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ABSTRACT

In this study, we developed a robot operating system (ROS)-based autonomous driving robot
that estimates the robot's position in underground mines and drives and returns through
multiple waypoints. Autonomous driving robots utilize SLAM (Simultaneous Localization And
Mapping) technology to generate global maps of driving routes in advance. Thereafter, the
shape of the wall measured through the LiDAR sensor and the global map are matched, and
the data are fused through the AMCL (Adaptive Monte Carlo Localization) technique to
correct the robot's position. In addition, it recognizes and avoids obstacles ahead through the
LIiDAR sensor. Using the developed autonomous driving robot, experiments were conducted
on indoor experimental sites that simulated the underground mine site. As a result, it was
confirmed that the autonomous driving robot sequentially drives through the multiple
waypoints, avoids obstacles, and returns stably.
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ZE 02 = Agilex Robotics®] Scout-mini (Agilex Robotics, 2022)E AFHESIAALE. 17|14 Z1Hl2k= Intel 2] D435i 7HH=E
(Intel, 2022)5 AFESIRT, 2fo|th= SICK S| LMS-111 AME ARSSIATHSICK, 2022). WQl AEEZ] 2] 749 Intel Core
i7-9750H, 4.50GHz, 16GB RAM, NVIDIA GeForce 1650 A0 Lt EE PCE ARSI W9l AAEER] o] hHES AA|7ko 2
5718} ol= ¥4 AEE2|+=Intel Core i5-10210U, 1.6GHz, 8GB RAM, NVIDIA MX250 A}%F0] \r EE PCE ARSI

/ ROS based Autonomous driving system \

RF Transmitter Driving Platform

Motor Encoder.

.ﬂ‘

e
Main Controller

& & =

Camera

-—=

Remote Controller
K LiDAR Sensor J

Fig. 1. Overall structure of ROS based autonomous driving robot developed in this study
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Table 1. Specifications of driving platform used in this study

Model Scout mini
Drive Form Four-wheel four drive
Size 612 mm(length) x 580 mm(width) x 245(height)
Weight 23 kg
Max payload 20 kg
Max Speed about 10 km/h
Turning Radius 0 m (in-site Rotation)
Communication CAN, Wi-Fi
Battery 24V, 15 Ah

2.2 ROS A|l28H 5

& GeitE vA B B 57 7 e HAR AT 2R NS 919l ROS (Robot Operating System) S -85
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Table 2. Some of the ROS topics that make up autonomous driving robot developed in this study

Topic name Function
amcl_pose calibrated robot’s position
camera/color/image color image from camera
cmd_vel control robot’s velocity and rotation
map pre-generated map
move_base/global plan globally planned driving route
move_base/local plan locally planned driving route
odom odometry from encoder
scan LiDAR 2D data
tf relationship between coordinate systems
waypoint pre-generated waypoint

ol 2 A 3 BN 24209 ST 70 ol 21k ST ke 5 5iek o1 o 3;@4
Bkl | Sl 2 700] o] Bastel. ROS SIS TF (transform) S 5] 012
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Map
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Base_link
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(@)

Fig. 2. Relationship diagram of the coordinate system (a) constituting the autonomous driving robot system and (b) robot model
visualized in 3D coordinate system
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Fig. 2. Relationship diagram of the coordinate system (a) constituting the autonomous driving robot system and (b) robot model
visualized in 3D coordinate system (continued)
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Fig. 3. Overall structure of the move_base package used in this study
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Fig. 6. Conceptual diagram of the indoor simulation laboratory designed in this study
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Fig. 8. Autonomous robot’s driving path estimated by the two location estimation methods (encoder, encoder+LiDAR)
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Fig. 9. Comparision of the X and Y directions driving path between the two (encoder, encoder + LiDAR) location estimation
methods
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Table 3. Results of location estimation method using encoder and LiDAR from indoor experiments of autonomous driving robot

X (m) Y (m)
Estimated Actual Estimated Actual
1 26.87 26.95 -0.13 0
2 31.25 31.30 -9.12 -8.95
3 31.06 31.30 -31.49 -31.65
4 7.55 7.95 -31.81 -31.30
5 1.17 0.35 -24.33 -23.45
RMSE 0.42 0.47
5.4 2
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