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Abstract

As the global space community looks toward Mars and beyond, the motto ”The World Needs More
Space” necessitates a fundamental shift in how we support the humans who will inhabit it. The COS-
MIC project (Companion System for Mission Interaction and Communication) pioneers an emotionally
intelligent AI framework designed to mitigate the profound psychological risks of long-duration missions:
extreme isolation, confinement, and the ”autonomy gap” created by communication delays. This paper
presents the architecture, deployment, and preliminary validation of a psychologically adaptive conversa-
tional agent tested in high-fidelity analog environments.

Purpose:

COSMIC is a transformative conversational Al platform designed to support the emotional well-being
of astronauts during long-duration, isolated missions. It merges state-of-the-art generative-Al, emotionally
expressive avatars, and modular tools (e.g. sentiment analysis, HRV monitoring) to deliver personalized,
psychologically adaptive interactions. Initially deployed at the LunAres Research Station in Poland,
COSMIC is undergoing a 12-month validation study with 60 analog astronauts. The project’s outcomes
are expected to generate over 250 hours of crew-Al interaction data and 5+ cross-disciplinary publications
by 2027.

Methodology:

COSMIC utilizes a multi-layered gateway architecture that orchestrates real-time communication be-
tween a high-fidelity avatar and an LLM. The system is engineered for deep personalization; it securely
logs interactions to maintain ”relational memory” while utilizing sentiment analysis to adapt its tone and
facial expressions to the user’s current emotional state. COSMIC engages with astronauts for 30 minutes
daily throughout the mission. The research employs a robust mixed-methods approach: ePsychological
Assessment: Longitudinal tracking of mental health markers pre-, during, and post-mission. eBiomet-
ric Integration: Correlating conversational sentiment with physiological stress indicators (HRV). eHRI
Evaluation: Measuring trust, empathy, and social presence through specialized Human-Robot Interaction
frameworks.

Preliminary Results:

Initial data analysis shows a temporal increase in interaction durations, which occurred alongside
reports of reduced perceived isolation among analog astronauts. Participants identified the system’s



consistent memory and personalized assistance as factors relevant to cognitive performance and emotional
regulation during high-stress mission phases.

Conclusion:

COSMIC represents a paradigm shift in Al-human interaction, integrating ethical personalization
with context-rich dialogue. By offering a scalable, emotionally responsive framework, it establishes a new
technical standard for crew support. Strategically positioned within a global space economy projected to
reach 1.8 trillion dollars by 2035, COSMIC is poised for cross-agency adoption as the essential interface
for the next era of space exploration.



