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Table 3 LiDAR/IMU extrinsic calibration results

x/m y/m z/m
0. 043 6+0.011 6 0. 068 7+0.019 6 -0. 133 5+0. 024 1
roll/(°) pitch/(°) yaw/ (°)
176. 89+0. 07 179. 79+0. 09 -179.72+0. 09
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Table 4  Error statistics of LINS-GNSS positioning results

m

median rmse std

0. 167 0.211 0. 093

max mean
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Fig. 10 LINS-GNSS trajectory comparison and error analysis
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Table 5 Error statistics of LIO-SAM positioning results

m

median rmse std

0.219

max mean

0.515 0. 198 0.194 0. 094
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Fig. 11 Sequences of triaxial error components in

ENU of LINS-GNSS and LIO-SAM

% 6 LINS-GNSS #1 LIO-SAM =%} RMSE %it
Table 6 LINS-GNSS and LIO-SAM triaxial RMSE statistics

m
(ERES ARl 1AL PN
LIO-SAM 0. 124 0. 102 0. 148
LINS-GNSS 0.118 0.094 0. 147

ME 11 F15& 6 HA] LUA H |, LINS-GNSS ) =%
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LINS-GNSS :filter and optimization coupled GNSS/INS/LiDAR
positioning method for inspection robot localization
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Abstract In the past few years, robots have become an important means of substation inspection, and robotic in-
spection technology for non-fixed lines has received increasing attention in order to perform inspection tasks more
flexibly. How to achieve high-precision positioning in complex substation environment is one of the core problems to
be solved.lIt is difficult for a single sensor to meet the requirements of reliable positioning in substations , therefore ,
this paper designs a multi-sensor fusion LINS-GNSS positioning method.Its front-end tightly couples LiDAR and in-
ertial navigation based on an iterative error-state Kalman filter framework , which recursively corrects the estimated
state by generating new feature correspondences in each iteration.The back-end uses a factor graph optimization ap-
proach to loosely couple the localization results from the satellite navigation with the localization results output from
the LINS back-end.The optimization process first aligns the local coordinate system with the global coordinate sys-
tem,then adds the position constraints of the GNSS as a priori edge to the factor graph in the back-end,and finally
outputs the positioning results in the global coordinate system.In order to evaluate the performance of the LINS-
GNSS system in the substation environment, this paper conducted field tests under real scenarios.The experimental
results show that the LINS-GNSS system can achieve a positioning accuracy better than 0. 5 m in the substation en-
vironment , better than LIO-SAM.

Key words multi-sensor fusion ;factor graph optimization ; Kalman filter ;satellite navigation ; LiDAR-SLAM



