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Real-time Optimal Initialization and Maintenance of
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 The shift to distributed systems: Emerging missions (interferometry, in-orbit servicing, Earth observation, asteroid formation
flying) demand multi-agent formations, rendering traditional ground-in-the-loop control unscalable and cost-prohibitive.

« The need for autonomy: Managing a distributed fleet under strict relative-motion constraints and dynamic perturbations
drives system complexity, demanding onboard autonomy for safe close-proximity operations.

 Optimizing Guidance & Control: We focus on guidance and control optimization for formation initialization and maintenance,
enabling spacecraft to compute precise, fuel(time)-optimal, collision-free trajectories autonomously in real-time.

Formation Flying
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State of the Art

« Cartesian state vector:  Relative Orbital Elements [2]: Framework for guidance strategies and impulsive
Linearization of exact non-linear equations into the Hill- maneuvering, as well as passive safety and collision avoidance. Less effective to
Clohessy-Wiltshire eqs. for near-circular orbits or the manage position constraints through the optimization process.

Tschauner-Hempel eqgs. for eccentric orbits. State
Transition Matrice (STM) solutions for perturbed or <« Indirect methods: Calculus of variations to convert the Optimal Control Problem
eccentric orbits. iInto a Two-Point Boundary Value Problem (TPVBP). Necessary conditions for
Simple, fast convergence for short-term control. optimal guidance and control. Initial guess sensitivity, convergence not guaranteed.
Accuracy degrades with time and large relative distances.

« Model Predictive Control: Relies on dynamics models of the process, then

« Relative Orbital Elements: repeatedly optimizes over a receding forward-looking time horizon. Real-time

Non-linear differences in orbital elements for advanced enforcement of constraints and perturbations. High computation in nonlinear cases.

analytical propagation. Closed-form STM  with

perturbations for long-term modeling. « G&C Neural Networks [3]: Offline learning, enabling real-time onboard execution.

Valid for large separations and eccentric orbits; excellent Backward Generation of Optimal Examples to generate a huge optimal state-G&C

geometric insight for formation design. commands dataset. “Black box” lacking safety and stability guarantees.

Complex Cartesian mapping for sensors, equatorial

singularities and linearization errors. « Convex Programming: Reformulates non-linear trajectory optimization into convex
subproblems. Fast convergence for real-time onboard execution. Linearization gaps

« Mean Orbital Elements: and artificial infeasibllity.

Filters out short-period periodic oscillations to isolate long-
term secular drift and evolution, modeled through Gauss's ¢ Dynamic Programming: Bellman Principle of Optimality. Multi-stage subproblems

Variational Equations. STMs solutions for perturbed and/or to systematically compute globally optimal control policies. Complex implementation,
eccentric orbits. relaxation needed for high-dimensional state spaces.

Large step sizes and high stability for long-duration

convergence. « Control Lyapunov Functions / Control Barrier Functions: CLF provide certifiably
Unsuitable for precise, instantaneous collision avoidance stable optimal guidance, while CBF enforce forward invariance of safe sets with
or high-frequency control. minimal control (safety filter). Difficult to build proper functions for complex systems.

Preliminary Research

Optimal interplanetary transfer in the Sun-MEMB (Mean Earth-Moon Barycenter) rotating frame

The LISA mission consists of three spacecraft flying in a massive, Earth- 107 |
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Our approach for Solar Electric Propulsion (SEP) transfer optimization: o-
 Indirect method with real ephemeris and mission parameters. A
 TPBVP Single Shooting method with MATLAB's fsolve. Ce ! Arrival @ 17-May-2035 12:00
« Dual Homotopy to ensure solver convergence [5]: o 05 e Fixed TOF = 470.00 days
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