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Flight Dynamics Modeling and Graph Neural Network-Based Robust Attitude
Control for Unpowered Gliding Airdrop Unmanned Aerial Vehicles

WANG Zhenwei, GUO Jie"
(Engineering University of PAP, Xi’an 710086, China)

ABSTRACT: To address the problems of insufficient robustness and inadequate suppression of multi-channel coupling in
the attitude control of unpowered gliding airdrop unmanned aerial vehicles (UAVs) operating under complex conditions, a
robust attitude control method based on a graph neural network was proposed, beginning with the formulation of a flight
dynamics model. First, a six-degree-of-freedom rigid-body flight dynamics model was developed, within which the atti-
tude tracking error was defined, and three categories of performance indices were established: dynamic response, steady-
state accuracy, and robustness. Second, based on the relationships among attitude kinematics, rotational dynamics. and
aerodynamic coupling, the attitude angles, angular velocities, and control torques were represented as a directed graph.
Node and edge features were then designed to characterize the intrinsic physical correlation and time-varying coupling inter-
actions among these variables. Finally, an end-to-end graph-attention control network was developed, embedding a Lya-
punov-function decrease constraint into the training loss and enforcing dual constraints on control amplitude and rate of
change. Simulations under multiple operating conditions were performed using the JSBSim high-fidelity flight dynamics
platform. The results show that the 10° pitch step response achieves a rise time of 0. 72 s and an overshoot of 7. 2%,
while the three-axis steady-state errors remain within 0, 14°. Under aerodynamic parameter deviations of +=20% , the sta-
bility rates of the three-axis channels range from 97 % to 99%. Under a 12 m/s gust disturbance, the maximum yaw-an-
gle deviation reaches 10. 3°, with a recovery time of 3.0 s, and the maximum rudder deflection is 16. 8°, remaining within
the prescribed physical limit. During 300 s of moderate turbulence, the root mean square values of three-axis attitude-
holding errors remain below 0. 85°, with no cumulative drift observed. Compared with PID, sliding-mode, active-disturb-
ance-rejection, and model-predictive control, the proposed method delivers superior overall performance in terms of re-
sponse speed, overshoot suppression, and robustness under complex conditions, satisfying the attitude control require-
ments of unpowered gliding airdrop UAVs.
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