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Abstract— Weeding is a necessary work for the growth
and quality of crops, and large and small accidents occur or
burden the workers during weeding. Therefore, to keep
workers safe and reduce work burden, research on weeders is
being conducted, and research on unmanned weeders capable
of weeding without workers is also being conducted. In this
study, we developed and tested a path-following algorithm
that can drive along pre-recorded route points for unmanned
driving and weeding of weeding robots. The path estimation
algorithm used in this study determined the driving direction
of the weeding robot based on the geometric model, which
defined the steering angle as the angle between the global path
and the straight line formed from the center coordinate point
of the robot to the target waypoint. As a result of the driving
test, the average driving error, maximum driving error, and
maximum driving error width compared to the planned route
were 0.1048m, 0.2341m, and 0.434m in the straight driving
section, and 0.1279m, 0.4101m, and 0.5208m in the turning
section.

Keywords—weeding robot, path-following, Track Vehicle,
Orchard, RTK-GNSS

[. INTRODUCTION

Weeding is one of the essential tasks for the growth and
quality of crops among various tasks performed in
agricultural fields V. However, weeding is a heavy burden
on workers, and accidents frequently occur. As a related
example, in the case of a lawn mower, the blade is broken
or foreign substances such as stones are splashed on the
worker®. In addition, in the case of weeding using a tractor-
mounted mower or riding mower, there is a burden on the
worker to drive and operate the work machine due to the
aging and femaleization of agriculture.

Research on weeders to keep workers safe and reduce
work burden has been conducted so far, and as a preceding
study, research on weeding robots that autonomous driving
using induction cables or remote control driving is being
conducted. The guided autonomous driving system with
induction cables has the advantage of continuing to be used
once buried, but the cost of burial in a large space such as
an orchard can be an economic burden for workers, and it
can be easily disconnected when digging with work tools
such as shovels and hoes®. In the remote control system that
uses remote signals to control driving and implementation,
the operator must be within a certain range for the signal
connection between the controller and the robot, which is
also a burden on the operator®.

In this study, we developed and tested a path-following
algorithm that enables driving along pre-recorded
waypoints using RTK-GNSS. The purpose of this study is
to develop an algorithm for path-following driving using
RTK-GNSS and to check whether it can be applied in the
field to reduce the burden on workers in the process of
directly or indirectly operating the machine.
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II. KINEMATICS ROBOT MODEL
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Fig. 1. Kinematics model of the weeding robot
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The unmanned weeding robot used in this study is a two-
dimensional model, and it is assumed that it only moves in
a plane on the ground. In Figure 1, the center of gravity(CG)
of the weeding robot is expressed as a kinematic equation as
shown in a fixed coordinate(X,Y). In addition, assuming
that the weeding robot moves in the x-axis direction and
rotates to the right. The inner and outer orbit tracks are
marked with ‘I’ and ‘O’ in the lower subscripts based on the
Instantaneous Center of Rotation(ICR). ICR is located on
the straight line formed by both track axes and is determined
by the ratio of the rotational speeds of both tracks®®.

In an orbit track wheel type weeding robot determines
the direction of driving and speed based on the input of the
linear velocity and angular velocity. v is the center linear
velocity value of both tracks(Vy,V;), and w is the angular
velocity value of the driving robot. From the relationship
between linear and angular velocity, the angular velocities
of the outer and inner tracks are defined as w,, w;
respectively. Assuming no slip, the contact point velocity
between each track and the ground is described as Equation
(1). In this case, r represents the track wheel radius.

Vo =1wp; Vi=r1wW,;

(M

The linear velocity and the angular velocity of the robot
can be expressed by Equations (2) and (3), and have a
relationship of Equation (4). In this case, B represents the
interval between both tracks.
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Differentiation of the robot coordinates (x,y) and
steering angle(#) over time is expressed as Equation (5),
which represents the relationship between the instantaneous

change(a’c y é)t in robot coordinates and the robot's linear
velocity and angular velocity (v w)¢. Through this, it will be
confirmed that the posture and position of the robot are
determined by the speed ratio of both tracks.
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The velocities V,, and V; of both tracks are proportional
to the distances Ry and R; from the ICR to each track and
are expressed as Equation (6). according to the relation
above equation, R, and R; have the relationship shown in
Equation (7), and the turning radius of the orbit track is
expressed by Equation (8).
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III. PATH FOLLOWING ALGORITHMS AND CONTROLLERS
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Fig. 2. Concept of the path-tracking algorithm

The path-following algorithm applied in this study is a
path-following method based on a kinematics model using
the target waypoint(X,,,1, ¥,41), and the central coordinate
point of robot(X, Y;). Using the kinematics model shown
in Figure 2, the steering angle of the weeding robot is
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calculated and the driving direction is determined. The
angle of the path vector in global coordinates to determine
the driving direction angle is calculated as in Equation (9).
To calculate the direction angle of the robot, the angle
between the global path and the straight line formed from
the center coordinate point of the robot to the target
waypoint is defined as robot direction angle(i,,), which is
calculated by Equation (10). The error between the robot
direction and the driving direction angle is defined by
Equation (11), and a PID controller is established by
Equation (12) for a control command converging the
defined error to zero.

Y, —-Y,
=tan~! (—n+1 n) 9)
¢ Xn+1 - Xn
Yo =Y,
= an™ (5 (10)
l/)p Xn+1 - Xc
€y = Yg — wp (11)
kpe¢+k1€'¢+kl)'é¢ = 0 (12)

IV. PATH GENERATION AND DRIVING TEST

The model of the weeding robot used for the driving test
is shown in Figure 3. The specification of the robot is
expressed in Table 1 below. RTK-GNSS module (TDR-
3000, SYNEREX, Korea) was installed in this weeding
robot. Route point generation and path following tests were
performed at the driving test field in the Department of
Agricultural Engineering of the Rural Development
Administration.

Fig. 3. 3D model of Unmanned Weeding robot platform

TABLE I. SPECIFICATION OF WEEDING ROBOT PLATFORM
Description Specification
Size 930 x 1,400 x 1,520 mm
DrivingSpeed Max. 4 Km/h
Drive Source Electric Battery 50.8V/120Ah*2ea (12.2kWh)

The path planning was set to a total travel distance of
42.9m, traveling back and forth in a U-shape to an arbitrary
point using the signal of the RTK-GNSS module. It was set
to straight drive 18.31m along the orchard row from the
starting point, turn 6.28.m away from the end of the road in
the orchard, move to the next orchard row, and straight drive
18.31m.



The driving test was repeated three times on an asphalt
pavement without a slope. The driving linear speed was
fixed at 2 km/h, and when it deviated from the route, the
speed of each wheel was changed to converge to the planned
route within the error range. For the driving error, the result
of calculating the vector dot product Equation (13) for the
shortest distance from the planned path to the robot
coordinates was used.

Lateral Error
_ (Xn - XC)(Yn+1 - YC) - (Yn - YC)(Xn+1 - XC)

\/(Xn+1 = Xc)? + (Ynyr — Y)?

(13)

Figure 4. shows the result of the lateral error according
to the driving distance of the 1st driving test conducted on
the planned route. In the straight section, it was driven
within the maximum deviation of 20 cm from the planned
route, and it was confirmed that it converged even if it
deviated from the driving route. In the turning section, the
maximum deviation value within 30 cm was confirmed.

04

03 3
02 . vk

E o LN, E Y 1 E \ -

et TR S 111 4 TRRERNE .

3 7 ¥

§o PR w&. *
-0.2 "
203 Tuming section
-04

0 5 10 15 20 25 30 35 40 45
driving distance [m]

Fig. 4. Lateral position error according to driving distance

Figure 5. shows the total driving test results, with the
maximum average driving error (blue), maximum driving
error(green), and maximum driving error width(red)
compared to the planned route. 0.1048m, 0.2341m, 0.434m
in the straight driving section, and 0.1279m, 0.4101m,
0.5208m in the turning section.
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Fig. 5. Lateral deviation according to driving section

Considering that the width between rows of fruit trees in
the current apple orchard is 3~4m, this weeding robot is
expected to be available for orchard field testing. Advanced
technology development in orchards is expected to sustain
sustainable agricultural production even in the aging and
labor-short farms in orchard weeding.
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