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The increasing use of Low-Earth Orbit (LEO) for space activities is progressively constrained by the growing demand for
orbital sustainability, aimed at maintaining the cleanliness of near-Earth space from artificial debris. Moreover, the
traditional “end-of-life” component philosophy exposes spacecraft to loss-of-function and potential failure propagation,
threatening mission success if premature degradation occurs. Consequently, designers are often forced to over-engineer
satellites, relying on physical redundancy, complex FDIR algorithms, and often non-standardized ground troubleshooting
procedures — approaches that frequently lead to suboptimal resource allocation.

One of the most powerful tools available to designers and operators to achieve this goal lies in the implementation of a
tailored maintenance optimization strategy, but the current technological gap that prevents direct access to in-orbit
systems remains the main inhibitor of In-Orbit Maintenance.

To solve the latter limitations, telemetry data from onboard sensors contain both analog and digital indicators of
component's behavior, from which health information can be extracted through physical modeling and data-driven
interpretation.

Using a representative, collaborative, and attitude-stable small satellite baselines (for both serviced and servicing
spacecraft) and historical reliability data for benchmarking, this study explores how different maintenance strategies -
ranging from corrective actions and inspections to more complex telemetry-based approaches - reflect positively to the
dependability of the serviced satellite. The research includes post-processing of the simulated maintenance interventions,
evaluating the beneficial effects in terms of dependability indicators and sensitivity studies on various relevant
maintenance parameters (e.g. duration, frequency, and success of the intervention).

Results demonstrate that predictive, telemetry-driven maintenance offers the best tangible improvements in satellite
availability and earlier failure detection, hence improving confidence in mission lifetime extension. Finally based on the
results emerged, future perspectives, research extensions and application to further space systems is discussed
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