
Navigation for Gas Giant Approach and Tours (FY18-19)

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

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

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

Navigation in Cis-Lunar Space (FY19)

Step 1: Determine general geometric position accuracy across
cis-lunar space using combination of artificial satellites, lunar
centers, and lunar landmarks

Benefits to NASA and JPL

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

Step 2: Use specific trajectory to the moon 
(LRO for this example) to see position and 
velocity accuracies achievable using full 
navigation filter

Full navigation filter improves on simple 
geometric positioning (shaded region) and 
also enables estimating spacecraft velocity

(Red indicates prohibitive fuel amounts / delivery errors,
green indicates reasonable fuel requirements)
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Limited capability for positioning using low-res, but good
coverage for mid-res and very good coverage high-res cameras

Step 3: Analyze fuel requirements for optical-
only approach for same LRO trajectory

responds to a particular camera and combination of data (see Table 5 for target type variations). All cases
are shown for the Mid Res camera, and the “all data” case (Case 8) is shown for the Low Res and Hi Res
camera for comparison. Values highlighted in red indicate likely sources of infeasibility. Case numbers are
highlighted in green if all the results in that row would likely be feasible in an LRO-like mission scenario.
The “Perfect OD” row assumes perfect data cutoff knowledge (no error in orbit determination), and only
assumes errors in the maneuver execution. This row is therefore the limiting case for the statistical study,
and represents the best possible performance that any orbit determination scenario (optical, radiometric, or
otherwise) could theoretically give.

Table 7. Statistical maneuver analysis for different mission cases.
Post-LOI-1 delivery error (1-�)

Camera Case MCC-1
(m/s)

LOI-E
(m/s)

Total
(m/s)

Period
(sec)

Periapsis
(km) Inc. (deg)

Mid Res 1 142.283 2007.074 2149.359 27702.5 1414.9 17.70
Mid Res 2 7.863 107.998 114.485 1957.5 98.6 7.54
Mid Res 3 4.367 35.020 37.891 935.4 46.8 0.15
Mid Res 4 4.032 10.917 13.088 163.0 7.8 0.06
Mid Res 5 4.095 25.268 27.428 647.0 32.4 0.10
Mid Res 6 4.035 10.905 13.049 162.5 7.8 0.06
Mid Res 7 4.027 9.790 12.161 139.1 7.1 0.05
Mid Res 8 4.030 9.765 12.242 139.4 7.2 0.05
Low Res 8 4.493 39.637 42.625 1028.1 51.6 0.19
Hi Res 8 4.020 7.270 10.531 57.1 3.2 0.04

Perfect OD 4.005 7.054 10.397 52.4 3.0 0.04

The “likely feasible” results highlighted in green share two commonalities: 1) the camera quality is “Mid
Res” or better, and 2) the target types include at least artificial satellites and Moon centers. These statistical
results indicate that an LRO-like mission could feasibly be navigated and autonomously conducted to its
lunar orbit using an AutoNav system if these two conditions are met, and a similar data cadence as the one
presented in Table 2 is observed. The cases that have “likely infeasible” values in red could possibly be made
feasible if more targeting maneuvers were added, if the camera quality was improved, or if strategically-
placed radiometric data were used to augment the optical data.

Varied Lighting Conditions

The results in this section have thus far assumed the same lighting conditions and Sun-Earth-Moon ge-
ometry that LRO experienced in flight. We now perform a brief assessment of the effect of other lighting
geometries on the navigation solution, particularly related to when the Moon is within the 30-degree keep-
out cone around the Sun as seen from the spacecraft.

Instead of varying the epochs in the LRO cruise, the Earth-Moon barycenter ephemeris was simply rotated
around the Sun by a certain amount in order to change the relative location of the Sun with respect to the
Earth, Moon, and LRO. A rotation of zero degrees is the nominal (actual) Earth-Moon barycenter ephemeris.

Figure 11 shows a “sky plot” of the Moon as seen from LRO during its cruise phase, with each trace
representing a different rotation amount for the Earth/Moon barycenter ephemeris about the Sun. For each
trace, the Moon starts at the green “o” and ends at the red “x”. The Sun is at the center of the plot, and the
30-degree keep-out cone constraint is shown as a red circle. Black triangle ticks are marked every 6 hours.
The trace labels show the rotation in degrees along the Earth’s orbit (0� is the un-rotated case).

The lines corresponding to 270�, 300� and 330� all spend some amount of time within the Sun keep-out
cone. In a these lighting condition, the spacecraft would not be able to see the Moon for part of its cruise
phase due to geometric constraints, and so could not use Moon centers or lunar landmarks as a target type.
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