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WITH AN EMBEDDED RELU NEURAL LAMBERT SURROGATE

Abstract

Designing multi-moon tours in the Saturnian system is a central challenge in fuel-efficient mission
planning, since sequences of satellite flybys can significantly enhance scientific return while reducing
fuel cost through gravity assists. The difficulty of this problem lies in the strong coupling between
discrete decisions, including the order of moon encounters and resonance selection, and continuous design
variables, including time of flight and encounter geometry. As a result, moon-tour design leads to a large-
scale and highly nonconvex optimization problem. Existing approaches, such as evolutionary algorithms,
reinforcement learning, dynamic programming, and beam search, can often identify promising solutions,
but they generally do not provide guarantees of global optimality.

This paper proposes a mixed-integer linear programming framework for the global optimization of
Saturnian moon tours within a simplified dynamical model, while also providing a systematic bridge to
subsequent high-fidelity trajectory design. The proposed formulation treats moon-sequence selection and
key continuous trajectory parameters within a single optimization framework, enabling direct trade studies
among mission objectives including total delta-V, total flight time, and mission-value-related performance.

A principal contribution of this work is the incorporation of inter-moon transfer dynamics through a
Lambert mapping surrogate represented by a ReLU neural network. Since ReLU networks are piecewise
linear, the trained surrogate can be embedded exactly into a mixed-integer linear program through linear
constraints and binary activation variables. This formulation preserves the linear structure of the opti-
mization problem while capturing complex transfer behavior, thereby enabling simultaneous exploration
of discrete design choices and continuous trajectory parameters with an explicit optimality guarantee in
the simplified model.

The paper presents the complete formulation, discusses neural-network construction and constraint
design suitable for MILP-based trajectory optimization, and demonstrates the design of Saturnian moon
tours under representative mission settings. Particular attention is given to the optimality gap between
the best feasible solution and the global optimum bound, since this quantity provides a rigorous measure of
the remaining room for improvement and a principled basis for solution assessment. The results indicate
that the proposed framework can generate feasible and mission-relevant moon tours while offering a
transparent and quantitative measure of solution quality.



