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GPS Sequential Orbit Determination Using Sparse
SLR Data
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A coordinated Satellite Laser Ranging campaign was conducted in late
1996 to collect tracking data for Global Positioning System satellites GPS-
35 and GPS-36. The tracking data collected is sparse, averaging one or
two SLR tracks per day, with data gaps up to five days in duration.
Typically this data density is insufficient for accurate orbit determination.
Our objectives are to process this tracking data, determine the accuracy
that is achievable with sparse data, both in a global sense, and locally, over
the SLR sites, and demonstrate the utility of sparse SLR data for future
applications. This investigation benefits from two innovations. The first is
the addition of the Naval Research Laboratory laser ranging system at the
USAF Starfire Optical Range, which provided enough additional tracking
data to make precision orbit determination possible. The second is the use
of a sequential filter-smoother to process the SLR data. A filter-smoother
is used because it should provide the best combination of short arc and
long arc orbit determination, with the best accuracy predictably over the
SLR sites. Position accuracy better than 1.25 meters was achieved globally
and better than 40 cm when measured over selected SLR sites. These
results suggest additional applications for SLR data, where a few sites can
support satellite programs seeking 1-10 meter accuracy.
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Radial
r.m.s. (cm)

Intrack
r.m.s. (cm)

Crosstrack
r.m.s. (cm)

Global:

GPS-35 18 102 23

GPS-36 15 123 36

Over Site:

GPS-35 12 56 19

GPS-36 7 65 41
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Figure 1  GPS-35 Radial Position Error, One-Sigma Bounds &
Tracking Schedule
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Figure 2  GPS-35 Intrack Position Error, One-Sigma Bounds &
Tracking Schedule
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Figure 3  Radial Differences Over SLR Sites
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Figure 4  Intrack Differences Over SLR Sites
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Figure 5  GPS-36 Intrack Position Error, One-Sigma Bounds &
Tracking Schedule
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Figure 6  GPS-36 Intrack Position Error, With SHO
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Figure 7  Radial Differences Over SLR Sites
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Figure 8  Intrack Differences Over SLR Sites
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