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Abstract

The satellite-based Global Positioning Systems (GPS) creates a new
era for navigation, surveying and geodesy. Precise airborne and shipboard
navigation and precise static and kinematic positioning over baselines from
a few meters up to thousands of kilometers are just a few among numerous
applications of GPS. In addition to providing position and velocity
information, the GPS system can also be used to estimate the attitude
parameters of the platform. It has the potential of replacing, to some extent,
some sophisticated and expensive attitude sensors such as Inertial
Navigation Systems (INS).

In this work, the use of multi-GPS receiver to estimate the
parameters of attitude (orientation) of a platform is developed.

The GPS receiver has two measurements; pseudorange and carrier
phase. The latter is highly accurate (sub centimeter-level ). Therefore, it is
used to give precise attitude parameters. But the carrier phase has one
problem; an initial integer ambiguity must be resolved first. Without
resolution of this integer, the carrier phase is meaningless. Therefore, the
attitude determination technique based on the carrier phase observable of
the GPS involves two steps; integer ambiguity resolution and attitude
estimation,

Here, different methods are used based on the carrier phase double
difference interferometric model .The Single-point method that is based on
the least square approach is developed using the quaternion representation.
In addition, a quaternion-based cost function is used. Two algorithms for
finding the optimal quaternion are derived: Newton-Raphson and
Eigenproblem algorithms. Also, the linearized Kalman filter is designed to

estimate Euler angles,

In order to resolve the integer ambiguity, an attitude-independent
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integer search to significantly reduce the search space using a geometric

inequality. Then, a batch-type loss function is used to check the remaining

integers in order to determine the optimal integer.

Finally, a software was designed using Matlab v.7.0 package to

!
|
1
1 implement the GPS-based attitude estimation system. This software uses a
% recorded data from an experiment that has been conducted in the
g University of Calgary in Canada, The results show that the Single-point
i method is more accurate (with RMS 0.137,0.079 and 0.197 degree in yaw,
s ‘ pitch and roll respectively), and it convergences exponentially to the
£ correct solution. The Newton-Raphson and Eigenproblem may diverge
when the initial quaternion is far.

Also, the linearized Kalman filier gave a result which is similar to

the result from the Single-point algorithm because the measurements have

small errors. But the Kalman filter is more robust relative to the initial

condition.
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