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Study on tightly coupled LiDAR-Inertial SLAM for open pit coal mine environment

MA Baoliang, CUI Lizhen, LI Minchao, ZHANG Qingyu
(School of Information Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: With the rapid development of artificial intelligence and unmanned and other related disciplines, the intelligence and unmanned
of coal mining equipment has become a new trend. The application of intelligent equipment will greatly improve the productivity of coal
mine operations as well as personnel safety. In this environment, the existing LIDAR-based Simultaneous localization and mapping
(SLAM) solution is prone to positioning drift and large mapping errors. To address these problems, a tightly coupled SLAM algorithm
based on LiDAR (Light Detection and Ranging) and IMU (Inertial Measurement Unit) is proposed, which uses both LiDAR and IMU
sensors as data inputs.The front-end uses an iterative extended Kalman filter to fuse the pre-processed LiDAR feature points with the IMU
data and uses backward propagation to correct the radar motion distortion, the back-end uses the LiDAR relative positional factor to use
the LiDAR inter-frame alignment results as a constraint factor together with the loopback factor to complete the global factor map optimiz-
ation. The robustness and accuracy of the algorithm are verified using open source dataset and open pit coal mine field dataset. The experi-
mental results show that the accuracy of the proposed algorithm is consistent with the current LIDAR SLAM algorithm in the urban struc-
tured environment, while the proposed algorithm improves the localization accuracy by 46.00% and 23.15% with higher robustness than
the FAST-LIO2 and LIO-SAM tightly coupled algorithms for the open pit coal mine field environment of more than 2 000 meters long, re-
spectively.
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Fig.7 Sequence 2 trajectory comparison result
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Table 2 open pit coal mine dataset APE error
RMSE/m
Ktk
A-LOAM LeGO-LOAM FAST-LIO2 LIO-SAM OURS
JF%11-500 m 1.900 1 12.7723 12.862 1 2.7005 0.8394
J¥%11-1 000 m 7.3956 12.7723 20.642 6 33946 1.4519
J¥%111-2 000 m 10.130'1 31.3826 24.553 1 4.1940 3.164 4
JF%112-2 120 m 6.9211 51.463 0 10.1340 7.1204 5.4720
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