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Design and Application of Unmanned Driving System for Underground Electric Load-Haul-Dump Machines
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Abstract: The rapid development of autonomous driving technology has continuously expanded its application scenarios, and
unmanned driving in mines has become an important direction in intelligent mine construction. Aiming at the problems of
complex underground working environments, high manual labor intensity, and prominent safety risks, an unmanned driving
system for underground electric Load-Haul-Dump (LHD) machines was designed and implemented by integrating autonomous
driving and remote control technologies. The system adopted an operation mode of “remote-controlled loading, autonomous
driving for transportation and unloading”, realizing the full-process unmanned operation of LHD machines in underground
roadway environments. Field industrial test results show that the average lateral tracking error of the system during operation is
controlled within 0.30 m, the positioning loss probability is approximately 0.11% , and the average communication latency is less than 5
ms. The system also possesses good safety assurance capabilities, with the access control system and anti-collision detection module
effectively handling emergency situations. The research results verify the stability and practicability of the system in underground mine
environments, which can effectively reduce miners’labor intensity and improve underground working conditions.
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Fig.1 Sandvik LHS14E electric
Load-Haul-Dump (LHD) machine
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Fig.2 Hardware architecture of electric LHD machine
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Fig.3 Partial hardware layout of electric LHD machine
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Fig.4 System software module
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Fig.5 Framework of the map processing algorithm module
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Fig.6 Real-world constructed roadway map
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Fig.7 Framework of the localization algorithm module
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Fig.18 Scenario of straight-line tracking
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Table 1 Lateral error in straight-line tracking scenario

R/ G TRiEEs/  moRMW2E/  F¥hZE/

(km/h) J7 [a) m m m
3.9 Giigiid 60 0.133 0.086
6.9 i 60 0.253 0.089
11.5 ik 60 0.502 0.225
3.9 BB 60 0.127 0.061
6.9 JaiR 60 0.205 0.085
11.5 Ja iR 60 0.377 0.167

3.2.2 HMATHESS
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Fig.19 Scenario of right-angle bend tracking
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Table 2 Lateral error in right-angle bend tracking scenario

LEOR ey Gy e ) KM%/ X2/

m ﬁrﬂ ﬁrﬂ—] m m

8 i 2 ikt 0.421 0.192
8 Tk it 0.157 0.068
8 Jr iR tik 0.349 0.069
8 Ja iR it 0.227 0.062
10 i 32 fikk 0.411 0.196
10 ik i 0.136 0.058
10 JE iR fikk 0.274 0.083
10 Ja iR it 0.205 0.072
12 ik ik 0.473 0.188
12 LGB it 0.168 0.068
12 J5 iR ti e 0.392 0.070
12 ERE Wik 0.266 0.062

3.2.3  JUE M B R B 7
IVIE B B PR B 7 5 a0 B 20 F R - BE 3t A Ja) 3 g
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Fig.20 Scenario of curved-section tracking
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Table 3 Lateral error in curved-section tracking scenario

R/ T i i A2/ FHmE/

(km/h) v yan| m m
3.9 i it 0.314 0.131
3.9 i i 0.100 0.043
3.9 JAik 1l 0.312 0.042
3.9 Ja iR 3 0.296 0.052
6.9 T et 0.306 0.156
6.9 G[ipii3 it 0.085 0.041
6.9 Ja iR it 0.372 0.086
6.9 J5 iR Vit 0.287 0.091
11.5 i Fagi 0.493 0.294
11.5 i s 0.390 0.123
11.5 Ja iR ik 0.451 0.162
11.5 Ja iR i 0.393 0.196
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Fig.21 Communication latency performance test results
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Fig.22 Application effect of access control alarm and parking
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Fig.23 Lane boundary detection information
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Fig.24 Obstacle alarm parking
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