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Flight Trajectory Control Method for Small UAVs Based on
Monte Carlo Method
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Abstract: Small unmanned aerial vehicles (UAVs) are affected by the random distribution of obstacles and uncertain
wind speed disturbances in complex low-altitude environments, while traditional deterministic models make it difficult to
quantify dynamic risk fields, causing candidate trajectories to easily fall into local optima, and it is inconvenient for real-time
updates of drone’s state, environmental models. and control strategies, ultimately leading to deviations between actual
flight paths and candidate trajectories. Therefore, a flight trajectory control method for small UAVs based on the Monte
Carlo method is proposed, with an environmental risk field model constructed, including an obstacle position submodel and a
wind speed disturbance submodel, which quantitatively characterizes dynamic risks by initializing a state vector probability
density function. The Markov Chain Monte Carlo (MCMC) method is used to generate the candidate trajectories, with a dy-
namically adjustable sampling density strategy employed to balance exploration efficiency and computational cost, thereby
forming a trajectory solution set that complies with dynamic constraints. A Bayesian optimization framework and Gaussian
process surrogate models and Monte Carlo integration are used to evaluate the comprehensive cost of trajectories and achieve
optimal trajectory selection under multi-objective optimization. By combining sliding window optimization techniques with the
Monte Carlo method, the drone’s state, environmental model, and control strategies are updated in real time, which adapts
to changes in uncertainties, thus effectively control the flight trajectory of small UAVs. Experimental results indicate that,
after applying the proposed method, the candidate trajectory generated by the quadrotor small UAV is consistent with the
actual candidate trajectory, and the determined optimal trajectory for the quadrotor small UAV matches the actual optimal
trajectory. The control perturbation variance and the minimum expected cost are 0. 2 and 10, respectively.
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