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Development of a LiDAR Sensor-based Small Autonomous Driving Robot for
Underground Mines and Indoor Driving Experiments
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Abstract : In this study, a LIDAR sensor-based small autonomous driving robot for underground mines was developed.
The robot measures the distances to the left- and right-wall surfaces using the LiDAR sensor and controls its steering
according to the difference. In addition, using the Bluetooth beacon, the robot can be stopped automatically without any
control when it gets close to the destination. An autonomous driving test of the robot was performed by constructing an
indoor test site that simulates underground mine tunnels. As a result of 10 repeated driving experiments, the robot showed
stable driving performance in widening, narrowing, and straight sections. In the curve section, the rate of deviation from
the acceptable driving area was 38.75%; however, there were no collisions with the wall of the road.
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Table 1. Specifications of the ERP-42 platform (Unmanned Solution, 2019)

Drive All wheel drive based on the differential gear
Steer Ackerman geometry type — wheel steering
Size 650 mm(length) x 470 mm(width) x 158 mm(height)
Weight About 8 kg
Max Speed 8 km/h
Max Steer Angle 10 degree

Communication

Wire: RS232¢, Wireless: Wi-Fi

Battery

14.8 V, 3700 mAh x 2 ea
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Webcam LIDAR
sensor
WV Wik ,/';CP/I .

Remote Wi-Fi High Level RS232c Low Level
Controller Controller Controller

UsB

Beacon Bluetooth | Bluetooth
Receiver Beacon

Wi-Fi
antenna

Driving
A Platform

Voltage
Converter

(b) ' ©

Fig. 1. Autonomous driving robot developed in this study. (a) Overall structure. (b) Outside view. (c) Inside view.
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Fig. 2. LMS-111 LiDAR sensor used in this study. (a) Outside view. (b) Scanning range.
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Fig. 3. Graph showing the relationship between the difference
of right & left distances and the steering value.
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Table 2. Equations for calculating the steering values (Y) at different positions of the autonomous driving robot developed in this

study
Position X (Right distance — Left distance) Y (Steering Value)
BR X < — Mox.Threshold Y = — Max.Steering
— M. ; — Min. 2
SR — Ma. Threshold < X < — Min. Threshold y = —Maw-Steering Value (X~ M Zhres};‘)ld)
(Min. Threshold— Max. Treshold)
N — Min. Threshold < X < Min. Threshold Y=0
y . 1y 2
SL Min. Threshold < X < Max. Threshold _ Maw-Steering Value (X~ Min. jhreShofd)
(Max. Threshold— Min. Threshold)
BL X> Maz. Threshold Y = Mazx.Steering
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Fig. 4. Conceptual diagram of the indoor simulation laboratory designed in this study.
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Fig. 7. Driving path of the autonomous driving robot at the first indoor experiment.

Table 3. Results from 10 indoor experiments of the autonomous driving robot.

Section Narrow section Wide section

Straight section

Curved section Whole section

Lane Keeping (%) 100 100

98.46 61.25 94.64
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