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Abstract

In recent decades, the development of advanced materials has become a critical factor in aerospace
applications, particularly for missions operating under the extreme environmental conditions of Mars.
The thermal performance of these materials strongly depends on their emissivity, a radiative property
that governs heat exchange through thermal radiation, surface energy balance, and temperature regula-
tion under low atmospheric pressure and large diurnal temperature variations. However, current methods
used to estimate emissivity rely primarily on isolated experimental measurements or material-specific
models, without incorporating predictive frameworks capable of generalizing across large thermophysical
material datasets. The proposed solution consists of a machine learning (ML)–based predictive archi-
tecture designed to estimate the emissivity of aerospace-relevant materials, including metals, ceramics,
polymers, fiber-reinforced composites, and ablative thermal protection materials under conditions relevant
to the Martian environment. The system utilizes thermophysical datasets obtained from public materials
databases, which are curated, standardized, and segmented to extract descriptors related to chemical com-
position, surface morphology, oxidation state, microstructure, porosity, and temperature-dependent radia-
tive behavior. The predictive framework employs ML regression algorithms including gradient boosting,
random forests, and physics-informed variants that incorporate constraints related to emissivity bounds,
spectral behavior, and thermodynamic consistency. These models are trained to capture relationships
between material descriptors and emissivity variations across temperature ranges relevant to Mars sur-
face operations. Preliminary results obtained through cross-validation and independent material-category
testing indicate that the approach successfully captures physically consistent trends and produces reliable
predictions for material compositions not included during training. Nevertheless, further experimental
validation under simulated Martian environmental conditions remains necessary. This research represents
a step toward integrating machine learning methods into the prediction of radiative thermophysical prop-
erties of aerospace materials, providing a reproducible framework for early-stage material screening and
the optimization of experimental testing strategies for future Mars exploration missions.
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