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Review of Autonomous Driving Technology Utilized in Underground Mines
Heonmoo Kim and Yosoon Choi*

(Received 11 September 2019; Final version Received 2 October 2019; Accepted 25 October 2019)

Abstract : This study analyzed the characteristics of autonomous driving technology and its applications in underground
mines. A literature survey was conducted to review autonomous driving technology classifications, components, and
sensors. Moreover, applications of autonomous driving technology for mapping, ore transportation, and safety
management in underground mines were analyzed. Introducing autonomous driving technology to the mining industry
can improve productivity by automating mining equipments and ensuring worker safety in hazardous areas. The use of
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autonomous driving technology in the mining industry is expected to increase gradually.

Key words : Autonomous driving technology, Mining industry, Underground mines, Sensors, Automation
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A8l 7] v 8] A-sA}7]4512](The Society of
Automotive Engineers, SAE)7} A 2]3F 67 (Level 0~
5)& H53F 4 QITKSAE, 2019). Fig. 12 A4-853 7|4
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Fig. 1. Levels of autonomous driving technology determined by The Society of Automotive Engineers (modified from NetApp, 2019).
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Fig. 2. Sensors for autonomous vehicle (modified from Michigan Tech Research Institute, 2019).

Table 1. Types of sensors used in autonomous driving technology and their characteristics

. . Field of Effect of Effect of .

Perception Range Resolution . . Price
view light weather

Ultrasonic Low Low Low Low Low Low

———— Object detection - - -
Radar High Low Middle Low Low Middle
Lidar Localization, Middle Middle High Low Middle High
Vision Camera Object detection  Middle High High High High Middle

el e AT 7182 0183 XlskEM AE HE

ARgE -

Ao MM 2 A= e g4 79, w8k, ee 7t
A GH, FAL A7 5 = 275 0] Gkl whet Al A 2]
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A ARSI 242 S0 M= A e A B
e 4= Qlth(Hong, 2011). A& S0 ARFA Q1 F=3)eh
< AT = Qe A ThEhE Aoy elieh -
ot 71 2 M= SET e WA AL, Flo]
o AlA o] 73 713 =30 wAgle] 3t des 2
ot w2k o]5 AlA & A AR S AR Ve s
doh=t 283t 7s W e FET 4 QU Table 12>
AT 7lgol M A e 2 AR H =AM S0 TRt
27129 E4& f.oF%t Zlojtk

A U288 %)

Fig. 3- Baker et al.(2004) 7} 7|9}&t | 8144 2185
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ShgAke] Y o] Bo] Fu A Wel AL 7|2 &k el
o] Uefuieeke Fae 4 ms 52 A ol A
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Fig. 3. View of autonomous driving vehicle platform ‘Ground
hog’ designed for surveying and mapping in underground
mines (Baker et al., 2004).

Fig. 4. View of autonomous driving vehicle ‘Barney’ designed
for underground mine mapping (Neumann et al., 2014).
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Fig. 5. View of autonomous mapping robot with sensors and battery (Ghosh et al., 2016).
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Fig 7. View of autonomous train ‘VirtuRail’ (image source:
https://im-mining.com/tag/mine-transport/).
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Fig. 7-2 MobileTronics(2019)7} 27} gl R|sl3AE
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Hlole] A4 ES o 8510l akAL i vuo 2 el
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of| AL A| TS A A|3Fo] FALO QIR E Q1AIFE & S8
Hag 450 4502 WA 4 Y= shoic

VirtuRail & @37} o] 5517 $1at W=7t H a5 gro.
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Fig. 8. View of autonomous search and rescue robot
‘MSRBOTS’ (Zhao et al., 2017).

Fig. 8-& Zhao et al.(2017)7} A5} Aggdilof| A QFA A}
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Table 2. Summary of Autonomous vehicle technology in mining industry

Reference Application Vehicle Mode Sensor
Tele-control/ Lidar
Bakambu and Polotski, 2007 Mapping Mobile robot Gyro
Autonomous .
Inclinometer
Mapping/ Lidar
Baker et al., 2004 Environmental Mobile robot Tele-control/ Low-light Camera
exploration Autonomous Gyro
p Gas and sinkage sensors
Lidar
Ghosh et al., 2016 Mapping Mobile robot Autonomous Shaft encoder
IMU
Lidar
Neumann et al., 2014 Mapping Mobile robot Autonomous Clal{/lnzra
Wheel encoders
Tele-control/ Lidar
Marshall et al., 2008 Transport Load-Haul-Dump Drive shaft encoder
Autonomous .
Hinge angle encoder
Lidar sensor
Larsson et al., 2005 Transport Mobile robot Autonomous Wheel encoder
RFID
Lidar
Mobile Tronics, 2019 Transport Train Tele-control/ Radar
Autonomous Camera
RFID
Lidar
Environmental Tele-control/ RGB-D camera
Giinther et al., 2019 Mobile robot Temperature, humidity, air

exploration

Autonomous
pressure,

gas sensors

Environmental

Zhao et al., 2017 .
exploration

Mobile robot

Camera,

Two-way audio,
Infrared sensor,
Temperature, humidity, wind
speed, air pressure sensors

Tele-control/
Autonomous

o
41
2
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o
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(b)

Fig 9. Examples of autonomous driving technology developed in other fields. (a) Autonomous driving car ‘KUM’. (b)

Autonomous shuttle “WITH:US’.
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