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3D Information based Visualization System for
Real-Time Teleoperation of Unmanned Ground Vehicles

A7 @ w) 2] F2oo] F 3.k A
Ga-Ram Jang', Ji-Hun Bae?, Dong-Hyuk Lee®, Jae-Han Park

Abstract: In the midst of disaster, such as an earthquake or a nuclear radiation exposure area, there are
huge risks to send human crews. Many robotic researchers have studied to send UGVs in order to
replace human crews at dangerous environments. So far, two-dimensional camera information has

been widely used for teleoperation of UGVs.

Recently, three-dimensional information based

teleoperations are attempted to compensate the limitations of camera information based teleoperation.
In this paper, the 3D map information of indoor and outdoor environments reconstructed in real-time is
utilized in the UGV teleoperation. Further, we apply the LTE communication technology to endure the
stability of the teleoperation even under the deteriorate environment. The proposed teleoperation
system is performed at explosive disposal missions and their feasibilities could be verified through
completion of that missions using the UGV with the Explosive Ordnance Disposal (EOD) team of

Busan Port Security Corporation.

Keuwords: Teleoperation, 3D Reconstruction, UGV, EOD Robot
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[Fig. 1] Block diagram of 3D based teleoperation process.
(a) Environmental data acquisition process (b) 3D data visualization

process
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[Fig. 2] Reconstructed static point cloud
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[Table 1] Experimental Results

Operator |Operation mode|Operating time [s] | Number of collisions
2D 95 6
: 3D+2D 75 0
2D 102 5
2 3D+2D 80 0
2D 110 7
3 3D+2D 80 0

OPERATING TIME[SECOND]

3D+2D 3D+2D 3D+2D

OPERATOR 1 OPERATOR 2 OPERATOR 3

[Fig. 7] Comparison of operating time

NUMBER OF COLLISIONS

1] 0 0
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OPERATOR 1 OPERATOR 2 OPERATOR 2

[Fig. 8] Comparison of number of collisions
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[Fig. 9] Consignment cargo inspection center. Entrance view (a)
Inside view of inspection area (b)

@ (b)

[Fig. 10] Real-time mapping process in series of time
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[Fig. 11] Cargo shipment passage (a) Movement from consignment
cargo inspection area to explosive suspect object (b) Remote
control of the manipulator to lift a suspicious object of explosive (c)
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[Table 2] Scenario results
o Missions”
Evaluation lists Results
1 2 3
Time limit
. 1 2
[Minute] 0 > > 0
Operating time
. 4 2 2 8
[Minute]
Number of 0 0 0 0
collisions
Mission result
(0} (0] (¢} (0]
[O/X]
") Mission 1: move to the consignment cargo inspection area.
Mission 2: move to explosive suspect object.
Mission 3: move to safety zone
OPERATING TIME[MINUTE]
m Time limit = 3D based operation
MISSION 1 MISSION 2 MISSION 3
[Fig. 12] Comparison of operating time
[Table 3] 3D Mapping process results
3D map update rate | 3D data registration | 3D Map accuracy
[ms] time[ms] [cm]
50 40 - 50 9.2
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