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COOPERATIVE AUTONOMOUS EXPLORATION OF PLANETARY ANALOGUE ENVIRONMENTS:
RESULTS AND TECHNOLOGICAL VALIDATION OF THE VAMEX-3 PHASE IN THE
LANGENALTHEIM FIELD TEST

Abstract

The autonomous exploration of extreme planetary terrains, such as the Martian Valles Marineris ,
requires a sophisticated synergy between high-performance navigation algorithms and specialized robotic
hardware. This paper presents the findings of the VaMEx-3 field test, focusing on the integration of a
robust navigational architecture with a heterogeneous swarm of robotic agents.

A major focus of the mission was the deployment of purpose-built hardware platforms designed for
unstructured environments. These include the Artemis 2 offroad-capable rover , which utilizes a 6-wheel
rocker-bogie suspension to overcome complex terrain , and the Janus high-mobility rover. These ground
units operated in coordination with Unmanned Aerial Vehicles (UAVs), forming a collaborative network.

The core of the navigational system was a decentralized Multi-Robot LiDAR SLAM algorithm. This
approach enabled the swarm to generate a globally consistent point-cloud map while providing precise
pose estimation across all mobile platforms. To ensure reliability in GNSS-denied environments, the
system integrated a multi-modal localization stack including radio beacons distributed throughout the
exploration area , complemented by sun sensors, and inertial measurements.

Furthermore, the paper details the validation of a Terrain Relative Navigation (TRN) payload. This
payload, implemented on high-performance, radiation-resistant processing hardware , was tested using
Hardware-in-the-Loop (HITL) configurations to verify its robustness against sensor failures. To ensure
close-range safety and precise obstacle avoidance, the vehicles employed a suite of proximity sensors,
including LiDAR and ultrasound, allowing for collision-free movement in unmapped areas.

The Langenaltheim trials successfully demonstrated that the combination of specialized robotic hard-
ware and a layered autonomous navigation stack provides a scalable and fault-tolerant framework for
future planetary exploration.



