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SUMMARY
The Global Ecosystem Dynamics Investigation (GEDI) mission launched from Cape Canaveral, Florida on December 5th, 2018, with the goal of providing the first global, high-resolution observations of forest 
vertical structure. The fundamental measurement used to achieve mission science objectives is the geolocation of individual waveforms collected by the GEDI lidar instrument. Geolocation is computed as a 
function of three complex measurements: (1) the position of the laser altimeter in space, (2) the pointing of the eight individual lidar beams, and (3) the laser pulse round-trip range estimate computed from 
the waveform processing. GEDI Precision Positioning is responsible for computing the first of these; the precise position of the laser altimeter instrument.
The GEDI payload is berthed on-board the International Space Station (ISS) at the Japanese Experiment Module (JEM) Exposed Facility Unit (EFU) #6 location. The payload includes a Global Positioning 
System (GPS) receiver manufactured by NASA’s Jet Propulsion Laboratory (JPL). Tracking data collected by the GPS receiver is the primary data source used for generating positioning solutions. Positioning is 
performed using GEODYN, NASA Goddard Space Flight Center’s (GFSC) state-of-the-art orbit determination and geodetic parameter estimation software, and a reduced-dynamic solution strategy is employed.
Here we discuss the challenges associated with computing positioning solutions for the GEDI altimeter instrument, including GPS signal blockages due to surrounding ISS structures and the lack of an 
independent validation data source such as satellite laser ranging (SLR) data. We then assess early mission precision positioning performance by analyzing GPS double-difference observable residuals, 
consecutive positioning solution overlap deltas, and deltas to ISS Near Real-Time (NRT) telemetry solutions. We also use once-per-rev and twice-per-rev fits to altimetry residuals over the ocean to obtain 
another estimate of precision positioning radial accuracy.
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The GEDI payload includes a Trig Lite GPS receiver 
manufactured by NASA’s Jet Propulsion Laboratory (JPL). The 
GPS receiver can track up to 12 satellites at a time. Due to 
surrounding structures limiting the GPS receiver’s view of the 
sky, the receiver tracks ~5 satellites at a time on average.

The figures below show GPS receiver tracking performance 
and clock performance from a representative date (March 28, 
2020).
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Geodetic satellites typically have satellite laser ranging (SLR) 
or another datatype available which can be withheld from 
orbit determination solutions and used as an independent 
arbiter of orbit performance. In the absence of SLR tracking, 
we can utilize the GEDI altimeter ocean range residual 
performance as an indicator of radial orbit accuracy.
Examination of ocean range residuals shows residual 
performance (relative to a mean ocean surface model 
including the suite of geophysical corrections) typically on the 
order of 38 cm RMS when corrected for range bias, and with 
no significant performance difference between orbit ascending 
and descending data.  The 38 cm RMS is primarily due to 
unmodeled ocean waves.
Further filtering of the ocean range residuals for orbit error 
signal dominated by once-per-orbit revolution and twice-per-
rev orbit errors indicates amplitudes less than 10 cm and 
typically on the order of 5 cm each.   
The figure below presents the ocean residual performance for 
a typical day, April 17th, 2019.   The overall altimeter residual 
performance, and the 3.1 and 4.4 cm amplitude of the once 
and twice per orbit revolution signal results, indicate the 
radial orbit error is out performing the 25 cm RMS radial orbit 
accuracy requirement.

Global Ecosystem Dynamics Investigation (GEDI) is a multi-
beam waveform lidar instrument on-board the International 
Space Station (ISS). GEDI is providing the first global, high-
resolution observations of forest vertical structure.
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The nominal processing strategy gives a 6-hour overlap period 
between two consecutive ARCs. Computing orbit differences 
during overlap periods provides an estimate of the orbit 
precision.

The first performance metric that is analyzed to assess precise 
positioning performance is GPS double-difference residual 
RMS. The figure below shows the GPS double-difference 
residual RMS values for each positioning solution (ARC) over 
the life of the mission. Nominal positioning processing utilizes 
daily, 30-hour ARCs center around noon of each day. The 
figure below shows remaining structure correlated to orbit 
and attitude geometry.   

While the current precise positioning solutions are exceeding 
mission requirements, we expect future processing updates to 
improve performance even further. These include:
• Tuned GEDI GPS antenna offset vectors and Antenna Phase 

Center (APC) map using the extent of the mission data 
reduction

• Reduction of high-rate undifferenced phase data
• Reduced dynamic solution parameterization tuning, 

including the implementation of a detailed ISS non-
conservative force model
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GEDI is berthed on-board the ISS at the Japanese Experiment 
Module (JEM) Exposed Facility Unit (EFU) #6 location as 
shown in the figure below. The ISS orbit is at 51.6°inclination 
angle and has a 415 km average altitude.

JAPANESE EXPERIMENT MODULE (JEM) LOCATION ON ISS

The final performance metric analyzed is positioning solution 
difference to ISS orbits from Near Real-Time (NRT) telemetry. 
These orbits have expected accuracy on the order of 10 m or 
more and therefore are significantly less accurate than the 
GEDI orbit solutions.  However, the differences provide a 
means to identify any significant anomalies in the GEDI 
solution.   
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The figure to the right shows 
the view looking upwards 
from the GEDI payload, 
specifically from the GPS 
antenna location (CAD model 
representation). The 
surrounding ISS structures 
limit Global Positioning 
System (GPS) signal tracking, 
thereby hindering precise 
positioning performance.

Positioning solutions are generated using GEODYN, NASA 
Goddard Space Flight Center’s state-of-the-art orbit 
determination and geodetic parameter estimation software. 
GEODYN utilizes a Cowell predictor-corrector numerical 
integrator and a Bayesian least squares estimation method. A 
reduced-dynamic solution strategy is employed. 
The primary measurements used in the positioning solutions 
are double-differenced GPS carrier phase observables with 
ionosphere-free linear combination applied. GPS satellite 
orbits from the International GNSS Service are used and held 
fixed in positioning solutions.
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The GPS receiver 1 Pulse Per 
Second and time at tone is used 
as the altimeter instrument 
time reference to calibrate the 
oven controlled oscillator and 
all instrument timing.  When 
the receiver is clock steering, 
the clock offset relative to GPS 
time remains within 
requirements of + / - 50 micro-
seconds. 


