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Abstract

Chronic fluid shift to the cranial region in microgravity during long-duration space missions leads to
decreased venous return, altered intracranial pressure (ICP) balance, and increased risk of Spaceflight-
Associated Neuro-ocular Syndrome (SANS). Current approaches are largely limited to periodic monitoring
and limited-duration lower-body negative pressure (LBNP) sessions. Although these methods monitor
symptoms, they do not permanently stabilize the underlying hemodynamic mechanism of fluid redistri-
bution. The root of the problem is the lack of a pressure gradient directed towards the lower extremities
in the microgravity environment. This work presents an adaptive, closed-loop fluid distribution stabi-
lization architecture aimed at reducing intracranial pressure variability. The proposed system is based
on the integration of a wearable, multi-zone compression layer and a miniaturized, low-intensity LBNP
micro-module. The goal is to dynamically restore the physiological pressure gradient in the lower body,
thereby balancing venous return and central hemodynamics in real time. The system operates with an
adaptive control algorithm based on selected non-invasive physiological parameters - heart rate variability,
peripheral temperature, and perfusion indices. This algorithm modulates the compression level and neg-
ative pressure parameters according to individual physiological responses. The architecture is designed
as a miniature and continuously applied version of existing LBNP concepts and, thanks to its modular
design, can be used without interfering with daily operational activities. The proposed approach is not a
medical treatment, but an engineering solution aimed at mechanism-based maintenance of hemodynamic
stability in microgravity. This system provides a practical and scalable platform for reducing intracranial
pressure fluctuations, managing vision-related risks, and supporting crew health stability during long-
duration missions. The architecture forms a structural-level approach for the continuous adaptation of
human physiology in future deep-space missions.

1

Paper ID: 108105
student


