TUNNEL & UNDERGROUND SPACE Vol.34, No.1, 2024, pp.1-14
https://doi.org/10.7474/TUS.2024.34.1.001 ISSN: 1225-1275(Print) ISSN: 2287-1748(0Online)

TECHNICAL NOTE

7 0|FA|S o 2ot Tt A U = HEO| 321 Folet glet
2M Iy}
o O O

i |

ARl 1 o 2% A =1
U4, oEQl, UMY, waH
'SR E AT SRR, 20TAISIAL 217

Evaluation of Applicability for 3D Scanning of Abandoned or Flooded
Mine Sites Using Unmanned Mobility

Soolo Kim', Gwan-in Bak', Sang-Wook Kim?*, and Seung-han Baek'

'Deputy Director, Korea Mine Rehabilitation and Mineral Resources Corp.
2Principal Engineer, Isung Co. Ltd.

*Corresponding author: swkim@isung.com

ABSTRACT
Received: December 5, 2023 An image-reconstruction technology, involving the deployment of an unmanned mobility
Revised: January 3, 2024 equipped with high-speed LIDAR (Light Detection And Ranging) has been proposed to

reconstruct the shape of abandoned mine. Unmanned mobility operation is remarkably useful
in abandoned mines fraught with operational difficulties including, but not limited to,
obstacles, sludge, underwater and narrow tunnel with the diameter of 1.5 m or more. For
cases of real abandoned mines, quadruped robots, quadcopter drones and underwater
drones are respectively deployed on land, air, and water-filled sites. In addition to the advantage
of scanning the abandoned mines with 2D solid-state lidar sensors, rotation of radiation at an
inclination angle offers an increased efficiency for simultaneous reconstruction of mineshaft
shapes and detecting obstacles. Sensor and robot posture were used for computing rotation
matrices that helped compute geographical coordinates of the solid-state lidar data. Next, the
guadruped robot scanned the actual site to reconstruct tunnel shape. Lastly, the optimal
elements necessary to increase utility in actual fields were found and proposed.
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Table 1. Comparison of quadruped robots

Boston Dynamics Ghost Robotics Unitree
Parameter ..
SPOT Vision 60
Photo
Size (L x W x H, mm) 1,100x500%610 1,126x467x636
Weight (kg) 32.7 50
Velocity (m/s) 1.6 3 1.2
Climbing angle (°) 30 - 30
Stair height (cm) 300 - 20
Payloads (kg) 14 10 20
Oeration time (hr) 1.5 3 2.5
IP rate 1P54 P67 1P68
OperatonTemp (°C) -20~45 -45~55 -5~45
Appli.cabqity Not applicable due Fo too many Not applicable due to too high price Applicable due to waterproof
for mine sites safety functions performance
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(é) SPQOT on sloping road . . b)B1 on Ioplng road )

Fig. 2. Test walk of quadruped robot in abandoned mine site (Mungyung)
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(d) B1 under sludge condltlon
Fig. 2. Test walk of quadruped robot in abandoned mine site (Mungyung) (continued)

(c) SPOT under sludge condition
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Table 2. Comparison of quadcopter drones

DIJI Flybility
Parameter - 5
Matrice M300 Elios2

Photo
Size (L x W x H, mm) 810x670%x430 400 = 400 x 400
Weight (g) 3,770 1,450
Velocity (m/s) 6/5/23 1.5/1/6.5
Payload (g) 228 -
Oeration time (min) 41 10
IP rate IPS5 1PS3
OperatonTemp (°C) -20~50 0~50
Applicability Not applicable due to Applicable for camera inspection but not
licabl 1 1 h
for mine sites too big size for moving inside tunnel applicable due to too low payload and short

flight time to operate with lidar sensor
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(c) M300 inside the tunnel ' (d) Elios2 inside the tunnel
Fig. 3. Test flight of quadcopter drones in abandoned mine site (Hongcheon)
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Table 3. Comparison of underwater drones

Chasing Blue Robotics
Parameter
M2 Pro BlueROV2
Photo
Size (LxWxH, mm) 480%267x165 457x338x254
Weight (kg) 5.7 12
Velocity (m/s) 1.5 1.5
Payloads (kg) - 12
Oeration time (min) 4 4
Max Depth (m) 150 200
Operaton Temp (°C) -10~45 0~30
Applicability for mine sites Not applicable due to lack of scalability Applicable due to excellent equipment connectivity

SHof| Q= ARe=gAt B 1 oA M2 Pro @7} BlueROV2 L E-S A 2085t ATHS Fig, 401 LFERHSILE. Fig. 4(a)2t (b)=
217} % 12 o] A% 2 mQl 73= Yol 29 =1 Q= B0t Fig. 4(c)=M2 Pro 2@ 2] 7HHlet GAFS Ho] =gl o 2 v}

= ZA R ol wfl i dhiz ol A Ao 7 RlE Zhe Hod ot ’EHO, Fig. 4(d)2F 2] BlueROV2 22 7|2} 4
olelof| At Y= AARIe R Hof 7] wze]l 270 gle Sl = 2 o Al ZA=Hield 2-8517] flsiAe At

(c) Camera image of M2 Pro (d) Sonar image of BlueROV2

Fig. 4. Test diving of underwater ROV in abandoned mine site (Hongcheon)
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Table 4. Comparison of lidar

Hypersen Tech Unitree SICK
Parameter - ..
HPS-3D160 L1 Visionart-T Mini
Photo
Size (L x W x H, mm) 78x40%30 75XT5%65 80x70x70
Weight (g) 110 230 520
Max distance 30 30 16
HFOV (°) 76 360 70
VFOV (°) 32 90 60
Pixel 160x60 1.5M 512x424
fps 35 1 30
IP rate P67 P54 P65
OperatonTemp (°C) -10~55 -45~55 -10~50
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Fig. 5. Mine sensing device equipped with unmanned mobility
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(a) Structure of tunnel sensing device

Fig. 6. Inclined solid-state lidar for simultaneous object sensing and 3d scanning while rotating
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(b) Principle of tunnel sensing device

Fig. 6. Inclined solid-state lidar for simultaneous object sensing and 3d scanning while rotating (continued)
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Fig. 7. Reconstruction algorithm from points captured from mine sensing device
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— —» PC & Wifi

s L1 Lidar

(a) B1 at the entrance of mine site (b) Reconstructed image at the entrance of mine site

(c ) B1 |n5|de mine 5|te (d) Reconstructed image inside mine site

Fig. 9. Pilot measurement at abandoned mine site (Mungyung)
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