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Fabrication of Three-Dimensional Scanning System for
Inspection of Massive Sinkhole Disaster Sites
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Abstract: Recently, interest in ground subsidence in urban areas has increased after a large sinkhole
occurred near the high-story building area in Jamsil, Seoul, Korea, in 2014. If a massive sinkhole
occurs in an urban area, it is crucial to assess its risk rapidly. Access to humans for on-site safety
diagnosis may be difficult because of the additional risk of collapse in the disaster area. Generally,
inspection using drones equipped with high-speed lidar sensors can be utilized. However, if the
sinkhole is created vertically to a depth of 100 m, similar to the sinkhole in Guatemala, the drone
cannot be applied because of the wireless communication limit and turbulence inside the sinkhole. In
this study, a three-dimensional (3D) scanning system was fabricated and operated using a towed cable
in a massive vertical sinkhole to a depth of 200 m. A high-speed lidar sensor was used to obtain a
continuous cross-sectional shape at a certain depth. An inertial-measuring unit was applied to
compensate for the error owing to the rotation and pendulum movement of the measuring unit. A
reconstruction algorithm, including the compensation scheme, was developed. In a vertical hole with a
depth of 180 m in the mining area, the fabricated system was applied to scan 0-165 m depth. The

reconstructed shape was depicted in a 3D graph.
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[Fig. 2] Sinkhole inspection diagram using high speed lidar by
means of cable that is wound on a cable reel winch
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[Fig. 3] System diagram of Sinkhole Scanning System
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[Table 1] Inertial Measurement Unit & Lidar Sensors

. Magnetometer Honeywell HMC5843
Heading sensor
Gyroscope Invensense ITG-3200
Inclinometer VTI Tech. SCA100T-200
Lidar Slamtec RPLIDAR-A3

(b)
[Fig. 4] Fabricated sinkhole scanning system: (a) Entire view
and (b) Detail view of head part
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[Fig. 5] Scanning scenario of massive sinkhole site
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[Fig. 6] 3D reconstruction algorithm of sinkhole from data
measured by IMU and lidar sensors
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[Fig. 7] Algorithm for determining rotation angle: (a) Calibration
mode (b) Measurement mode (c) Calculation of rotation angle
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[Fig. 8] Algorithm for determining deviation value: (a)
Measurement mode (b) Calculation of deviation value
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[Fig. 10] Type of 3D graphic representation: (a) Strip line (b)
Mesh (c) Surface
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[Fig. 11] Experiment at the vertical hole of mining site: (a) Entire
view (b) Calibration of IMU sensor (c) Entrance of vertical hole
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[Fig. 12] 3D reconstruction results: (a) Entire result(0~165 m)
(b) 0~50 m (c) 50~100 m (d)100~150 m
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