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AI-BASED SPACE TRAJECTORY OPTIMIZATION SYSTEM

Abstract

Interplanetary trajectory planning needs meticulous design, fuel-optimal optimization, and real-time
decision-making for mission success. Traditional well-developed algorithms employed by NASA, including
Copernicus Trajectory Design, Porkchop Plot Analysis, the Legendre Pseudospectral Method (LPM),
and Aerobraking Control Algorithms, are efficient solutions but tend to be computationally intensive
and manually tuned. To increase the effectiveness and flexibility of Mars mission planning, this study
proposes an artificial intelligence-based trajectory optimization framework with a combination of machine
learning, reinforcement learning, and evolutionary algorithms for continuous evaluation and refinement of
spaceflight trajectories on a daily basis.

The system is composed of three essential parts:
Data Collection Module, which gathers real-time orbital information from NASA’s JPL Horizons

API, space weather, and mission constraints. Trajectory Evaluation Engine, which runs and compares
NASA’s conventional trajectory algorithms with quantum-inspired optimization techniques for greater
computational efficiency. AI Decision-Making Layer, which employs Reinforcement Learning (Deep Q-
Networks, PPO, A3C), Genetic Algorithms, and Neural Networks to continuously examine and optimize
the optimal route alternatives based on fuel efficiency, travel time, and environmental factors. Through
daily processing, comparison, and optimization of flight trajectories, this system enables real-time adaptive
correction, autonomous mission planning, and fuel-optimal navigation strategies. Not only will the AI
model proposed reduce mission cost and risk, but it will also accelerate interplanetary travel decision-
making, paving the way for autonomous AI-augmented deep-space exploration beyond Mars.
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