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Mobile Robot Localization and Perception Method for Subterranean Space Exploration

BAI Shiyu, LAIJizhou, LU Pin, JI Bowen, ZHENG Xinyue, FANG Wei, CEN Yiting
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Abstract: A mobile robot localization and perception method for subterranean space exploration is proposed. Firstly,
a tightly-coupled LiDAR-odometer-IMU (inertial measurement unit) fusion framework based on factor graph is designed
for the problem of structural degeneration in subterranean space. A high-precision IMU/odometer pre-integration model is
derived, and the factor graph is utilized to achieve the simultaneous estimation for motion states and sensor parameters of
mobile robots. Meanwhile, an object detection method based on LiDAR and infrared camera is proposed to conduct the
recognition and relative localization of multiple objects in weak light environment. The experimental results show that the

proposed method can improve the positioning accuracy of mobile robots by 50% in structurally degenerated environments
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and achieve a centimeter-level relative localization accuracy for objects in weak light environment.
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Tab.3 Relative positioning error of objects in the first test

Hfs  X%#i/m Y#i/m Z%i/m
XYL 1 0.031 —0.054 —0.025
XTYEL 2 0.012 0.026 0.027
FHH 1 —0.086 0.090 —0.072
Ha1 0.053 0.037 0.074
B2 0.013 0.026 0.029
FH#2  0.007 0.021 0.011
KaE 1  —0.137  —0.230 0.178
KA 2 0.013 0.117  0.027
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Tab.4 Relative positioning error of objects in the second test

HfF  X#i/m Y#i/m ZH/m
WHEHL L 0.108 0.101 0.059
P2 0.028 0.027 0.032
FRF L 0.059 0.026 —0.051
HA 1 0.016  —0.037 —0.032
a2 0.031 0.102  0.064
FH#2 0038 0.026 0.018
KEE 1 0.012 0.037  0.076
Kaz 2 0.034  —0.076 —0.016

#5003 HNNK H AR E LR %
Tab.5 Relative positioning error of objects in the third test

H A% X#i/m Y#Hi/m Z%i/m
XTYEHL 1 0.007 —0.026 0.048
WPHL2  0.071 0.051 0.039
FH#1  —0017 —0.062 —0.049
1 0.047 0.126  0.127
B2 —0053 —0.069 —0.134
FHEH 2 —0.062 —0.017 —0.030
KA1 0.025 0.084  0.045
KTE2  —0.009 —0.061 —0.085
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JE AT DLk B JE K 2K
5 452 (Conclusion)

PLEE #6) IR A0 5 550 B8 R T2 EERRAIE 1 3 R 25 (] 34
B &R DUVA B8 sh AL s NARI J5 v 7 KB i Bk ik
R SCIE T A g T R T R OG TIA / AR T/ R
PRI T SRR A RS TV, Be B e o R R A6 R
s BT R L, AL s A ph G vk,
R P T e AR B 50% LA bo RIS, $EH 73T
HEIE /LLAMBNLRELE I B bR U 7, RREEXT 55
JEREIREE T 1) H br SEHE K R AR B AR BE, M
T3 2B [E PR (1) Je NER ISR A T — il R fie
RFBL.
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