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Abstract

The sustainability and safety of future lunar habitats will depend on reliable environmental monitoring
and rapid response to potential hazards within closed habitat systems. Lunar analog missions provide
valuable opportunities to evaluate sensing architectures, operational workflows, and automation strate-
gies under conditions that simulate isolation, resource limitations, and confined living environments. This
study presents an integrated environmental sensing and autonomous monitoring framework developed and
evaluated during the Aquilla analog mission conducted at the LunAres Research Station in Poland. The
proposed system combines distributed environmental sensors with autonomous monitoring algorithms to
continuously track key habitat parameters such as carbon dioxide concentration, temperature, humidity,
and atmospheric quality. Sensor data are collected through a centralized monitoring architecture that per-
forms real-time logging, anomaly detection, and trend analysis to maintain safe environmental conditions
within the habitat. To enhance operational safety, an early-warning mechanism is incorporated into the
monitoring system. This mechanism analyzes environmental data streams and identifies deviations from
predefined safety thresholds, enabling the system to generate alerts before conditions reach critical levels.
The early-warning framework supports proactive operational responses by notifying the crew and trigger-
ing predefined mitigation procedures, such as ventilation adjustments or resource management actions.
Operational observations from the mission highlight the importance of integrating environmental sensing
with autonomous monitoring and early-warning capabilities to reduce crew workload and improve habitat
safety. The results demonstrate how sensor-driven situational awareness and automated alert systems
can strengthen operational resilience in isolated environments. These findings contribute to the devel-
opment of intelligent habitat monitoring architectures applicable to future lunar surface missions, where
autonomous environmental management and early hazard detection will be essential for maintaining crew
safety and long-duration mission sustainability.



