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During transit in microgravity, astronauts will reinterpret neurovestibular stimuli, prior to initial exposure to partial
gravity when landing on the Moon or Mars. This poses a risk of spatial disorientation and impaired manual control
performance during piloted planetary landings. Here, we propose to develop, validate, and assess a system for detecting
when astronauts may become disoriented in real-time, such that it can be used to trigger active countermeasures for
piloted planetary landings. Our approach leverages a well-validated computational model for human spatial orientation,
now applied to partial gravity planetary landings. Incorporating microgravity neurovestibular adaptation, the vehicle
motions of each landing trajectory are processed in real-time by the computational model to detect pilot spatial
disorientation. We will assess the system using a ground-based lunar landing analog, combining a gravity transition (3
Gx) with a motion-based planetary landing simulation. First, we will experimentally tune and re-validate the
computational model for detecting spatial disorientation, accounting for the effects of the recent gravity transition. Then,
using the high-fidelity Disorientation Research Device, we will assess the benefit of the active countermeasure
triggering system. Critically, this approach of triggering manual control countermeasures only when they are needed
(i.e., when the pilot is about to be disoriented) avoids the added burden on the pilot to continuously process additional
sensory information or otherwise have increased workload. We aim to deliver a validated performance support tool for
triggering active countermeasures for pilot spatial disorientation during manually controlled lunar landings.
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