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Abstract

Space missions require high levels of physical conditioning, resilience, and human performance to ensure
the safety and effectiveness of astronauts operating in isolated and confined environments. Space analog
stations play an important role in simulating these conditions on Earth and generating valuable data for
future human space exploration. This research expands previous investigations conducted at the Habitat
Marte Space Analog Station in Brazil by presenting a longitudinal analysis of physical exercise protocols
and human performance indicators collected between 2021 and 2025. The initial phase of this research,
presented at the International Astronautical Congress in 2022, explored the implementation of workout
routines designed to simulate aspects of astronaut physical preparation and evaluated participants’ per-
ceptions of physical effort, well-being, and injury prevention during in-person analog missions. Since then,
Habitat Marte has continuously collected additional data from missions carried out in 2023, 2024, and
2025, significantly expanding the research dataset and enabling deeper analysis of the role of workouts in
analog astronaut preparation. The study examines pre-mission physical conditioning, in-mission workout
protocols, and post-mission perceptions of health, well-being, and performance. Data sources include sur-
veys, physical fitness assessments, and biometric indicators obtained from wearable technologies during
Extravehicular Activities (EVA) and Intravehicular Activities (IVA). Beyond physical fitness outcomes,
the research explores how structured exercise routines contribute to broader dimensions of human perfor-
mance in analog missions, including psychological resilience, team readiness, and operational safety. The
findings suggest that regular workouts play a strategic role not only in preventing injuries and improving
physiological readiness but also in supporting mental well-being and mission performance in simulated
space environments. By integrating multi-year data from a growing international community of analog
astronauts, this study contributes to the understanding of how physical training programs can support
the preparation of future astronauts and space participants. The results also highlight the relevance
of space analog stations as experimental environments for research on human performance, health, and
sustainability in extreme operational contexts.



