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Flight-Data-Driven Identification of Nonlinear Helicopter Dynamics Using Q-Learning
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Abstract

In this paper, offline time-domain identification of the helicopter roll-rate dynamics is performed using flight-test data and a Q-
learning algorithm.. The main objective of this study is to develop an intelligent and self-learning approach for the open-loop
identification of helicopter dynamic behavior based on sweep-frequency excitation inputs. For this purpose, the Q-learning algorithm
is employed to learn and optimize the system model. First, flight data obtained under sweep-frequency excitation, including the
system inputs and corresponding outputs, are collected. The dynamic model of the system is then estimated using the proposed
algorithm and its response is compared with the measured flight data. The proposed method is subsequently validated using two
datasets obtained under sweep-frequency and doublet excitations. In addition, its performance is evaluated against classical and
related reinforcement learning-based identification methods, including LS, MLP, KF, SINDYc, and SARSA. The results
demonstrate high accuracy and good adaptability of the proposed approach in simulating helicopter behavior. Validation using
flight-test data from different flight events shows that the proposed method can effectively identify nonlinear variations and
complexities in the helicopter dynamics and can serve as a useful tool for the design and optimization of controllers for complex
systems.

Keywords: System identification, helicopter, Q-learning, reinforcement learning, flight data, sweep-frequency input
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