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Development of the Path Generation and Control System
for Unmanned Weeding Robot in Apple Orchards
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Abstract: Weeding in orchards is closely associated with productivity and quality. The customary weeding process
is both labor-intensive and time-consuming. To solve the problems, there is need for automation of agricultural
robots and machines in the agricultural field. On the other hand, orchards have complicated working areas due to
narrow spaces between trees and amorphous terrain. Therefore, it is necessary to develop customized robot
technology for unmanned weeding work within the department. This study developed a path generation and path
control method for unmanned weeding according to the orchard environment. For this, the width of the weeding
span, the number of operations, and the width of the weeding robot were used as input parameters for the orchard
environment parameters. To generate a weeding path, a weeding robot was operated remotely to obtain
GNSS-based location data along the superheated center line, and a driving performance test was performed based
on the generated path. From the results of orchard field tests, the RMSE in weeding period sections was measured

at 0.029 m, with a maximum error of 0.15 m. In the steering period within row and steering to the next row

sections, the RMSE was 0.124 m, and 0.047 m, respectively.

.M B
r : sprocket diameter
w : rotational velocity of track
u,  inner product
1, : global vector angle, radian

1, : pointing angle command, radian
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v, : current vector angle, radian
k, : proportional gain

. integral gain

k; : derivative gain

e error between pointing angle command and

P

current angle
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Fig. 1 Platform of weeding robot

Table 1 Specification of weeding robot

Description Specification
Size(HxLxW) 930%1,400x1,520 mm
Expected load Max. 650+30 Kg
Driving speed Max. 4 Km/h

Rotational Max. 3,000 RPM
requency
Motor*2ea Rated Output 64 kg:em
Efficiency 80%
Deceleration 16:1
Ratio )
Decelerator
Efficiency 95%
Electric battery
Drive source 50.8V/120Ah*2ea,
12.2kWh(6.1kWh*2ea)
Sprocket Peach 200 mm
Sprocket Diameter 195 mm
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(k) Side view

Fig. 2 Schematic of GNSS module installation
top view (a), side view (b)
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Table 2 Lateral deviation of Path A and Path B
according to section (a), (b), (c)

e AR H AR Ao Ay s

section RMSE max (m) I(Iil:\):ilmmil(l)lllll
(m) )
(a) 0.031 0.125 0.19
Path A (b) 0.155 0.297 0.567
(c) 0.128 0.267 0.51
(a) 0.048 0.127 0.241
Path B (b) 0.166 0.299 0.597
(©) 0.119 0.256 0.479
B ok Al 7 oA & etk A4 &
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Fig. 8 Generated path and driven path of weeding section (a), steering section within tree row (b),
steering to next row (c) in orchard
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