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Development of Unmanned Vehicles System
for Waste Collection Considering Worker Safety
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Abstract: In this paper, we propose waste collection vehicle system with a safety device for worker
safety and an autonomous driving function. The steering system is applied as MDPS (Motor Drive
Power Steering) system to control the waste collection vehicle of the internal combustion engine.
Safety-related errors is prevented through redundancy brake of the integrated system and the control
braking system. In order to ensure safety between workers and waste collection vehicles, work
guidelines and safety devices for emergency stop in case of danger are applied to vehicles. In addition,
this research is conducted on improving the working efficiency through vehicle condition monitoring
system and a short-range control system for field test. This research is aimed to secure stability through
demonstration and contribute to the industrialization of unmanned waste collection vehicles.
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[Fig. 1] Unmanned waste collection vehicle

[Table 1] Specifications for an unmanned collection vehicle

Length/Width/Height (mm) 5,765 /2,025 /2,390
Load weight (kg) 3,000
Main brake: Hydraulic Disk
B
rake Parking: Electric Magnetic
2D Lidar & 3D Lidar
Lidar
Sensors for (Velodyne 16CH)
autonomous Camera ZED STEREO CAMERA
driving IMU Xsens MTi-300
GPS Ascen GPS
Controller Vecow ECS-9000

22 5 Ao17] At

AT A1, AT 2 o] A5 Ae]
7] 21 e 9 5 5 SIS 915 FA S (Fig, 4,

[Fig. 5= 7Hgsialom, Alo]7]e] Falo] EQbdstA Y A

STRG.CULUM

STRG.CULUM
LOWER ASSY.

STRG.CULUM
PLATE

STRG.CULUM BRAKE PEDAL
MTG
BRAKE PLATE

BRAKE MOTOR
ASSY.

BRAKE LEVER
ASS'Y.

STRG.CULUM

[Fig. 3] Modified modules inside the vehicle
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[Fig. 5] Diagram of control system
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[Fig. 7] Long- and short-distance remote emergency system
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[Fig. 8] Monitoring program for worker, respectively, inside an
unmmaned vehicle and in the control center

[Fig. 9] Results of recognition worker
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[Fig. 10] Fallback response scenario

CAN DB(Integration)

[Table 2] The test results of emergency stop

Stop time after sending emergency stop signal

(unit: sec)
Time required from signal | Avr. |0.931
Emergentcy transmissi9n to brake Max |0.974| 1298
stop: control operation (A) i (A avr.
center Time required from brake | Avr. |0.367 |+ B avr.)
operation to vehicle stop (B)| Max. [0.382
Time required from signal | Avr. |0.642
Emergentcy transmission to brake 1.022
StOpZ operati on (C) Max. |0.652 (C avr
short-distance [ B ;
remote Time required from brake | Avr. |0.380|+ D avr.)
operation to vehicle stop (D)| Max. |0.393

Stop distance after sending emergency stop signal

(unit: m)
Time required from signal | Avr. |1.225
Emergentcy transmissif)n to brake Max. | 1302 1.852
stop: control operation (A) i (A avr.
center Time required from brake | Avr. |0.627|+ B avr.)
operation to vehicle stop (B)| Max. | 0.657
Time required from signal | Avr. |1.125
Emergentcy transmission to brake 1.383
stop: operation (C) Max.|1.155 (C avr
short-distance [ ; )
remote Time required from brake | Avr. |0.258 |+ D avr.)
operation to vehicle stop (D)| Max. [0.267
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[Fig. 12] Control sequence according to operator safety guide
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[Fig. 13] Autonomous driving
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(b) Real road and environment status in demonstration site
(Residence site)

[Fig. 14] Detail analysis of verification site for collection waste

Comparison of collection time in maned
and unmmaned vehicle
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[Fig. 15] Comparison of time, collection waste results of
collection waste time in manned/unmanned vehicle
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