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Introduction
The next decade will see many changes in the world of
satellite navigation. There will be four fully operational
global coverage constellations, namely the current US
GPS and Russian GLONASS systems as well as the
European Galileo and Chinese BeiDou currently under
construction. There will also be a plethora of Satellite
Based Augmentation Systems (SBAS) which will
further expand this combined system. This will
ultimately lead to multi-constellation navigation in
aviation, leaving the need for modernization of several
aspects of existing systems. One such update is the in
the Minimum Operational Performance Standard
(MOPS) which currently can only describe the orbit and
position of SBAS Geostationary (GEO) satellites, a
severe limitation when new satellite orbits ranging from
highly eccentric Geosynchronous, Medium (MEO) to
Low Earth (LEO) orbits are being proposed for GNSS.
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Satellite Searching

 Satellite positions are described by 6
orbital elements {a,e,i,Ω,ω,M}.
 Semi-major axis a and eccentricity e
describe the shape of the orbit.
 Euler angles {i,Ω,ω} define the
orientation of the ellipse in 3D space.
 Mean anomaly M gives the position
of the satellite within the orbit.
 This simple model is inaccurate due
to orbital perturbations and additional
correction terms are needed.

Results
Ephemeris

Orbit
BeiDou IGSO

Almanac

The less accurate, long term Almanac tells the user
whether or not the satellite is in view and is worth
looking for. If the satellite is below a certain elevation
angle, the signal to noise ratio becomes too low and the
spacecraft is deemed not useful. This gives rise to the
target accuracy of ~ 1 degree.

Conclusions
 A modernized MOPS message has been developed
which allows for the orbit description of the different
classes of satellites being proposed for navigation.
QZSS

 Almanac message consists of ~90 bits, has a
resolution of ~1 degree in the sky and is valid for 30
to 90 days depending on the orbit.

Goal

 Both the Ephemeris and Almanac messages are valid
for Geosynchronous (GSO) and Medium (MEO)
Earth orbits.

The goal is to design a single satellite position message
suitable for MOPS which can encompass all of these
proposed orbital regimes. This has two components:
 Ephemeris, valid for minutes and accurate to
centimeters for use in navigation.
 Almanac, valid for months and accurate to ~1 degree
in the sky for use in satellite finding.
GPS+WAAS

 Ephemeris message consists of ~290 bits, has a
resolution of ~3 cm and is valid for the required 10
minute interval.

 Results have been obtained which demonstrate that
these methods also work for highly eccentric orbits
such as Molniya orbits.
GPS

 Results also demonstrate that this message is
applicable, to an extent, in Low Earth orbits (LEO),
such as Iridium, as well.

All GNSS
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