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END-TO-END TRAJECTORY OPTIMIZATION AND MISSION DESIGN FOR AUTONOMOUS
PRECISION LUNAR LANDING

Abstract

This paper presents a comprehensive mission architecture for an autonomous lunar lander, encom-
passing the entire flight profile from Earth-based launch to a high-precision soft touchdown. The study
focuses on the seamless integration of three primary mission phases: the Trans-Lunar transit, lunar orbit
acquisition, and the multi-stage powered descent.

The trajectory design is developed to navigate the complex gravitational environment of the Earth-
Moon system while prioritizing propellant efficiency and structural safety. Starting from a Low Earth
Orbit (LEO), the mission utilizes a strategic Trans-Lunar Injection (TLI) to achieve an optimal transfer
path. Upon arrival at the lunar Sphere of Influence (SOI), the architecture ensures a stable transition
into a polar parking orbit, which serves as the critical staging point for the descent.

The core contribution of this work is the formulation of a robust descent strategy that manages the
transition from orbital velocities to a controlled vertical landing. The design addresses stringent opera-
tional constraints, including terrain-relative navigation requirements and fuel mass fractions, specifically
tailored for the challenging illumination and topographical conditions of the lunar South Pole. Simulation
results validate that the proposed integrated framework achieves high landing accuracy and maintains
sufficient safety margins, providing a scalable and reliable baseline for the next generation of autonomous
lunar exploration.
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