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Abstract

Strategic decision-making in space situational awareness (SSA) requires modeling adversarial interac-
tions under uncertainty, particularly in the dynamically evolving cislunar regime. This paper formulates
a game-theoretic approach for SSA architecture deployment with a focus on the L3, L4, and L5 Lagrange
points of the Earth-Moon system, where competing teams maneuver assets to optimize detection, identifi-
cation, and tracking while minimizing exposure to adversarial observation. Using a two-player adversarial
model, we simulate interactions among heterogeneous spacecraft—Watchers, Seekers, and Voyagers—each
with distinct sensing, maneuvering, and mission capabilities. The game’s objective is to maximize obser-
vational coverage and characterization within a constrained resource budget.

Unlike L1 and L2, which support operations near the Moon, 1.3, L4, and L5 occupy a distinct dynamical
regime. The L3 Lagrange point is about 450,000 km from Earth ( 58 GEO altitude), while L4 and L5,
at about 384,000 km ( 6 GEO altitude), form an equilateral triangle with the Earth and Moon. The L4
and L5 points are stable under small perturbations, reducing station-keeping costs, but their large Earth
distances result in longer transfer times, complicating maneuver planning and sensor tasking. Additionally,
these locations enable seamless integration with existing GEO architectures, linking Earth-orbiting assets
with cislunar operations. Their unique dynamical properties require specialized operational strategies,
addressed here through Bayesian game theory and optimized impulsive maneuver transfers.

Unlike classical game models assuming complete information, Bayesian games account for private
information regarding asset capabilities. Each player is characterized by a type, determining strategies
and payoffs, with beliefs updated via Bayes’ rule. The Bayesian Nash Equilibrium (BNE) is defined
as a strategy profile where each player maximizes expected utility given their beliefs about opponents’
strategies.

This analysis is conducted using the circular restricted three-body problem (CR3BP), which provides
an effective first-order approximation of cislunar trajectory dynamics. While full-body ephemeris sim-
ulations may be necessary for operational implementation, CR3BP captures the essential behaviors for
strategic decision-making. Using impulsive-maneuver transfers, we explore optimal strategies for transi-
tioning across stable periodic orbits while minimizing cost and maximizing coverage.

This paper demonstrates the tractability of Bayesian game theory for space domain awareness, offering
scalable solutions compared to classical models. The results provide insights into optimal satellite deploy-
ment, trade-offs between observation and evasion, and resilient SSA architectures for cislunar operations.
We conduct sensitivity analyses on cost constraints and examine how variations in asset capabilities—such
as sensor range, maneuverability, and propulsion efficiency—impact overall architecture effectiveness, in-
forming long-term SSA planning



