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/Objectives:

Demonstrate spacecraft relative navigation
and small body characterization using only
silhouette measurements. Specifically,
combine image processing techniques to
extract precise silhouette measurements,
Gaussian processes for continuous surface
representation of a body’s shape, and
extended Kalman filtering for estimation of
the body spin, body shape, and spacecratft

/Background: h /SignificancelBenefits:
Current state-of-the-practice navigation in the Autonomous missions
proximity of primitive bodies relies heavily on greatly reduce mission
ground analyst expertise and time. Studies costs and timelines,
have been conducted using autonomous benefitting science missions
navigation for orbiting and landing on small and planetary defense.

bodies assuming shape, spin, and gravity field Autonomous mission will be
are previously determined, however, there is a able to explore unknown
critical gap in connecting the autonomous bodies and map them
cruise phase with autonomous orbit phase, i.e., | | without ground operation

relative state. autonomous approach to a small body. assistance.
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Approach:
Extract observed silhouette Compute expected silhouette Perform Gaussian process by augmenting state
from images from geometry vector in extended Kalman filter
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Results:

images of Ceres.

Monte Carlo simulations are performed on a 100-day approach to (16) Psyche. The approach ranges from 114,000 km to 811 km, taking images
every six hours. Closed-loop maneuvers target orbit insertion at the final time. Simulations include true measurements generated using the Gaussian
Process shape model and image extraction from Blender simulated images. Real image extraction and testing is also performed using the Dawn
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