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Project Objective Navigation for Gas Giant Approach and Tours (FY18-19)
Demonstrate that an onboard navigation system using
only optical images of natural or artificial objects can
be used to navigate a spacecraft anywhere in the
Solar System

« Characterize performance of such a system for wide
variety of mission scenarios

* Develop system requirements for onboard navigation

Results indicate that navigational accuracy on approach to Jupiter or Saturn can be achieved with relatively
modest cameras used for imaging

For satellite tours, Jupiter performance is inconsistent due to the low number of visible satellites, but Saturn
performance is consistent (about 10 km accuracy near Saturn and 100 km elsewhere) and feasible with mid-

to high-performance cameras
Jupiter system

104

Saturn system

103

L 102

Current state-
of-art is to use
ground-based
navigation with
stations like this
DSN antenna

101

1-0 position uncertainty (km)

10°

(above plots show kinematic position accuracies at sample epoch using high-res camera)

Navigation in Cis-Lunar Space (FY1 9) Step 2: Usg specific trajectory to t.h.e moon -
(LRO for this example) to see position and
velocity accuracies achievable using full

navigation filter
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Step 1: Determine general geometric position accuracy across
cis-lunar space using combination of artificial satellites, lunar
centers, and lunar landmarks
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Full navigation filter improves on simple
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Step 3: Analyze fuel requirements for optical- Post-LOI-1 delivery error (1-0)
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Limited capability for positioning using low-res, but good (Red indicates prohibitive fuel amounts / delivery errors,
coverage for mid-res and very good coverage high-res cameras green indicates reasonable fuel requirements)
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* An optical-only, onboard approach to deep space
navigation is feasible with current technologies

« Specific requirements on camera performance can be
analyzed and tailored for individual missions

* Results for cis-lunar space indicate that future lunar
mission architectures can take advantage of this
approach to minimize DSN and other ground asset
tracking needs for navigation
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