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Abstract

In the harsh environment of Low Earth Orbit, particularly between altitudes 200 to 700km, spacecraft
are subjected to a multitude of degrading factors. Among these, atomic oxygen (ATOX) stands out
as a significant threat. Formed by the photodissociation of diatomic oxygen by short-wavelength solar
radiation, ATOX is highly reactive and can erode spacecraft materials, leading to degradation of optical,
thermal, electrical, and mechanical properties. This erosion is further exacerbated by synergistic inter-
actions with ultraviolet radiation, ionizing radiation, ultrahigh vacuum, charged particles, and thermal
cycling. Mitigation strategies have focused on passive protective measures, such as material coatings and
shielding. While these methods offer some defense, they often fall short during extended missions, as
they do not provide real-time monitoring or adaptive responses to ongoing ATOX-induced degradation.
MISSE has provided valuable data on material degradation in space, but the need for active monitoring
and control mechanisms remains unmet. This research proposes an innovative approach to address this
gap by integrating infrared imaging sen- sors into satellite subsystems. Infrared sensing is particularly
suited for detecting the thermal signatures associated with ATOX interactions on material surfaces. By
equipping low-facet satellite structures with IR sensors, it becomes possible to monitor ATOX-induced
erosion in real-time. This setup allows for the detection of hotspots or areas experiencing accelerated
degradation, enabling timely interventions. The integration of avionics-driven subsystems with these
IR sensors facilitates an adaptive response mechanism. Upon detecting areas of concern, the system
can adjust protective measures, such as reorienting the spacecraft to minimize exposure. This dynamic
approach not only enhances material resilience but also ensures the optimal functionality of the satellite
throughout its mission duration. A significant challenge in current satellite design is the absence of such
integrated solutions that combine structural materials, real-time sensor feedback, and active protection
mechanisms. Our study addresses this by investigating subsystem architectures that actively counter
ATOX effects. We analyze historical mission data to refine our approach, focusing on spacecraft deployed
in highly trafficked orbits where ATOX exposure is most severe. The proposed methodology aims to
extend satellite lifetimes and optimize spacecraft operation in harsh orbital environments. By bridging
the gap between passive shielding and active ATOX mitigation, we contribute to the evolution of spacecraft
durability and reliability in an era of increasing space activity. This research has significant implications
for satellite technology, including Earth observation, telecommunications, and scientific missions, ensuring
long-term sustainability in LEO.



