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Abstract

Optical autonomous navigation (AutoNAV) involves using on-board 
imager(s) to observe known celestial beacons (e.g., asteroids, planetary 
satellites, and other spacecraft), which can then be used to estimate the 
state of the observer and possibly additional parameters. Unlike 
traditional ground-based approaches, optical AutoNAV is essentially 
independent of ground-based resources (e.g., Deep Space Network). 
This can help to reduce mission costs, alleviate the strain on deep-
space communication systems, and enable more dynamic mission 
profiles that are not limited by communication delays with the Earth. 
Through this research initiative, we focused on building analysis tools 
that were then used to quantify optical AutoNAV performance and 
develop requirements for various deep-space exploration environments 
(e.g., interplanetary cruise, Gas Giant systems, cis-lunar, etc.). Our 
specific emphasis for FY20 was on the Ice Giant systems, which are a 
particular focus area of the upcoming NASA decadal survey. Our results 
demonstrated that exploration of these systems via optical AutoNAV is 
feasible with the right combination of camera parameters and planetary 
satellite ephemeris knowledge. In fact, the navigation performance is 
comparable to typical ground-based radiometric approaches.

Tutorial Introduction

Delivery uncertainties (1-sigma) for a Triton 
flyby during a Neptune tour scenario using 
ground-based (Radio) and Optical AutoNAV.
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Poor Observer-
Beacon Geometry

Camera Focal Length 
(m)

FOV 
(deg)

IFOV 
(μrad)

Mmax

Hi-Res 2.1011 0.6 10.0 13.5

Mid-Res 0.50 7.0 60.0 10.5

Low-Res 0.0502 26.9 128.0 9.5

Camera Models

• Optical Autonomous Navigation (AutoNAV):
• Description: Navigate relative to known beacons (e.g., 

asteroids, planetary satellites, and other spacecraft) by imaging 
them with an on-board camera

• Research Goals: Determine optical AutoNAV feasibility in a 
variety of deep space environments and define requirements 
for a feasible mission profile (e.g., camera parameters, beacon 
ephemeris uncertainty, etc.)

• Benefits relative to standard ground-based radiometric 
navigation:
• Reduced mission costs
• Mitigates strain of deep space communication networks (e.g., 

DSN)
• Enables more dynamic mission profiles

• Research focused on Ice Giant exploration in FY20
• Focus area for the upcoming NASA Decadal Survey
• New research suggests unique magnetic field properties near 

Uranus
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Improved Observer-
Beacon Geometry

• Optical Autonomous Navigation (AutoNAV):
• Description: Navigate relative to known beacons (e.g., 

asteroids, planetary satellites, and other spacecraft) by imaging 
them with an on-board camera

• Research Goals: Determine optical AutoNAV feasibility in a 
variety of deep space environments and define requirements 
for a feasible mission profile (e.g., camera parameters, beacon 
ephemeris uncertainty, etc.)

• Benefits relative to standard ground-based radiometric 
navigation:
• Reduced mission costs
• Mitigates strain of deep space communication networks (e.g., 

DSN)
• Enables more dynamic mission profiles

• Research focused on Ice Giant exploration in FY20
• Focus area for the upcoming NASA Decadal Survey
• New research suggests unique magnetic field properties near 

Uranus



• Optical AutoNAV Evaluation Process:
• Determine which beacons are visible
• Down-select to the imaged beacons
• Extract measurements (e.g., centroid) from the 

images
• Process the measurements and quantify navigation 

performance
• Determine scenario feasibility

• For both Uranus and Neptune, we simulate:
• Kinematic Positioning: How well can I determine my 

position at a given time and location?
• Approach Scenario: Given measurements over time, 

can I successfully enter into orbit about the 
primary?

• Tour Scenario: Given measurements over time, can I 
successfully observe/flyby the system’s satellites?

Methodology
C
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✓SEA
<latexit sha1_base64="JZw6eZtetmlTYVRWzuCPrNtXhnM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNVBI8V7Qc0oWy223bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHN1O/9cS1EbF6xHHCg4gOlOgLRtFKvo9DjrSbPdxeTbrlilt1ZyDLxMtJBXLUu+UvvxezNOIKmaTGdDw3wSCjGgWTfFLyU8MTykZ0wDuWKhpxE2SzmyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dJsX8ZZEIlKXLF5ov6qSQYk2kApCc0ZyjHllCmhb2VsCHVlKGNqWRD8BZfXibNs6rnVr3780rtOo+jCEdwDKfgwQXU4A7q0AAGCTzDK7w5qfPivDsf89aCk88cwh84nz/m3JGU</latexit><latexit sha1_base64="JZw6eZtetmlTYVRWzuCPrNtXhnM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNVBI8V7Qc0oWy223bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHN1O/9cS1EbF6xHHCg4gOlOgLRtFKvo9DjrSbPdxeTbrlilt1ZyDLxMtJBXLUu+UvvxezNOIKmaTGdDw3wSCjGgWTfFLyU8MTykZ0wDuWKhpxE2SzmyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dJsX8ZZEIlKXLF5ov6qSQYk2kApCc0ZyjHllCmhb2VsCHVlKGNqWRD8BZfXibNs6rnVr3780rtOo+jCEdwDKfgwQXU4A7q0AAGCTzDK7w5qfPivDsf89aCk88cwh84nz/m3JGU</latexit><latexit sha1_base64="JZw6eZtetmlTYVRWzuCPrNtXhnM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNVBI8V7Qc0oWy223bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHN1O/9cS1EbF6xHHCg4gOlOgLRtFKvo9DjrSbPdxeTbrlilt1ZyDLxMtJBXLUu+UvvxezNOIKmaTGdDw3wSCjGgWTfFLyU8MTykZ0wDuWKhpxE2SzmyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dJsX8ZZEIlKXLF5ov6qSQYk2kApCc0ZyjHllCmhb2VsCHVlKGNqWRD8BZfXibNs6rnVr3780rtOo+jCEdwDKfgwQXU4A7q0AAGCTzDK7w5qfPivDsf89aCk88cwh84nz/m3JGU</latexit><latexit sha1_base64="JZw6eZtetmlTYVRWzuCPrNtXhnM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GNVBI8V7Qc0oWy223bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqnhUijeQIGStxPNaRRK3gpHN1O/9cS1EbF6xHHCg4gOlOgLRtFKvo9DjrSbPdxeTbrlilt1ZyDLxMtJBXLUu+UvvxezNOIKmaTGdDw3wSCjGgWTfFLyU8MTykZ0wDuWKhpxE2SzmyfkxCo90o+1LYVkpv6eyGhkzDgKbWdEcWgWvan4n9dJsX8ZZEIlKXLF5ov6qSQYk2kApCc0ZyjHllCmhb2VsCHVlKGNqWRD8BZfXibNs6rnVr3780rtOo+jCEdwDKfgwQXU4A7q0AAGCTzDK7w5qfPivDsf89aCk88cwh84nz/m3JGU</latexit>

S

B

2RS
<latexit sha1_base64="8gRScj1JUY96nycxRoZd7SvAkas=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF4/1I22hDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR0ySZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObmZ+64lrIxL1iOOUBzEdKBEJRtFKfo3c9x565Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadaqnlv17i4q9es8jiKcwCmcgweXUIdbaIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fzJaOAg==</latexit><latexit sha1_base64="8gRScj1JUY96nycxRoZd7SvAkas=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF4/1I22hDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR0ySZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObmZ+64lrIxL1iOOUBzEdKBEJRtFKfo3c9x565Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadaqnlv17i4q9es8jiKcwCmcgweXUIdbaIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fzJaOAg==</latexit><latexit sha1_base64="8gRScj1JUY96nycxRoZd7SvAkas=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF4/1I22hDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR0ySZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObmZ+64lrIxL1iOOUBzEdKBEJRtFKfo3c9x565Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadaqnlv17i4q9es8jiKcwCmcgweXUIdbaIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fzJaOAg==</latexit><latexit sha1_base64="8gRScj1JUY96nycxRoZd7SvAkas=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF4/1I22hDWWz3bRLN5uwOxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777RTW1jc2t4rbpZ3dvf2D8uFR0ySZZtxniUx0O6SGS6G4jwIlb6ea0ziUvBWObmZ+64lrIxL1iOOUBzEdKBEJRtFKfo3c9x565Ypbdecgq8TLSQVyNHrlr24/YVnMFTJJjel4borBhGoUTPJpqZsZnlI2ogPesVTRmJtgMj92Ss6s0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjq2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT4lG4K3/PIqadaqnlv17i4q9es8jiKcwCmcgweXUIdbaIAPDAQ8wyu8Ocp5cd6dj0VrwclnjuEPnM8fzJaOAg==</latexit>

~rS/P
<latexit sha1_base64="Nj+H24bGCBrZezjuyjF9BUQNVF8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4qokIeix68VjRfkAbymY7bZduNnF3Uyghv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6nfrNMSrNI/loJjH6IR1I3ueMGiv5nTGyVGXd9OG8lnVLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgVmxk2iMKRvRAbYtlTRE7aezozNyapUe6UfKljRkpv6eSGmo9SQMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEwTID2ukBkxsYQyxe2thA2poszYnIo2BG/x5WXSuKh4bsW7vyxXb/I4CnAMJ3AGHlxBFe6gBnVg8ATP8Apvzth5cd6dj3nripPPHMEfOJ8/5GmSKQ==</latexit><latexit sha1_base64="Nj+H24bGCBrZezjuyjF9BUQNVF8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4qokIeix68VjRfkAbymY7bZduNnF3Uyghv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6nfrNMSrNI/loJjH6IR1I3ueMGiv5nTGyVGXd9OG8lnVLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgVmxk2iMKRvRAbYtlTRE7aezozNyapUe6UfKljRkpv6eSGmo9SQMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEwTID2ukBkxsYQyxe2thA2poszYnIo2BG/x5WXSuKh4bsW7vyxXb/I4CnAMJ3AGHlxBFe6gBnVg8ATP8Apvzth5cd6dj3nripPPHMEfOJ8/5GmSKQ==</latexit><latexit sha1_base64="Nj+H24bGCBrZezjuyjF9BUQNVF8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4qokIeix68VjRfkAbymY7bZduNnF3Uyghv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6nfrNMSrNI/loJjH6IR1I3ueMGiv5nTGyVGXd9OG8lnVLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgVmxk2iMKRvRAbYtlTRE7aezozNyapUe6UfKljRkpv6eSGmo9SQMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEwTID2ukBkxsYQyxe2thA2poszYnIo2BG/x5WXSuKh4bsW7vyxXb/I4CnAMJ3AGHlxBFe6gBnVg8ATP8Apvzth5cd6dj3nripPPHMEfOJ8/5GmSKQ==</latexit><latexit sha1_base64="Nj+H24bGCBrZezjuyjF9BUQNVF8=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4qokIeix68VjRfkAbymY7bZduNnF3Uyghv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJQohnUWiUi1AqpRcIl1w43AVqyQhoHAZjC6nfrNMSrNI/loJjH6IR1I3ueMGiv5nTGyVGXd9OG8lnVLZbfizkCWiZeTMuSodUtfnV7EkhClYYJq3fbc2PgpVYYzgVmxk2iMKRvRAbYtlTRE7aezozNyapUe6UfKljRkpv6eSGmo9SQMbGdIzVAvelPxP6+dmP61n3IZJwYlmy/qJ4KYiEwTID2ukBkxsYQyxe2thA2poszYnIo2BG/x5WXSuKh4bsW7vyxXb/I4CnAMJ3AGHlxBFe6gBnVg8ATP8Apvzth5cd6dj3nripPPHMEfOJ8/5GmSKQ==</latexit>

2RP
<latexit sha1_base64="5bArAyKxMSdg9uCjT5pm+qnJnbk=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIi6LHoxWMV0xbaUDbbl3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWwcWhpl57HsTpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/loJikGMR1KHnFGjZX8OnnoN/uVqltz5yCrxCtIFQrY/FdvkLAsRmmYoFp3PTc1QU6V4UzgtNzLNKaUjekQu5ZKGqMO8vmyU3JulQGJEmWfNGSu/p7Iaaz1JA5tMqZmpJe9mfif181MdB3kXKaZQckWH0WZICYhs8vJgCtkRkwsoUxxuythI6ooM7afsi3BWz55lbTqNc+tefeX1cZNUUcJTuEMLsCDK2jAHTTBBwYcnuEV3hzpvDjvzsciuuYUMyfwB87nD8gKjf8=</latexit><latexit sha1_base64="5bArAyKxMSdg9uCjT5pm+qnJnbk=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIi6LHoxWMV0xbaUDbbl3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWwcWhpl57HsTpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/loJikGMR1KHnFGjZX8OnnoN/uVqltz5yCrxCtIFQrY/FdvkLAsRmmYoFp3PTc1QU6V4UzgtNzLNKaUjekQu5ZKGqMO8vmyU3JulQGJEmWfNGSu/p7Iaaz1JA5tMqZmpJe9mfif181MdB3kXKaZQckWH0WZICYhs8vJgCtkRkwsoUxxuythI6ooM7afsi3BWz55lbTqNc+tefeX1cZNUUcJTuEMLsCDK2jAHTTBBwYcnuEV3hzpvDjvzsciuuYUMyfwB87nD8gKjf8=</latexit><latexit sha1_base64="5bArAyKxMSdg9uCjT5pm+qnJnbk=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIi6LHoxWMV0xbaUDbbl3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWwcWhpl57HsTpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/loJikGMR1KHnFGjZX8OnnoN/uVqltz5yCrxCtIFQrY/FdvkLAsRmmYoFp3PTc1QU6V4UzgtNzLNKaUjekQu5ZKGqMO8vmyU3JulQGJEmWfNGSu/p7Iaaz1JA5tMqZmpJe9mfif181MdB3kXKaZQckWH0WZICYhs8vJgCtkRkwsoUxxuythI6ooM7afsi3BWz55lbTqNc+tefeX1cZNUUcJTuEMLsCDK2jAHTTBBwYcnuEV3hzpvDjvzsciuuYUMyfwB87nD8gKjf8=</latexit><latexit sha1_base64="5bArAyKxMSdg9uCjT5pm+qnJnbk=">AAAB7HicbVBNS8NAFHzxs9avqkcvi0XwVJIi6LHoxWMV0xbaUDbbl3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWwcWhpl57HsTpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/loJikGMR1KHnFGjZX8OnnoN/uVqltz5yCrxCtIFQrY/FdvkLAsRmmYoFp3PTc1QU6V4UzgtNzLNKaUjekQu5ZKGqMO8vmyU3JulQGJEmWfNGSu/p7Iaaz1JA5tMqZmpJe9mfif181MdB3kXKaZQckWH0WZICYhs8vJgCtkRkwsoUxxuythI6ooM7afsi3BWz55lbTqNc+tefeX1cZNUUcJTuEMLsCDK2jAHTTBBwYcnuEV3hzpvDjvzsciuuYUMyfwB87nD8gKjf8=</latexit>

P

~rB/P
<latexit sha1_base64="fhTNlQKdsxDYNrSiR340FEoeaig=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOpF48VbC20oWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgaj25n/OEaleSwfzCRBP6IDyUPOqLGS3x0jy9S0l9UvGtNeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OgpObNKn4SxsiUNmau/JzIaaT2JAtsZUTPUy95M/M/rpCa88TMuk9SgZItFYSqIicksAdLnCpkRE0soU9zeStiQKsqMzalkQ/CWX14lrcuq51a9+6tKrZ7HUYQTOIVz8OAaanAHDWgCgyd4hld4c8bOi/PufCxaC04+cwx/4Hz+AMpykhg=</latexit><latexit sha1_base64="fhTNlQKdsxDYNrSiR340FEoeaig=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOpF48VbC20oWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgaj25n/OEaleSwfzCRBP6IDyUPOqLGS3x0jy9S0l9UvGtNeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OgpObNKn4SxsiUNmau/JzIaaT2JAtsZUTPUy95M/M/rpCa88TMuk9SgZItFYSqIicksAdLnCpkRE0soU9zeStiQKsqMzalkQ/CWX14lrcuq51a9+6tKrZ7HUYQTOIVz8OAaanAHDWgCgyd4hld4c8bOi/PufCxaC04+cwx/4Hz+AMpykhg=</latexit><latexit sha1_base64="fhTNlQKdsxDYNrSiR340FEoeaig=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOpF48VbC20oWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgaj25n/OEaleSwfzCRBP6IDyUPOqLGS3x0jy9S0l9UvGtNeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OgpObNKn4SxsiUNmau/JzIaaT2JAtsZUTPUy95M/M/rpCa88TMuk9SgZItFYSqIicksAdLnCpkRE0soU9zeStiQKsqMzalkQ/CWX14lrcuq51a9+6tKrZ7HUYQTOIVz8OAaanAHDWgCgyd4hld4c8bOi/PufCxaC04+cwx/4Hz+AMpykhg=</latexit><latexit sha1_base64="fhTNlQKdsxDYNrSiR340FEoeaig=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU01E0GOpF48VbC20oWy2k3bpZhN3N4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgaj25n/OEaleSwfzCRBP6IDyUPOqLGS3x0jy9S0l9UvGtNeueJW3TnIKvFyUoEcjV75q9uPWRqhNExQrTuemxg/o8pwJnBa6qYaE8pGdIAdSyWNUPvZ/OgpObNKn4SxsiUNmau/JzIaaT2JAtsZUTPUy95M/M/rpCa88TMuk9SgZItFYSqIicksAdLnCpkRE0soU9zeStiQKsqMzalkQ/CWX14lrcuq51a9+6tKrZ7HUYQTOIVz8OAaanAHDWgCgyd4hld4c8bOi/PufCxaC04+cwx/4Hz+AMpykhg=</latexit>
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• Significant Conclusions:
• Intense seasonal lighting variations make Uranus mission timing 

important

• Neptune approach is the most difficult case, but cameras that 
could support it already exist

• Optical AutoNAV can feasibly enable exploration of the Ice Giant 
systems given an appropriate camera and achievable 
improvements in the ephemeris knowledge of the systems’ 
satellites

• Using the Hi-Res camera model, optical AutoNAV performance is 
comparable to (or at times better than) ground-based methods

• These results, in combination with accomplishments 
from previous years:
• Demonstrate a successful completion of this research initiatives 

goals with many potential scenarios thoroughly analyzed (e.g., 
interplanetary cruise, Gas Giants, cis-lunar, and Ice Giants)

• Supports a renewed push for AutoNAV usage in flight

• Several missions have/will employ aspects of AutoNAV for 
limited portions of their missions (e.g., Deep Space 1, 
Stardust, OSIRIS-REx, and DART)
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