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Distributed fault-tolerant formation control of quadrotor UAVs with
unknown parameters
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(1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 210044, China;
2. Collaborative Innovation Center on Atmospheric Environment and Equipment Technology, Nanjing 210044,
China)

Abstract: This paper investigates the formation control problem of quadrotor unmanned aerial vehicles (UAVs) subject
to completely unknown leader dynamics, parametric uncertainties and external disturbances in followers, as well as
potential communication link faults. A fault-tolerant formation control algorithm based on a distributed adaptive
observer is proposed. First, a UAV dynamic model incorporating aerodynamic damping is established. To address the
challenge that the leader’s system matrix is unmeasurable to all followers, a distributed parameter estimation method is
developed, enabling each follower to online identify the leader’s dynamic characteristics using only local neighborhood
information. Based on this, under the virtual leader-follower topology and considering the constraint that some
followers cannot directly access the virtual leader’s states, local interaction information from neighboring UAVs is
introduced to construct a distributed virtual leader state observer. This observer ensures accurate estimation of the
leader state even in the presence of communication link faults. Subsequently, an adaptive fault-tolerant formation
controller is designed via the backstepping technique to compensate for system uncertainties and guarantee formation
tracking performance. Finally, simulation results demonstrate the robustness and fault tolerance of the proposed
distributed observer and controller under the dual constraints of unknown system matrices and topological faults.
Keywords: quadrotor UAV; distributed control; communication link failure; fault-tolerant formation tracking;
unknown parameters; adaptive control
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