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Abstract

Planetary landings represent a very challenging scenario for Guidance, Navigation and Control (GNC)
systems. Indeed, due to the fast-landing dynamics, real-time ground control is often limited or impractical
because of communication delays and restricted coverage of the landing area. Recent attempts to land on
the lunar surface have further highlighted the need for an autonomous and reliable GNC module. Thus,
to support these missions, the European Space Agency (ESA) is currently developing the Moonlight
Lunar Communication and Navigation System (LCNS) and the MARs COmmunication and Navigation
Infrastructure (MARCONI) that will provide GNSS-like signals enabling One-Way Ranging (OWR) for
lunar and martian users, respectively. However, as these constellations will be gradually deployed, an
initial key challenge will be the limited availability of the signals with respect to well-established Earth
GNSS systems.

Within this context, Vision-Based Navigation (VBN) techniques are becoming increasingly popular
due to their low cost and complexity, requiring only a single on-board monocular camera. In this regard,
navigation solutions in close proximity to the surface often exploit geometry-based techniques to estimate
the relative frame-to-frame motion. Despite these methods are well established, they suffer robustness
issues in low-texture environments and accumulate errors over time, leading to a drift of the navigation
solution.

To address these challenges, this paper presents a novel relative navigation pipeline that integrates
an Artificially Intelligence (AI) – based visual odometry module with absolute OWR measurements. The
relative navigation consists of a deep learning based visual odometry module with single frame depth
estimation. The optical odometry pipeline integrates multi-view geometry and deep learning, leveraging
single-image depth estimation (SIDE) for scale consistency and a CNN feature tracker and matcher
network. The relative navigation module uses epipolar matrix or homography to retrieve the pose. In
addition, if 2D-2D trackers fail, PnP on inferred 3D structure can be used. On the other hand, the addition
of the absolute measurements further compensates the drift of the relative solution whilst maximizing the
available information, as an independent GNSS solution can only be computed with at least four different
navigation signals.
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The algorithm performance and robustness to environmental conditions are assessed by considering
landing scenarios on both the Moon and Mars, under varying illumination and terrain conditions, as well
as OWR signals availability and quality. The results will critically demonstrate the benefits of this newly
developed navigation pipeline, showcasing how it can enhance the navigation accuracy and spacecraft
autonomy for planetary landings.
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