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ABSTRACT

Whenever a mineshaft accidentally collapses, speedy risk assessment is both required and
crucial. But onsite safety diagnosis by humans is reportedly difficult considering the additional
risk of collapse of the unstable mineshaft. Generally, drones equipped with high-speed lidar
sensors can be used for such inspection. However, the drone technology is restrictively
applicable at very shallow depth, failing in mineshafts with depths of hundreds of meters
because of the limit of wireless communication and turbulence inside the mineshaft. In
previous study, a three-dimensional (3D) scanning system with a single channel lidar was
fabricated and operated using towed cable in a mineshaft to a depth of 200 m. The rotation
and pendulum movement errors of the measuring unit were compensated for by applying the
data of inertial measuring unit and comparing the similarity between the scan data of the
adjacent depths (Kim et al., 2020). However, the errors grew with scan depth. In this paper, a
multi-channel lidar sensor to obtain a continuous cross-sectional image of the mineshaft from
a winch system pulled from bottom upward. In this new approach, within overlapped region
viewed by the multi-channel lidar, rotation error was compensated for by comparing the
similarity between the scan data at the same depth. The fabricated system was applied to scan
0-165 m depth of the mineshaft with 180 m depth. The reconstructed image was depicted in
a 3D graph for interpretation.
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Fig. 1. Comparison between (a) single-channel and (b) multi-channel lidar measurement
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Fig. 2. Mine shaft inspection diagram using high speed multi-channel lidar by means of cable that is wound on a cable reel winch
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Fig. 3. System diagram of Mine Shaft Scanning System

TUNNEL & UNDERGROUND SPACE Vol. 32, No. 6, 2022



Fabrication of Three-Dimensional Scanning System for Inspection of Mineshaft Using Multichannel Lidar < 455

S e EQlrhe T gl Hhrlel o= 9 A= 74)E0] 9l Hirlel SRR Kim et al (2020)0] 28591
o B Ao} SolehA) g E]9Lom] ARSI Lidarold CREA Lidar 2 WAEISIT) nlel Ao 27} igsi 1

Lo 2H ﬂ@ﬂ—t— S=Reo] A5 Sttt BitRolle AlolaS F9ll Sake A S AR & 4= e A
o 2 W] = HUH =0l RS485 5417 Gt AT E AP FA07] =2 % %”F‘ Bl 0]z & F4g=o] et sl=F=

Eilﬂoioﬂ oJ5] 360 = ﬂ%i%_}—’? = TEE Fof gltk AAAo7 = W BHIAIA Holeet thaaid 1145 Lidar 573 7314*

Fsto] 21dA017) 2 Adsly| SRt wizle ARt ob&w] PCo] ol wet AlAEL] 21 HELE Alofok= 75 438t
k. AlA 9] ZAE A5 ] flsto] IdAIA=A] HoneywellAF2] 35 2F7 173411491 HMC58437} Invensense AR 35 20| 241
A1 ITG-32000] AF8-=] O*EP- 1N MM O] 7187 BEE 7] e M EA 25 BAKIAZF ARG E QI BER]REO = AlAE
o= Table 13} 22 352 Z= OusterAte] OS1-16 20| A= 12]-0]] 1670 AE-S SAl ST 4= o™ 1214
5127]ellx] 2048712 7HA 0 =2 v‘i‘— olo] 79t 4= Qlot. 2 EARISR=33.2 °2A SAWE Vo s *J'éﬁiw.@olﬂi A
232.207¥A8 781 Qlek. o) 24 72)= 120 mo] 1l @APHSY = 7 77k Ag]Y Wl +1.5 cm Oli 120m H= S w+10
cmO[th. TOFAXZH 3 0 &2 9217} Algh HoR|gh At o] £2 e FALA = =2 AL LS 876 Pq o271 wizell AF
-Bohz o= As] AP =R et 23 ) ST 4 s &= 1200 10~20 HZH 92 % OH”E 7 Aol m=t A
AHt, o3 thsAE Lidare] Z7H|°]El= GigE (gigabit ethernet) & 5ol 1140 2 H5E=t|| Z[dAo]7|} FRAIA R
Aloli= A145:9] RS485 41 QlE|H|o] o)) wiEe] Bl o] E7Fssht 2 =iolAe= Fig. 49 Z°] MCU (Micro
Controller Unit)E 2-85}0] 1145 GigEA 35 #|2; RS-48541 5 HRKsHHA] glo|g] Ht 2! A Ho| o] FoR| & AL} S,
A LidarollA g AHd e 2|4- 512700014 2048702] ZAul|olel 7 1 %201 103] oV GigEQIE|H|o]AE ol AARIo = 4=
HEI}. o] wf, 245 RS-485 F4l JIE|Hlo] A Fol| Ao = 1 & 714 2] 360712 Hlo|ElE SRl oFH, 2 bytes = A O]=]=
glold 74 A Hlolel7h 1 & 2H4 2 2 360717 AR, 16719] 2 /=2 R F Ho]ERE 11520 bytes©|™ 92160
bits7} It} RS-485F41014] 115200 bps = A&61H 0.83%.0] AAzto] Wastal F7a th2 Ao El7H7] gHEo] A
S Pt dlole] HEARES 1 2 Fke A5t 5, 12 402 210 & Hlo[elE dok= 5%, thgAld Lidar= 4
103]755 35t 204871 2] Hlo[El7F S155H T MCUIA 10351 -5 HES

ﬂl

-

]

245 glojelo] Ba-2 7ol 1514 Hlojel2
A7 S B ol gtod 1 % 7HA0] HlolE| S Al TAstol AR ol HE B e AR ) Fle] ghe 25 Ho]
Eo] B 7ol $hS AT 24 Lidar Holele] Az /a2 olek A4 paE b 1E Fig 5°ﬂ el At
W AolEo] 2AIE 4 910 m = 517} A] thEA Lidar A7} B EHHS 4 Qw2

Table 1. Specification of multi-channel Lidar Sensor

Parameter Value
Vertical Resolution 16 Channels
Horizontal Resolution 512, 1024, 2048
Vertical Field of View 33.2°(-16.3°~16.6°)
Vertical Angular Resolution 2.2°
Range 120 m
Precision +1.5~10cm
Rotation Rate 10,20 Hz
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Fig. 9. Calculation of rotation angle to minimize the MSE
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position
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Reconstructed data @,,. at (a) 24.92 m depth (b) 24.25 m depth (c) 23.1 m depth and (d) Overlapped data at three
position (continued)
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Fig. 12. 3D reconstruction results
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