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ROBOTIC PRECURSOR PROTOCOL FOR HUMAN ACCESS TO LUNAR LAVA TUBES

Abstract

A fundamental challenge in planning crewed lava tube exploration is defining when robotic recon-
naissance is complete enough to certify crew entry as safe. This requires structured protocols specifying
which data products are necessary, which hazard thresholds must be cleared, and how the handover from
autonomous robotic to human-supervised operations is formally managed.

This paper presents a robotic precursor exploration protocol developed within the SEEDS XVIII
programme, a joint mission design project of Politecnico di Torino, ISAE-SUPAERO, and the University
of Leicester, in partnership with ESA, ASI, and Thales Alenia Space. SEEDS XVIII covers the full
arc from Earth analog validation through a lunar robotic demonstration to a crewed Martian campaign,
allowing the protocol to be validated progressively across environments of increasing fidelity.

The protocol defines five sequential phases: orbital reconnaissance to characterize skylight geometry;
rim-deployed robotic survey for structural stability assessment and preliminary 3D mapping; tethered
robotic descent with multi-sensor mapping, atmospheric sampling, and hazard detection; autonomous
rover exploration to extend the mapped volume and establish crew navigation waypoints; and a formal
readiness review integrating all data into a crew go/no-go decision. Human-Robot Interaction design cov-
ers supervisory control modes, latency management, shared situational awareness interfaces, and abort
procedures, drawing on lessons from the ESA CAVES programme, NASA NEEMO missions, and terres-
trial cave rescue frameworks.

Validation through Earth analog campaigns in the Canary Islands, Iceland, and Hawaii is planned
prior to the lunar demonstration. The study concludes that a five-phase protocol with a formal data-
driven readiness gate provides a traceable and operationally sound basis for certifying crew entry, and
that analog testing is essential to calibrate the hazard thresholds that govern the go/no-go decision. These
results directly inform the lunar demonstration mission design in SEEDS XVIII Phase 2.
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