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Moonlight scenarios

Surface Rover Lunar Lander Low Lunar Orbiter

Navigation Requirements

Space Traffic 500 m

Lunar Transfer Orbit <

Lunar Orbit

[nitial Descent
Final Descent 100 m
Surface Position

Lunar Gateway Rendezvous 500 m

Critchley-Marrows, ). J.,Wu, X., and Cairns, |. H.(2023). An . . . .
architecture for a visual-based pnt alternative. Acta Astronautica, SlmU|at|0n scenarios ConS|dered:
210:601-608. .

* 4 LCNS satellites (or 1 LCNS, 1 LNSS and 2 LCRNYS)

* NaviMoon GNSS receiver
«  NovaMoon / Argonaut local beacon
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Satellite orbits and simulation windows
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SIS—UREy . = pefiax | € cos 0 + /ej + €Zsin 6 + |Atg|c

SIS—UVEyy;, = ge[rglgx : €grcos B + /e’AZ + E'CZ sin 8 + |Ai5|c

3 URE at WUL Service Volume
(>70 deg. lat. & <200km alt.)

SIS UVE [

Epoch [s]
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Filter design
Poor geometry [ —us 0 1 0] range
. . . 5 . T
Most satellites in small cone He=| (5 — (rsud)us) )
e ) . ) . o —ur 01 pate
Significantly impacts solution separation approach r
-> residual monitor more suitable i
s o3, + URA? 0
p= 0 o2, + UVA?
Failure detection
Td == X_Z(Pfalv) Vk = HkPk_Hk + R

2 P -1
Savg = Yavgvavgyavg

ngg ~x2(n) Protection levels
PL = SLOPE a5/ Ta+ k \/diags (P)
k =+2erfc™(P,4)
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+ Filter need to be reset when PDOP restores within thresholds
« Satellite exclusion should take into account the impact on PDOP
« 2-hour contingency period after exclusion (even false alarm) can

have a big impact on availability.




Integrity Availability on Lunar South Pole
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Note: LCNS orbits designed for Horizontal
constraint HDOP<3.5 for >15h per day
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EKF with sliding window integrity monitor is a promising approach for user-based
integrity monitoring at the lunar surface

- Preferable over solution separation due to poor observability conditions

- EKF with LCNS can provide tight integrity bounds for orbiters

- Adding GNSS can help improving availability, but the impact on DOP should be carefully
addressed

- Local beacons with ranging components can help further improve availability

- Further accuracy improvement and tight integrity bounds allowing for surface
applications require additional sensor implementation (presented at ION PLANS 2025)
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