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Abstract

Planet operates the world’s largest Earth observation imaging constellation, with hundreds of satellite
currently in orbit, consisting of medium resolution SuperDoves and high resolution SkySats. Recently,
Planet expanded its fleet with next-generation satellites, with the Pelican and Tanager constellations,
equipped with low-thrust electric propulsion systems and stationed in very Low Earth Orbit (LEO).
In this highly perturbed dynamical environment, smallsats must continuously perform station-keeping,
regulatory compliance, collision avoidance, insertion, and transfer maneuvers, all while constrained by low-
thrust propulsion. As constellations expand, an autonomous and resilient management system becomes
essential for safety, regulatory adherence, and mission success.

This paper presents the Autonomous Constellation Architect (ACA), an operational tool designed
to strategically guide multiple smallsats toward their designated orbital regions. ACA acts as the high-
level controller of the Continuous Maneuver Automation System (CMAS) and Low-Thrust Campaign
Planner (LCP), which respectively handle long-term maneuver planning and short-term optimal maneuver
execution. Together, these tools form a comprehensive and autonomous constellation management system,
ensuring maneuver coordination under evolving or changing operational constraints.

ACA employs a novel hybrid-indirect targeting strategy, optimizing short-term controllable parame-
ters (semi-major axis, eccentricity, inclination) to induce the desired long-term evolution of slow-changing
Keplerian elements (RAAN/LTAN, argument of perigee). Instead of directly targeting these long-term
elements, which would introduce high-dimensional complexity and nonlinear gradient sensitivity in the
single-maneuver planning framework governed by LCP, ACA strategically modulates short-term devi-
ations, leveraging alternative optimal trajectories to achieve progressive constellation phasing. This is
realized through a weighted merit function which expands the immediate maneuvering objectives with
derivative-based smooth terms to induce the required secular evolution. It should be noted that the
implemented strategies can be used in both design and operational phases, leveraging a high-fidelity dy-
namical model incorporating n-body perturbations, atmospheric drag, high-order spherical harmonics,
time-dependent solid tides, and solar radiation pressure. In operations, ACA integrates a closed-loop
feedback mechanism, where CMAS and LCP detect infeasible strategies or deviations caused by external
events. ACA then analyzes bifurcation curves to determine whether to restore the original strategy or
compute an alternative maneuver campaign.

The proposed framework results in a robust, event-resilient tool capable of autonomously managing
large-scale smallsat constellations while accounting for real-world high-fidelity perturbations.



