some of the developed algorithms.

In the last part of this work, the navigation equation is linearized utilizing quaternion 
properties. This approach opens up a new horizon for enhanced inertial navigation systems. 
The resulting equivalent linearized Navigation equation requires one additional constraint 
for which a norm constrained quaternion Kalman filter is developed.

Keywords: Inertial Navigation, Integrated Navigation, Kalman Filter, Adaptive Filter, 
Nonlinear Filter, Data Fusion
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