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Abstract

The Global Positioning System (GPS) is poised to revolutionize aerospace Guidance,
Navigation, and Control. While traditionally thought of as a navigation system, GPS has
now been demonstrated to be a formidable sensor for attitude determination as well. In
fact, GPS may now be considered a 10 state sensor, providing continuous real-time

Position, Velocity, Time, and Attitude (PVTA) for all axes.

Attitude determination is derived from extremely precise (Smm, 10) differential range
measurements among multiple GPS antennas mounted on a flight vehicle. While physics
does not set the ultimate achievable limits of performance, experimental testing is

demonstrating pointing accuracies below 0.1 deg (1) with a usable bandwidth of several

tens of Hz.

This dissertation describes the design and development of a new and unique GPS receiver
with full PVTA capability. It chronicles the key innovations which have made this
technology possible and addresses the fundamentals and performance of GPS-based
attitude determination. A prototype receiver based on antenna multiplexing is presented
which offers prospects of significantly reducing the size, weight, power, and cost of the

hardware. Other conceptual designs are presented for achieving the highest possible
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performance. Methods of resolving the cycle ambiguities of the GPS carrier based on

motion are developed and tested in an effort to drive the performance of attitude

determination as close as possible to perfection.

Maiden space flights of the new receiver are scheduled for launch into low Earth orbit.
Test data is presented from extensive flights on a single-engine Piper Dakota that has
been used to explore aircraft applications of attitude determination. Among these,
attitude and precise position sensing using GPS can be applied to the estimation of the
aircraft dynamic model in flight. The wealth of dynamic response data obtained through
GPS can be used to estimate aircraft stability derivatives and, surprisingly, aeroelastic

effects with millimeter-level clarity.
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Chapter 1:
Introduction and Overview

D etermining the attitude (orientation) of a flight vehicle is a fundamental aspect of
aerospace Guidance and Control. The goal of this work is to utilize the precise
positioning potential of the Global Positioning System (GPS) for attitude determination.

The specific research contributions presented in this dissertation are as follows:

Definition of the Performance Envelope
The Performance Envelope of attitude determination using GPS is defined, such that a
user can easily determine the expected pointing accuracy given the specific parameters of

the flight vehicle [Chapter 1].

Antenna Multiplexing GPS Receiver Design
Reducing the size, weight, power, and cost of an attitude determination receiver by at

least a factor of four, the innovation of antenna multiplexing is developed [Chapter 2].

Matrix Methods for Cycle Ambiguity Resolution
Driving the reliability of cycle ambiguity resolution as close to perfection as possible,

new matrix methods are presented based on the geometry of motion [Chapter 3].






