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Today, with the increasing use of quadrotors in various missions, employing an efficient and effective control system
has become essential. The aim of this research is to design an intelligent controller capable of achieving accurate
trajectory tracking of a quadrotor in environments with varying wind conditions. To this end, the dynamic modeling of
the quadrotor was first carried out. Wind modeling was also implemented by adding horizontal wind acceleration to
the translational dynamic equations of the vehicle.

Next, to ensure precise position and attitude control of the quadrotor in the presence of wind disturbances, a hybrid
control framework was designed, consisting of a baseline proportional-integral-derivative (PID) controller, a
reinforcement learning—based gain tuner, and a disturbance observer along with its compensator. For adaptive tuning
of the PID gains during trajectory tracking, the DDPG and TD3 reinforcement learning algorithms were utilized. To
estimate wind intensity, an inverse dynamic model was employed as the observer. Furthermore, a feedforward
compensation algorithm was developed to adjust the reference roll and pitch angles. By correcting the roll and pitch
angles, the compensator also reduced position deviations along the x and y axes.

Finally, to evaluate the performance of the control framework, various experiments were conducted under no-wind
conditions and under different wind intensities across multiple trajectories. The simulation results indicated that in
environments with varying wind, adding the observer and compensator to a fixed-gain PID controller reduced the
tracking error by 15% compared to the standalone PID controller. Additionally, PID control with reinforcement
learning—based gain tuning, combined with the observer and compensator, reduced tracking error by 25% compared to
the fixed-gain case. In the lemniscate trajectory, the DDPG algorithm performed 10% better than TD3; in the circular
trajectory, the TD3 algorithm performed 5% better than DDPG; and in spiral trajectories, DDPG outperformed TD3 by
20%.
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Unit Value Symbol
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256 steps used in the update process
256 Batch size

[64,64] layers of the actor and critic networks
tanh Activation function

0.0001 Learning rate
8500 Total number of training steps
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