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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. 2" 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 2" 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 2™ 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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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. 2" 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 2™ 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 2™ 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
guaternion 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.
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