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This study demonstrates how neural networks can be used to approximate optimal 

trajectories traditionally generated by computationally intensive optimal-control solvers.

In supervised learning, optimal trajectories are first generated offline and then used to train 

a neural network. The trained network learns to imitate the optimal control commands and 

is subsequently embedded in a simulation. This approach significantly reduces online 

computational requirements while retaining near-optimal performance. 

Reinforcement learning, in contrast, trains an agent through interaction with a dynamical 

environment. The agent receives observations, selects control actions, and evaluates their 

consequences through a reward function. One of the earliest and best-known methods of 

this type is Q-learning, a reinforcement-learning algorithm that learns the expected 

cumulative reward 𝑄 𝑠 𝑎  associated with taking action 𝑎 in state 𝑠. 

In recent years, a variety of methods have been developed based on this general concept. 

Proximal Policy Optimization (PPO), for example, is an actor-critic reinforcement-learning 

method that improves a parameterized control policy while limiting excessive changes 

between consecutive policy updates. This study demonstrates the application of PPO to 

trajectory optimization.

Simulation results show that the machine-learning-guided trajectories closely follow the 

optimal solutions under varying initial conditions, demonstrating both robustness and 

adaptability.
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