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Abstract

With the growing interest for future lunar crewed missions, ground analogue facilities play a crucial
role in hardware preparation, improvement of operational procedures and personnel training, all in a
simulation environment. To support these needs the LUNA analog facility was designed. As a joint
initiative of the European Space Agency (ESA) and German Aerospace Center (DLR), it enables complex
and realistic lunar simulations to support preparation of both human and robotic surface activities.
One of the key elements strengthening LUNA testing capabilities are Extravehicular activity (EVA)
suit simulator systems. The LUNA EVA suit simulator combines a mechanical structure (commercially
available system, EXCON suit, developed by Atlas Devices), simulating movement constraints of NASA’s
Exploration Extravehicular Mobility Unit (xEMU), also closely resembling the planned Artemis surface
suits currently in development by Axiom Space, and an in-house designed Portable Life Support System.
It serves as a platform for diverse testing and user training. The system allows operational teams,
including simulated ground support and surface operators, to familiarize themselves with the physical and
procedural constraints associated with lunar EVA operations. This paper presents the utilisation scenarios
and operational methodologies developed through iterative testing with the LUNA EVA suit simulators.
The performed work covers several categories of testing activities, including evaluation of EVA equipment,
verification of operational procedures, and assessment of suit components themselves. These scenarios are
complemented by an overview of operational principles, including team roles, task distribution, personnel
training, and the detailed procedures for nominal and emergency scenarios. The iterative testing enabled
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the identification of challenges related to suit mobility constraints, operation timelines and crew safety
in simulated lunar conditions. These findings impacted refinements of the procedures and establishment
of a structured operational methodology applicable to future analogue and flight programs. In parallel,
ongoing technical upgrades aim to further increase the simulation fidelity, through testing of pressurised
suit elements, development of Portable Life Support System (PLSS) capabilities to adapt for long-duration
activities and the integration of the gravity-offloading system (GOS) for more realistic simulations.
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