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Accurate – Probes can pass very close to the asteroid’s surface, giving a 1/r2 boost in “signal”, 
and angle measurements benefit from short ranges. 

Simple – Low-cost probes need only be trackable from a nearby spacecraft, no on-board  power 
or electronics are required.  

Numerous Measurements – Probes are low-volume, light-weight, stackable. 

Diverse Data – Each probe has an independent trajectory, improving observability. 

1.  A spacecraft dispenses a set of small,  
low-cost probes prior to a flyby of an asteroid or comet.  
Both the spacecraft and the probes fly past the asteroid. 

2.  The spacecraft tracks each probe’s pre- and post-encounter positions using an 
on-board camera and downlinks the images to the ground.  

3.  By processing measurements of the probes’ positions, we estimate the body’s 
mass [1] and make inferences about its composition and structure.   

OpGrav Concept 

This approach compliments flyby science 
without interfering with close-approach 

activities.  The data can be downlinked 
well after the flyby and is processed in 

conjunction with typical results. 

Development Status 

We are currently testing [2] a flight-like prototype for deployment accuracy, 
thermal vacuum environment, vibration, and radiation. 

This hardware is expected to achieve TRL 6 testing by Oct 2017. 

The 12 cm diameter 
probes expand to 

form a sphere. They 
are wrapped in 

white, diffuse Beta-
cloth for favorable 

observability during 
the flyby. 

Validation Study 
This research seeks to validate the OpGrav in-house results using NASA’s flight-proven 
GEODYN code. GEODYN has been demonstrated in Earth [3], Lunar [4], Martian [5], and 
small-body [6] orbits.  Both tools include batch least squares (BLS) estimators, though the 
OpGrav code also includes an Extended Kalman Filter (EKF). 

 

We created a validation case using radiometric Doppler tracking from Earth to a 
hypothetical spacecraft passing Eros (8.42 km equivalent radius, S-type). This exercises 
dynamics models, measurement models, and estimation routines. 
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This process highlighted differing approaches within the software. However, after aligning 
all of the input statistics, the final GM estimate means agree to <5% and standard 
deviations agree to <15% over the convergence region. Additional samples (random draws 
on initial parameters) show similar behavior. 

Parametric Study 

For the above geometry, we evaluated sets of 200 Monte-Carlo cases using OpGrav instead 
of Doppler tracking. We varied flyby velocity and asteroid radius to determine the ranges 
at which OpGrav can return useful results. In each case, 3 probes are deployed prior to the 
flyby and tracked using an imager similar to the New Horizons LORRI telescope.  
 

The plots below give the 10th (bottom), 50th (middle), and  

90th (top) percentile results for each set of Monte- 

Carlo runs. 
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These results show meaningful improvements to Doppler-only gravimetry, enabling mass 
estimation for smaller (1 km radius) asteroids, or increasing accuracy for larger asteroids. 
For very small asteroids (0.5 km radius), high quality estimates are still possible. The 
performance is heavily dependent on the achieved probe flyby distance. 
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