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Water spraying work to prevent the dust from scattering during building dismantling operation has usually been done
manually. Since it is very risky and often causes fatal accidents due to unexpected collapse, a few countries have adopted
mechanical water spaying machines. However, these machines are still operated by human laborer, specifically in orienting
the spraying direction, which induces low dust suppression efficiency. In this research, an automated fine dust tracking
system was suggested to identify and track the dust generating position accurately. A GPS is installed on the secured body
of the excavator which contains a crusher as an end-effector for building dismantlement. Assuming the position of the
crusher is the dust generating spot, a forward kinematics analysis is performed to identify the crusher position from the
body origin on which the GPS sensor is placed. With another GPS on the water-spraying robot, its relative position to the
dust generating spot and its heading angle for tracking can be calculated consequently. Tracking experiments were
conducted with a miniature excavator and a reduced size water spraying robot. The results showed a sufficient tracking
performance enough to be applied to the water spaying machines.
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(b) Dust suppression by manual water spraying machine

Fig. 1 Conventional dust suppression work
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Fig. 3 Calculation of rotational angel for water spraying robot to
rotate
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Table 1 Specification of the position tracking control system

Component Model  Manufacturer Specification
National Resolution : 12 bits
Controller  myRIO Instrument  Overload protection : £16V
Dynamixel Resolution : 0.2930
Actuator AX-12A ROBOTIS Angle [degree] : 300
IMU Gy-86 GY SENSOR  Communication : 12C
GPS BN-880 Beitian UART Interface : UART
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Fig. 5 Control algorithm for the position tracking robot system
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Table 2 Angular position measuring experiment result: protractor,
IMU sensor, and Max Error

Protractor (°) 0° 30° 45° 60°
IMU(°) 04-0.76 30.46 - 32.39 47.6-48.43 61.28 - 63.38
Max Error (°)  0.76 2.39 343 3.38
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Table 3 Relative position measuring experiment based on GPS
sensor (east position)

Experiment Max
Relative position (m) Error
1 2 3 4 (m)

Longitudinal

e 4.5 3.83 3.77 330 357 1.2
position gap

Latitudinal

I 039 036 0.008 0.05 0.39
position gap

Table 4 Relative position measuring experiment based on GPS
sensor (west position)

Experiment Max
Relative position (m) Error
1 2 3 4 (m)

Longitude gap 4.5 -4.59 -392 -421 -485 058
Latitude gap 0 -0285 -047 0.01 -071 0.71
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Fig. 11 Position tracking experiment
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Table 5 Position of excavator’s end point and water spraying robot

P, P,/ Error
a y* 2% y* % y 2%
(m) (m) (m) (m) (m) (m)
1 0.77 0.38 0.76 0.38 0.01 0

2 0.74 0.26 0.72 0.29 0.02 0.03

3 0.60 0.22 0.59 0.25 0.01 0.03
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