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Abstract

The rapid expansion of satellite constellations, particularly in low Earth orbit (LEO), has increased
the scope of services like communications, Earth observation, and navigation. However, this growth also
raises concerns about satellite collisions and the accumulation of space debris, which pose significant risks
to active satellites and the sustainability of space operations. This study aims to develop an optimiza-
tion framework for satellite constellation design that minimizes collision risks while meeting operational
requirements such as coverage, communication, and data collection. The objective is to create a program
that optimizes satellite layouts by considering key orbital parameters, such as altitude, inclination, and
eccentricity, along with mission-specific needs. The framework will maximize coverage and performance
while addressing challenges posed by space debris and stray satellites, which can disrupt otherwise opti-
mal configurations. By tracking satellite orbits and debris trajectories, the system will dynamically adjust
satellite positions and trajectories to reduce collision risks. A key aspect of this research is identifying
high-risk regions in orbital space where the probability of collisions is higher due to debris fields, dense
satellite traffic, or proximity to other constellations. The framework will avoid these areas by proposing
alternative orbital slots or maneuvers. Advanced optimization techniques, including genetic algorithms,
reinforcement learning, and multi-objective optimization, will be used to balance coverage with collision
avoidance. This approach not only improves satellite safety but also supports long-term sustainability
by minimizing the impact of space debris. By integrating real-time collision risk assessments with con-
stellation optimization, the framework offers a practical solution for managing satellite constellations in
increasingly crowded orbits, promoting more sustainable space operations. In summary, this research
provides a novel methodology for optimizing satellite constellations in dynamic orbital environments,
combining efficiency with real-time risk mitigation to address the challenges of satellite management in
congested space.
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