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Real-time pose estimation of underground unmanned aerial vehicle based on ICP method

WANG Yan'?, MA Hongwei"?, WANG Xing®, YANG Lin"*
(1.College of Mechanical Engineering, Xian University of Science and Technology, Xian 710054, China;
2.Shaanxi Key Laboratory of Mine Electromechanical Equipment Intelligent Monitoring,
Xian 710054, China; 3.China Coal Energy Research Institute Co., Ltd., Xian 710054, China)

Abstract: In view of characteristics of no GPS signal, low illumination and structured environment in
coal mine, a real-time pose estimation method for underground unmanned aerial vehicle (UAV) based on
iterative closest point (ICP) was proposed. By establishing quadrotor UAV motion model and airborne
laser radar observation model, the problem of position estimation of underground quadrotor UAV is
converted into scanning matching problem of airborne laser point cloud data. 3D laser radar is used as
airborne environment measurement sensor of quadrotor UAV, and observation point cloud data in current
position of the UAV is obtained. Taking the first frame position as initial position, relative transformation
matrix between two consecutive points of point cloud data is obtained by ICP method, and the continuous
key frame point cloud data is solved iteratively to obtain the real-time pose estimation result of quadrotor
UAYV in underground coal mine. Filtering and downsampling methods are used to optimize point cloud
data, and the solution of transformation matrix is accelerated to meet the real-time requirements of position
estimation of quadrotor UAV. The experimental results show that the ICP-based real-time pose estimation
method for underground UAYV can quickly and effectively solve the pose of quadrotor UAV, and compared

with normal distribution transform method, the ICP method is more suitable for real-time pose estimation
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of quadrotor UAV in underground coal mine.

Key words: underground quadrotor UAV; pose estimation; iterative nearest point; 3D laser radar;

point cloud data; transformation matrix
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Fig. 1 Quadcopter UAV coordinate and lidar coordinate
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Fig.2 Pose change of quadrotor UAV
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Table 1 Average time consuming of pose calculation
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