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Abstract

The rapid increase of debris density in Low Earth Orbit (LEO) has intensified collision risk and
strengthened regulatory pressure for accelerated post-mission disposal. While recent Active Debris Re-
moval (ADR) missions have demonstrated capture feasibility, most implementations remain single-target
operations, limiting scalability and cost efficiency. As densely populated altitude bands continue to grow,
multi-target removal architectures become increasingly relevant.

This study proposes a swarm-based modular ADR concept composed of an electrically propelled
mothership and multiple micro de-orbit units. The mothership performs propellant-efficient inter-target
transfers using high specific impulse electric propulsion, while micro units execute terminal autonomous
rendezvous and proximity operations before deploying passive drag-based de-orbit devices. By separating
orbital logistics from terminal capture activities, the architecture distributes mission risk and enables
sequential engagement of multiple debris objects within a single campaign.

The proposed Minimum Viable Product focuses on 10–200,kg debris objects located in the 500–800,km
altitude range, where natural decay times can extend beyond acceptable mitigation limits. Target filtering
prioritizes low-tumbling objects within similar orbital planes to reduce cumulative ∆V expenditure. A
preliminary mission-level trade framework evaluates multi-target sequencing, propulsion allocation, and
operational constraints under electric propulsion assumptions.

De-orbit performance is assessed through scaling relations between drag sail surface area and ballistic
coefficient. Flight heritage from small satellite drag augmentation missions demonstrates rapid decay at
lower altitudes, while higher regimes may require hybrid strategies combining limited perigee reduction
with passive drag enhancement to approach emerging sub-5-year disposal benchmarks.

Autonomous proximity operations rely on onboard sensor fusion integrating monocular vision-based
pose estimation with inertial measurements, reducing dependency on ground tracking during terminal
phases.

This work presents a systems-level student-led investigation of scalable multi-target ADR architectures
aligned with contemporary sustainability and mitigation objectives.

1

Paper ID: 111105
student


