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ROBOTICS FOR THE NEXT FRONTIER: ADDRESSING IN-SITU CELESTIAL BODY
EXPLORATION THROUGH COLLABORATIVE INNOVATION

Abstract

Recent discoveries have shown extremely valuable scientific potential, e.g., Venus radar reanalysis
suggests vast cave systems beneath volcanic regions (NASA, 2026). In 2010, images of the Moon from
the Lunar Reconnaissance Orbiter were used by a group of researchers to determine an accessible cave
conduit in the Moon’s subsurface tunnels at the Mare Tranquillitatis pit (MIP), capable of shielding
from hazardous conditions, with a skylight opening visible from orbit (Nature, 2026). Mars’s known ice
deposits are imperative case studies for the forthcoming establishment of settlements and colonization
plans, such as SpaceX’s Mars colonization program. In addition, many more cases, such as Europa and
other icy moons, are attractive for in situ exploration, pointing towards space robotics.

However, current constraints and unexplored fields remain for space robotics on external celestial
bodies. This paper is a methodical approach to addressing the most valuable celestial body explorations
through space robotics.

This paper establishes the foundational framework for future in situ exploration of celestial bodies,
working within current technological constraints while remaining open to forthcoming breakthroughs. It
is conceived as a collaborative platform for experts across the space sector, ensuring the integration of
remarkable insights, methodologies, and approaches into mission planning within the specialized domain
of space robotics.

Ultimately, this work represents the beginning of a series of texts dedicated to the exploration of
scientifically valuable celestial bodies. It provides a structured pathway for future missions and stands as
a collaborative contribution to the common interest of advancing space robotics for generations to come.



