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Introduction and Broader Impact
NASA's Asteroid Retrieval Mission (ARM) is a robotic
mission concept that aims to return near-Earth asteroids
(NEAs) to a safe and stable orbit in cislunar space for:
•
•
•
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Once captured, NASA proposes to employ a solar-electric
propulsion (SEP) system to direct NEAs from solar orbit
to cislunar space.

A neural network was employed to experimentally
characterize any given SEP/NEA system dynamics by
iteratively comparing test input/output relationships
between the neural network model and the SEP/NEA
(plant) response. An
error signal is created
which then trains the
network to develop a
more accurate model.

Figure 5: Neural Network Training Results

Conclusion

Figure 3: Neural Network Training Process (image: MathWorks Inc.)

The learning algorithm uses a dual-layer
backpropagation method to train the neural network.
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Due to the difficulties associated with accurately
characterizing the mass and density distribution of
target near-Earth asteroids, the research looks to
investigate a means by which the SEP/NEA system
dynamics may be experimentally characterized.

Procedure
In order to both simulate and visualize NEA/SEP
dynamics, a SimMechanics™ environment was created
that features the SEP system attached to an NEA object
for which characteristics may be generated randomly
(mass, center of mass, moments of inertia, etc.)

Figure 4: Dual-Layer Backpropagation Method (image: MathWorks Inc.)

Results
The neural network training algorithm required, in
general, approximately 100-150 training iterations to
minimize the plant/model error to a negligible value (as
depicted in the lower-right graph of figure 5). The input
depicted in the upper-left graph of figure 5 illustrates a
single-axis thrust angle (in radians) of the SEP system.
The plant output illustrated is a single-axis displacement
of the entire SEP/NEA system.
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System characterization of the NEA/SEP system through
use of neural network backpropagation training seems
to be valid means by which NEA/SEP system dynamics
may be identified. However, due to the nature of the
Asteroid Retrieval Mission concept, system identification
through use of iterative thrust input tests may not be
appropriate in certain situations (i.e. if the NEA/SEP
vehicle requires detailed maneuvers directly after NEA
capture to escape a crowded asteroid field).

Future Work
Future efforts on this project are already planned. In
particular, this work represents a preface to a graduate
thesis focusing on the use of the simulation environment
and NEA/SEP system characterization
method developed here. More specifically,
the graduate work will look to control
the NEA/SEP trajectory using various
methods of predictive control (and
perhaps other methods as well).

