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Abstract
Accurate positional estimation is an essential prerequisite for the regular operation of an autonomous rotary-wing
Unmanned Aerial Vehicles (UAV). However, the field of view (FOV) limitation problem of lidar makes it more chal-
lenging to locate the rotary-wing UAV in an unknown environment. To address rotor drones with an insufficient FOV
and the observation blindness of lidar in complex environments, this paper designs a rotorcraft UAV system based
on rotating 3D lidar and proposes a simultaneous localization and mapping algorithm for rotating 3D lidar. The al-
gorithm distinguishes between planar and edge features based on the curvature value of the point cloud first. Then,
to reduce the impact caused by the UAV motion and lidar rotation, messages about the Inertial Measurement Unit
(IMU) and real-time rotation angles are used to compensate for these motions twice, while the IMU measurements
are used for state prediction, and the error-sate iterative extended Kalman filter is used to update the residuals after
matching line and surface features with sub-map. Finally, Smoother high-rate odometer data was obtained through
IMU pre-integration and a first-order low-pass filter. The experimental results show that the proposed rotating lidar
unit in indoor and outdoor conditions makes the rotorcraft UAV have a larger FOV, which not only improves the en-
vironmental perception capability and positional estimation accuracy of the rotorcraft but enhances the positioning
reliability and flight stability of the rotorcraft UAV in complex environments.
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