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Project Objective:

Develop algorithms to onboard estimate the motion and shape of a
small unknown body during approach as well as recover the relative

spacecraft trajectory
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Benefits to NASA and JPL

A critical capability toward autonomous missions to small bodies,
which could provide access to a larger number at more affordable
cost. Allows maturing end-to-end autonomy capabilities.

67P and Rosetta Spacecraft
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Shape from Silhouette (SfS)

Used distinct signature of silhouette at a large
distance to estimate pole and shape

Landmark-based Mapping Hazard assessment
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Optical navigation
required at < 1,000 km

SFS Shape Error vs. Body Size
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Orbit Determination (MONTE)

Use state-of-the-practice navigation filter with
dynamic model and optical measurement from
feature tracking to estimate orbit
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Noisy pole estimates at far dstances,

lkely due to poor sihouette
extraction and coarsely discrelized
sampling.

IMAGE
PROCESSING

0
Body apparent diameter [pixels]

10,000 km 8,000 km 6,000 km 4,000 km 2,000 km
Area: 5 X6 pxe Area: 67 pxt Area: 8x 10 px? Area: 1x 14 px2 Area: 22% 28 pxt
S
©
E
[}
2
=
| Distance
- | = | - | v -=|
S ) ‘ "
o 4
Al - | = | - |
g . 3 =
£ 1 &
N i @ Gt
» s

Landmark Feature Matching

Used neural-network (CNN) feature descriptors
distributed 10 pixels apart across image

Trained on simulated data

Tested on real data from Rosetta mission
Compared to SOA descriptors (SURF and BRIEF)

Tested on Real Data from Rosetta Mission

Trained on Simulated Body w/ Realistic Lighting

Uncertainty evolution on the equatorial plane

Estimated Orbit
|— Dynamics propagation
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