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Abstract

As humanity advances toward long-term habitation on extraterrestrial bodies, space habitats must be
designed to adapt to extreme and unpredictable environmental conditions. This research introduces an
AI-driven generative design system that autonomously creates, evaluates, and refines architectural solu-
tions for sustainable extraterrestrial living. Using deep learning and evolutionary algorithms, our system
analyzes factors such as radiation shielding, structural load distribution under reduced gravity, and ther-
mal insulation in vacuum environments. The real-time simulation and optimization process—powered by
Blender and Unreal Engine—allows for iterative refinement of habitats that maximize resource efficiency
while maintaining crew safety and comfort. The research explores self-healing structures, modular designs
that expand based on mission needs, and AI-enhanced material selection based on in-situ resource utiliza-
tion (ISRU). By leveraging procedural simulation, stress-testing methodologies, and real-time adaptability,
this study lays the foundation for self-sufficient, AI-evolved habitats capable of long-term autonomy on
the Moon, Mars, and beyond.
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