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Abstract

The Lunar Environmental Exploration and Analysis System (LEEAS) presents a groundbreaking ap-
proach to studying the Moon’s surface and atmosphere through a compact, multi-functional MEMS-based
instrumentation suite. This portable, automatic platform is designed to detect and analyze gaseous com-
position and regolith metals critical for future lunar missions and settlements. It includes a MEMS ion
mass spectrometer, a MEMS X-ray fluorescence (XRF) analyzer, and a dusty plasma radio analyzer,
all integrated into a hermetic, thermally stabilized package. As lunar exploration advances, understand-
ing surface ionization becomes essential, especially in the context of establishing sustainable habitats.
The Moon’s sparse atmosphere exposes its surface to cosmic radiation, necessitating effective shielding
strategies for future structures and inhabitants. The LEEAS aims to provide vital data on atmospheric
composition, aiding in the development of thermal regulation systems and life support infrastructure for
lunar colonies. The MEMS ion mass spectrometer, notable for its small form factor, features advanced
capabilities including a high vacuum pump and a range of ion detection from 1-400 Da. It employs laser
ablation techniques to analyze solid samples and gases, providing real-time or request-based data process-
ing. Complementing this, the MEMS XRF enables elemental analysis of regolith materials, enhancing
our understanding of lunar resource potential. Furthermore, the dusty plasma analyzer assesses elec-
tric field dynamics and electron density, offering insights into plasma behavior in the lunar environment.
This component enhances our comprehension of the charged dust’s role in the lunar ionosphere and its
interactions with lunar surface electromagnetic processes. Current development status shows that the
MEMS ion mass spectrometer has reached TRL 4/5, while the wave radio analyzer RFA, tested in past
missions, has exceeded TRL 9. The MEMS XRF is progressing towards TRL 3, with preliminary results
on regolith simulants proving promising. This innovative instrumentation suite represents a crucial step
towards preparing for sustainable human activities on the Moon. By leveraging advanced technologies
and methodologies, the LEEAS will enrich scientific understanding of the lunar environment, supporting
both resource identification and the establishment of habitable conditions for future lunar colonists.



