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Abstract

In the absence of GNSS, reliable autonomous navigation is critical for space-based operations. Inertial
Navigation Systems (INS) typically rely on MEMS-based accelerometers and gyroscopes, which introduce
significant drift over time. While Fibre-Optic Gyroscope (FOG) -based INS offers superior stability
compared to MEMS devices, accurate velocity aiding is essential for maintaining long-term navigation
accuracy. However, conventional velocity aiding methods, such as wheel odometry and vision-based
systems, struggle in extraterrestrial conditions (such as the lunar surface) due to slippage and unreliable
visual references.

This paper will examine the implications of leveraging a laser-based sensor developed for lunar landings,
called Laser Measurement Unit for Navigational Aid (LUNA). By exploiting laser Doppler velocity sensing,
LUNA is capable of providing direct, drift-free velocity measurements, ensuring continuous, high-precision
mobility for lunar terrain vehicles, hoppers, and rovers. When integrated with high-performance FOGs,
LUNA can overcome key challenges in planetary navigation, including wheel slip from loose regolith,
extreme lighting variations, and sparse terrain features.

Earth-based testing will be discussed, which demonstrates LUNA’s capability to achieve navigation
errors below 0.061 percent of the total distance travelled when fused with a FOG-based INS, representing
an order-of-magnitude improvement over conventional velocity aiding methods. These advancements are
key for sustaining lunar bases, planetary mining, and deep-space exploration, enabling reliable GNSS-
independent navigation in the most challenging environments.

The paper concludes that LUNA has the potential to dramatically improve the ability for vehicles to
navigate on lunar surface, paving the way for safer, more efficient, and more autonomous space missions.
Further, from enabling robotic mining operations to supporting long-duration lunar habitats, its ability to
provide robust, drift-free velocity sensing is a foundational technology for the next generation of off-Earth
exploration. With applications extending beyond space, including underground mining and GNSS-denied
terrestrial environments, LUNA exemplifies how space-driven innovation can transform navigation across
multiple domains.



