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Station 1
Horizontal position error and covariance
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Ref: Navigation Performance of a Lunar Surface Rover Using
LCNS Positioning Assuming Realistic ODTS Performances,
ENC 2023
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3D position accuracy < 100m
(95 percentile)

3D velocity accuracy < 1 m/s (95t
percentile)

Timing accuracy < 15 ms (95t
percentile)
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=~ Integrity Monitoring Strategies

User / Autonomous Hybrid System / Augmentation

v Tailored to user needs and v Provides protection for wide range
sensor suite of users (scalable)

v Protects against local faults v Relative low impact on user

processing

- Doesn't scale v Can detect system faults

- Consumes valuable
computing resources - Doesn't protect against local faults

- Difficult to detect certain - Not optimized for user sensor suite

‘wide’ or system faults. - System complexity and costs
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User / Autonomous System / Augmentation
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j) GNSS Performance Simulation esa
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°D Autonomous Integrity Monitoring Eesa
1) Standalone SatNav: ARAIM - legacy and widely accepted

FSPL

(a) Horizontal Protection Levels (b) Vertical Protection Levels
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« Anticipated levels: might be feasible for less stringent
operations such as orbital coasting, but not for descent
and surface operations.
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4 LCNS

XY
) Autonomous Integrity Monitoring
2) Standalone SatNav: AIME - Sliding window residual monitor
Availability: 40.21%

Availability: 40.21%
(H)MI: 0% (H)MIL: 0%

VPL (m)

50 ( ( 50
HPE (m) VPE (m)




j’) Autonomous Integrity Monitoring Eesa

2) Standalone SatNav: AIME - Sliding window residual monitor EECCIEERENCHENCY
tighter integrity bounds

Availability: 75.59¢
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GNSS mostly improves
service availability
= RCINTI _ _ Ml 4 LCNS + GAL + GPS
v . | G v' better protection against poor geometries
than snapshot ARAIM
v Benefit of GNSS mostly in service

50
HPE (m)

VPL (m)

50

HPE (m)



@ . . ‘
D Navigation Scenario’s esa
2

Lunar Lander Lunar Rover Static User

« 4LCNS 4 LCNS « 4LCNS
« IMU DEM models « Vertical constraint

« Altimeter <5000m « Vertical constraint
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Positioning Integrity for Lunar Applications."
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,? Augmented Integrity Monitoring
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D Preliminary Lander Results

Lander Trajectory
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Publication coming soon...
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,? Conclusions

Studies are performed evaluating several navigation integrity frameworks

* GNSS-only allows for virtually no operational scenarios.
« Combining GNSS with Moonlight LCNS provides marginal benefits due to poor
geometry.
» Filtered approaches in combination with LCNS / LunaNet ranging providers can
potentially provide integrity bounds meeting requirements

« A stepwise maturing integrity augmentation system could be a feasible way forward,

reducing the user computation costs
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