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Abstract

Efficient weed control in orchards demands autonomous solutions due to labor shortages
and rising operational costs. This study developed an autonomous orchard weeding robot
featuring a detachable variable-width mechanism. The mechanism integrates contact-
based obstacle detection to dynamically adapt to orchard environments with varying row
spacings. The mechanism was designed to automatically adjust its weeding width and height,
significantly enhancing coverage by reducing missed and redundant weeding areas. Field
experiments conducted at two orchard sites demonstrated that, particularly in narrower
working paths of 3.0 m and 4.0 m width, total weeding coverage markedly improved from
approximately 87-92% (fixed-width operation) to over 99% (variable-width operation).
Additionally, although the variable-width mechanism required an extra 22.7% power
consumption (300W), its improved operational efficiency effectively reduced overall energy
use per unit area. These results confirm that the proposed weeding system can significantly
enhance both operational and energy efficiency, particularly in orchards with narrow inter-
row spacing and frequent obstacles.

Keywords: Weeding robot, Variable mechanism, Orchard, Coverage, Autonomous
navigation
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Fig. 1. Main components of the autonomous orchard weeding robot platform

Table 1. Specifications of autonomous orchard robot platform and weeding system

Classification Description Specification
Robot platform Dimension (L x W x H) 1400 x 1520 x 930 mm
Weight 430 kg
Payload Max. 500 kg
Driving speed Max. 4 km/h
BLDC motor 2 kW (48 V) 3000 rpm (2ea)
Reducer ratio 551 (55-wheel rpm @ 2700 motor rpm)
Battery Li-ion 50.8 V, 150 Ah (2ea) (7.5 kWh)
Weeding system Main blade width 1800 mm
Variable blade width 450 mm (Max. total 2250 mm)
Number of weeding motors 5 (main: 4, variable: 1)
Variable mechanism Electric actuator
Sensor Contact sensor
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Fig. 2. Side-view illustration of variable-width weeding mechanism with orchard ridge
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Variable blade 7

Fig. 3. Mechanism illustrating the dynamic rotational response of the variable-width weeding device based
on bumper sensor displacement
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Fig. 4. Experimental orchards and driving route strategies: (a) Chungcheongbuk-do Agricultural Research &
Extension Se)rvices (orchard width: 3.5 m), (b) National Institute of Horticultural and Herbal Science (orchard
width: 4.0 m
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Fig. 4. Visualization of weeding coverage under two operation modes: (a) fixed-width only operation, and (b)
combined operation with variable-width blade
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Table 2. Summary of weeding performance for fixed-width and variable-width blade configurations
across four driving path scenarios
Route Fixed-width coverage (%) Fixed-width overlap (%) V ariable-width coverage (%) Total coverage (%)

A 87.36 17.21 27.67 99.83
B 92.29 0.21 2.97 95.26
C 92.43 5.83 12.61 99.97
D 91.70 0.26 6.11 97.81
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Table 3. Incremental coverage and energy efficiency when adding a variable-width blade

Route ACoverage (%p) Energy Cost Index (AE/AC) ~

A 12.47 1.82

B 2.97 7.64

C 7.54 3.01

D 6.11 3.71

#|

Energy Cost Index (AE/AC) = Additional energy consumption rate (22.7%) divided by ACoverage; lower values
indicate better energy efficiency.
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Conclusion
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