Orbit Determination in GEO using GPS or GALILEO

An interview with European and German control center navigation experts Prof. Werner Enderle (ESOC) and
Dr. Oliver Montenbruck (GSOC) had the purpose to provide an overview and some pointers to more detailed
information on the subject of orbit determination using the Global Positioning System (GPS) or GALILEO for
satellites in Geostationary Orbit (GEO). The e-mail interview was coordinated by J. Kehr, Editor SpaceOps
News (SoN).

SoN
What is the overall assessment using GPS for GEO orbit determination?

Oliver Montenbruck

The use of GPS in GEO has been heavily discussed for a long time and a couple of GEO capable GPS receivers
have been developed by industry (MosaicGNSS, Topstar3000) already around the year 2000. However, GPS has
not really been accepted by "conservative" telecom satellite owners and the matter has only received renewed
attention in past two years. Among others, the use of GPS in GEO has been incorporated into the definition of a
space user service volume for the next generation GPS III and ESA has initiated numerous studies for
GPS/Galileo based navigation of GEOs. So far, to the best of my knowledge, no civil GEO satellite makes use of
GPS, but there is a certain probability that some military satellites already use this technique. Within Europe a
first flight of the MosaicGNSS receiver is planned on one of the SmallGEO (2012) missions.

SoN
What is the ESOC assessment?

Werner Enderle

As mentioned one has to distinguish between military and non-military applications. For the military part very
little is known.

ESA has no own in situ experience yet, however — as also mentioned above — DLR is planning to fly an
experiment using a Phoenix receiver receiver.

SoN
What are the methods for using GPS for GEO satellites?

Werner Enderle

There are two methods for using the GPS signal in GEO. Since the GPS satellites fly “below” (approx. 20.000
km) the geostationary orbit (36.000 km) one has to use either the GPS “backbeam” (not available yet) or one has
to use the signal on the “opposite” side of the earth of appropriate available GPS satellites (see diagram). That
takes advantage of the fact that although most of the GPS signal is “blacked-out” by the earth the beam width of
the GPS antenna (27 deg) is wider than the shadow effect of the earth (21,5 deg) hence reduced signals of the
GPS main and side lobes can be acquired.

Fortunately the signal strength is not all decisive since the PRN code can be recovered using cross correlation
techniques.

SoN
What would be your conclusions and assessments of future developments?

Oliver Montenbruck, Werner Enderle

For LEO applications using GPS is standard. For MEO/HEQO automatic applications would have the advantage
that no tracking from ground stations is would be necessary (i.e. potential cost savings). GPS is planned as the
primary navigation system for the US Magnetosperic Multiscale (MMS) mission which aimes at a launch in 2014.

For GEO applications the big advantage using GPS would be that because of the higher tracking accuracy more
satellites could be co-located in one assigned “location box”. The disadvantages are higher cost for receivers
because of non-standard and radiation hardened equipment to protect the receivers over the entire life-time of
the satellite.

Military applications are classified because of strategic reasons and higher accuracy and security.



The reference papers below could be used for further information, addressing the authors directly.
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