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(54) A WEEDING MACHINE AND A METHOD FOR CARRYING OUT WEEDING USING THE WEEDING 
MACHINE

(57) The present invention relates to a weeding ma-
chine (1) and a method for carrying out weeding using
the weeding machine. The weeding machine comprises
a movable platform (3), a weeding mechanism (6) com-
prising a weeding tool (8) adapted to carry out a weeding
action upon receiving an activation command, a plant
detection system (10) adapted to detect plants while the
platform is moving, to determine the positions of the de-
tected plants, and the type of the detected plants, and a

weeding control unit (12) for controlling the weeding
mechanism (6). The weeding control unit (12) is config-
ured to determine whether the detected weed plants fulfil
a safety distance from the crop plants, to calculate an
optimal tool activation position for the weed plants that
fulfil the safety distance, and to send an activation com-
mand to the weeding mechanism when the tool has
reached the optimal tool activation position.
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Description

Technical field

[0001] The present invention relates to weeding ma-
chine and a method for carrying out weeding using the
weeding machine. The invention relates to the technical
field of agricultural machinery applications.

Background

[0002] Today, it is common to use chemical weeding
of farmland. A disadvantage of chemical weeding is that
the herbicide is wasteful and easily pollutes the environ-
ment. Mechanical weeding, such as cutting, is better for
the environment but is more time-consuming.
[0003] Weeding machines, also named weeding ro-
bots, are used to automatically remove weeds during the
seedling stage of crops. Weeding machines are suitable
for crops that grow in rows such as corn, bean and onion.
Weeds can be classified into "inter-row weeds" and "in-
row weeds" according to spatial distribution characteris-
tics. The so-called "inter row weeds" refer to weeds that
grow between two rows of crops; while "in-row weeds"
refer to weeds that grow in a crop line, that is, weeds that
are in the same line as the crop.
[0004] CN101707992 discloses a weeding robot com-
prising a trolley, an automatic navigation and crop rec-
ognition camera and a control system. The weeding de-
vice comprises an inter-row cutting mechanism arranged
under the trolley, and an in-row weeding mechanism. The
inter-row cutting mechanism comprises a first weeding
tool that removes the weed below the trolley during
traveling of the trolley. The in-row weeding mechanism
comprises a herbicide application roller and a weed cut-
ting roller protruding from the trolley. The outer surface
of the weed cutting roller has a blade edge rotating at
high speed and the weed are cut due to the high-speed
rotation of the roller. The inter-row cutting mechanism
comprises two spaced apart rotating cylindrical saw
discs. The saw discs are arranged movable in a horizon-
tal as well as a vertical direction. The weeding robot de-
tects the crops. The rotating saw discs are moved be-
tween two crops in the row while removing the weed be-
tween the crops in the row. When the saw discs are ap-
proaching the crop, the saw discs are moved away from
each other in a horizontal direction to avoid removing the
crop. After bypassing the crop, the two saw discs are
restored from their separated position to a close position.
By this cycle, the weeds in the crop rows can be removed
without the need of identifying the weeds. A problem with
this weeding robot is that it needs two cutting mecha-
nisms to be able to cut weeds between the crops in the
row as well as weeds close to the rows. Another problem
is that the rotating saw discs will stir the soil when they
are moved along the row of crops. This causes stirring
of weed seed in the soil, and consequently stimulates
growing of the weed seeds.

[0005] WO2019083336 discloses a method for distin-
guishing weeds from the crops in rows of crops using
neural network technique. Images of crops and weeds
are used to train the neural network. Information on the
locations of rows of crops and information on the loca-
tions of weeds on the rows can be transmitted to a weed-
ing machine so as to allow the weeding machine to trans-
fer the weeding tool thereof to the corresponding loca-
tions and to perform weeding. However, this document
teaches how to distinguish weeds from crops, but it does
not teach how to control the weeding machine to remove
the detected weed and to avoid removing the crops.

Summary

[0006] It is an aim of the present invention to at least
partly overcome some of the above problems, and to
provide an improved weeding machine.
[0007] This aim is achieved by a weeding machine as
defined in claim 1.
[0008] The weeding machine comprises:

- a movable platform,
- a drive mechanism for driving the platform,
- a weeding mechanism connected to the platform

comprising a weeding tool adapted to carry out a
weeding action upon receiving an activation com-
mand,

- a plant detection system adapted to:

+ detect plants at a distance ahead of the weed-
ing tool while the platform is moving in a first
direction,
+ determine the positions of the detected plants,
and
+ determine the type of the detected plants, the
type being an indication whether the detected
plants are weed plants or crop plants, and

- a weeding control unit for controlling the weeding
mechanism, wherein the weeding control unit com-
prises a data processing circuitry configured to:

+ receive information on the speed of the plat-
form,
+ receive the positions and type of the detected
plants from the plant detection system,
+ determine whether the weed plants fulfil a safe-
ty distance from the crop plants based on the
positions of the plants,
+ determine the next weed plant for which a
weeding action is to be carried out,
+ calculate an optimal tool activation position
based on the position of the next weed plant,
the current position of the tool in the first direc-
tion, and the speed of the platform, and
+ send an activation command to the weeding
mechanism when the tool has reached the op-
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timal tool activation position.

[0009] The weeding machine enables efficiently re-
moval of weed plants without damage of the crop plants.
The weeding machine makes it possible to remove weed
plants located at a distance from as well as near the crop
plants. Another advantage with the present invention is
that the weeding tool is only activated when there are
weeds to be removed. Thus, the soil is not unnecessarily
affected, and accordingly growing of weed seeds is less
stimulated.
[0010] The safety distance can be a constant distance
between the weed plant and the crop plant, or the safety
distance may vary in dependence on the size or type of
the crop. The length of the safety distance depends on
the size of the crop plant. For example, when the crops
are growing and become larger, the safety distance can
be changed.
[0011] The plant detection system detects plants at a
distance ahead of the weeding tool while the platform is
moving in a first direction. This means that the plants are
detected before the tool reaches the plants. Thus, there
is time to determine whether the weed plant fulfils the
safety distance to neighbouring crop plants and time to
calculate an optimal tool activation position before the
tool reaches the weed plant. The tool is activated when
the tool reaches the calculated optimal tool activation po-
sition. Depending on the type of tool, it will take some
time from the tool is activated until it can remove the
weed. For example, if the tool must be moved to the weed
to be able to remove the weed, the time to carry out the
movement of the tool must be considered when calcu-
lating the optimal tool activation position. With an optimal
tool activation position is meant a tool position estimated
relative to the weed plant at which tool position the tool
should be activated to have enough time be able to carry
out the removal of the weed plant while the platform is
moving. How the optimal tool activation position is cal-
culated depends on the type of the tool. The tool can, for
example, be a cutting tool, a spraying tool or a laser. Due
to the fact that the tool is activated at the calculated op-
timal tool activation position, it is possible to efficiently
remove selected weed plants.
[0012] The first direction is the driving direction of the
platform. Preferably, the platform is controlled to follow
a row of crop plants.
[0013] According to some aspects, the weeding control
unit comprises a data buffer, and the weeding control
unit is adapted to sort the weed plants that fulfil the safety
distance in dependence on their positions, to store the
sorted weed plants in the data buffer, and to retrieve the
next weed plant for which a weeding action is to be carried
out from the data buffer. The weed plants are sorted ac-
cording to their positions in the driving direction of the
platform before they are stored in the data buffer. Thus,
it is possible to retrieve the closest weed plant from the
data storage.
[0014] According to some aspects, the weeding mech-

anism comprises an actuator adapted to upon activation
linearly move the weeding tool in a forth and back move-
ment relative to the platform in a second direction be-
tween an initial tool position and a variable tool position,
and said weeding control unit is adapted to determine
the distance between the initial tool position and the po-
sition of the next weed plant in the second direction, and
to control the actuator so that the weeding tool is moved
at the determined distance in the second direction upon
receiving the activation command. This makes it possible
to move the tool to the position of the weed plant for
carrying out the weeding action directly on the weed
plant. Thus, it is possible for the tool to reach weed plants
in different positions relative to the platform and accord-
ingly at different distances from the platform in the second
direction.
[0015] According to some aspects, the actuator is con-
figured to move the weeding tool between the initial tool
position and a maximum tool position. For example, the
distance between the initial tool position and a maximum
tool position is between 0.2 m and 0.5 m.
[0016] According to some aspects, the weeding control
unit is adapted to determine whether it is possible for the
tool to reach the calculated optimal tool activation posi-
tion based on the current position of the tool, and to re-
trieve a new weed plant from the data buffer if it is not
possible to reach the calculated optimal tool activation
position. If it is possible to reach the calculated optimal
tool activation position, the activation command is sent
to the weeding mechanism when the tool has reached
the optimal tool activation position. Thus, weed plants,
which are located too close to the tool in the direction of
travel to be able to be removed by the tool, are skipped.
For example, if the tool has recently removed a weed
plant and the tool is located at a distance away from its
initial position, it takes some time to move the tool back
to the initial position. If there is a short distance between
the current position of the tool in the direction of travel
and the calculated optimal tool activation position, the
time to move the tool to the weed plant can be too short
for the tool to reach the weed plant.
[0017] According to some aspects, the weeding control
unit is adapted to calculate the time needed for moving
the tool to the position of the next weed plant based on
a predetermined formula for the time needed for carry
out a weeding action in dependence on the distance be-
tween the between the initial position of the tool and the
position of the next weed plant in the second direction,
and to determine the optimal tool activation position
based on the current speed of the platform, the calculated
time needed for carry out the weeding action, and the
position of the weed plant in the first direction. The for-
mula for the time needed for carry out the weeding action
depends on the weeding tool and can be determined em-
pirically.
[0018] According to some aspects, the angle between
the first and second directions is more than 45°, and pref-
erably more than 60°.

3 4 



EP 3 811 748 A1

4

5

10

15

20

25

30

35

40

45

50

55

[0019] According to some aspects, the first and second
directions are substantially perpendicular.
[0020] According to some aspects, said weeding tool
is a cutting tool having a cutting edge arranged substan-
tially perpendicular to the second direction. This type of
tool makes it possible to carry out a precise cut when the
tool is moved in the second direction. Accordingly, it is
possible to cut a selected weed plant without cutting
neighbouring crop plants in the row.
[0021] According to some aspects, said actuator com-
prises a horizontal shaft movable in said linear direction,
a vertical distance element attached to one end of the
horizontal shaft, a motor arranged to move the horizontal
shaft along its axis so that the weeding tool is moved in
said forth and back movement relative to the platform,
and the weeding tool is attached to a lower end of the
vertical distance element.
[0022] According to some aspects, the weeding ma-
chine comprises a support unit movably connected to the
platform to allow the support unit to move relative to the
platform in a vertical direction during movement of the
platform, the support unit comprises a support wheel,
and the weeding mechanism is attached to support unit.
Thus, the tool will follow the topology of the ground.
[0023] According to some aspects, the plant detection
system comprises a sensor for detecting the plants,
which sensor is attached to the support unit. Thus, the
sensor will follow the topology of the ground.
[0024] According to some aspects, the plant detection
system comprises a sensor for detecting the plants and
a vision system. For example, the sensor for detecting
the plants is a camera.
[0025] According to some aspects, the drive mecha-
nism for driving the platform comprises one or more sen-
sors for measuring the speed of the platform and the data
processing circuitry of the weeding control unit is config-
ured to obtain information on the speed of the platform
from the drive mechanism. The sensors are, for example,
encoders arranged on the wheels of the platform to meas-
ure the speed of the platform.
[0026] The aim is also achieved by method for carrying
out weeding using a weeding machine according to the
invention.
A method for carrying out weeding using a weeding ma-
chine comprising a movable platform and a weeding
mechanism connected to the platform and comprising a
weeding tool adapted to carry out a weeding action upon
receiving an activation command, wherein the weeding
tool has a known initial position relative to the platform
and the method comprises:

- detecting plants at a distance ahead of the weeding
tool while the platform is moving in a first direction,

- determining the positions of the detected plants,
- determining whether the detected plants are weed

plants or crop plants,
- determining whether the weed plants fulfil a safety

distance from the crop plants based on the positions

of the plants,
- determining the next weed plant for which a weeding

action is to be carried out,
- obtaining information on the speed of the platform,
- calculating an optimal tool activation position based

on the position of the next weed plant, the current
position of the tool in the first direction, and the speed
of the platform, and

- sending an activation command to the weeding
mechanism when the tool has reached the optimal
tool activation position.

[0027] As easily understandable, some of the steps in
the method claims can be carried out in a different order.
The term "obtain information" covers receiving informa-
tion as well as retrieving the information.
[0028] According to some aspects, the method com-
prises:

- sorting the weed plants that fulfil the safety distance
in dependence on their positions in the first direction,

- selecting the next weed plant for which a weeding
action is to be carried out based on the sorting. Pref-
erably, the weed plant closest to the current position
of the tool is selected.

[0029] According to some aspects, the weeding mech-
anism comprises an actuator adapted to upon activation
linearly move the weeding tool in a forth and back move-
ment relative to the platform in a second direction be-
tween the initial position of the tool and a variable second
position, and the method comprises determining the dis-
tance between the initial tool position and the position of
the next weed plant in the second direction, and moving
the weeding tool the determined distance upon receiving
the activation command.
[0030] According to some aspects, the step calculating
the optimal tool activation position comprises calculating
the distance between the initial position of the tool and
the position of the next weed plant in the first direction,
calculating the time needed for moving the tool to the
position of the next weed plant based on a predetermined
formula for the time needed for carrying out a weeding
action in dependence on the distance between the initial
position of the tool and the position of the next weed plant
in the second direction, and determining the optimal tool
activation position based on the current speed of the plat-
form, the calculated time needed for carry out the weed-
ing action, and the distance between the initial position
of the tool and the position of the next weed plant in the
first direction.

Brief description of the drawings

[0031] The invention will now be explained more close-
ly by the description of different embodiments of the in-
vention and with reference to the appended figures.
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Fig. 1 is a schematic perspective view of an example
of a weeding machine according to the invention.
Fig. 2 shows the weeding machine in a side view.
Fig. 3 shows a block diagram of an example of a
weeding control unit and a plant detection system.
Fig. 4a shows the weeding machine in a front view
with the weeding tool in the initial position.
Fig. 4b shows the weeding machine in a front view
with the weeding tool performing a weeding action.
Fig. 5 shows an example of how the tool is moved
between the initial tool position and the weed plants
during weeding.
Fig. 6 illustrates how to calculate an optimal tool ac-
tivation position.

Detailed description

[0032] Figures 1- 2, 4a-4b show an example of a weed-
ing machine 1 in different views. The weeding machine
1 comprises a movable platform 3, a drive mechanism
for driving the platform 3, and a weeding mechanism 6
connected to the platform for carrying out weeding of
weed plants. The weeding mechanism 6 comprises a
weeding tool 8 adapted to carry out a weeding action
upon receiving an activation command. In this example,
the weeding tool 8 is arranged in front of the platform 3.
Preferably, the weeding tool 8 has a fixed position relative
to the platform 3 in the first direction. Thus, the current
position of the tool in the first direction is known if the
current position of the platform is known. In this example,
the weeding tool 8 is arranged movable relative to the
platform in a vertical direction so that the tool 8 will stay
close to the ground independently of variations in the
ground level. Alternatively, the weeding tool 8 is fixedly
attached to the platform.
[0033] The purpose of the weeding action is to remove
or kill the weed plant. Different types of weeding tools
can be used. For example, the weeding tool can be a
cutting tool, a laser, a spraying nozzle, or a gas nozzle.
The weeding action to be carried out upon receiving the
activation command depends on the type of the weeding
tool. For example, if the weeding tool is a cutting tool, the
cutting tool is moved to the weed plant to be removed
with a certain speed upon receiving the activation com-
mand.
[0034] The weeding machine 1 comprises a plant de-
tection system 10 adapted to detect plants at a distance
ahead of the weeding tool 8 while the platform 3 is moving
in a first direction x, to determine the positions of the
detected plants, and to determine the type of the detected
plants. The type of the plants being an indication whether
the detected plants are weed plants or crop plants. Thus,
the plant detection system 10 is capable to distinguish
between weed plants and crop plants, and to determine
the positions of the weed plants and the crop plants. The
first direction x is the direction of travel of the platform.
The plant detection system 10 comprises a sensor 11
arranged in connection to the platform for identifying the

plants. The sensor 11 is adapted to generate images of
the plants. The sensor 11 is mounted at a distance above
the weeding tool 8 in a vertical direction z, and at a dis-
tance in front of the weeding tool 8 in the first direction
x, as shown in figure 2. Thus, it is possible to detect a
weed plant at a point of time before the tool passes by
the weed plant. The distance between the tool and the
sensor 11 in the first direction x is fixed and known. Suit-
ably, there is a sensor coordinate system having its origin
in the sensor and the position of the plants and the po-
sition of the tool is determined in the sensor coordinate
system. The sensor 11 is arranged so that it has a field
of view including a distance in front of the tool in the first
direction x. Preferably, the sensor is arranged so that the
tool 8 is within the field of view of the camera. Thus, it is
easy to determine the distance between the tool and the
weed plants based on the images from the sensor.
[0035] For example, the sensor 11 is a camera taking
images in the form of photos of the ground in front of the
weeding tool 8. Alternatively, the sensor 11 can be an
energy reflection analysis sensor such as a laser sensor.
In this example, the sensor 11 is a camera mounted at
a distance above and in front of the weeding tool 8.
[0036] For example, the plant detection system 10
comprises a vision system arranged to obtain the images
from the sensor 11. The vision system is adapted to de-
tect the plants and to determine the positions of the de-
tected plants based on the received images. The vision
system is further adapted to determine whether the de-
tected plants are weed plants and crop plants based on
the images. This is, for example, done by using neural
networks technique, as described in WO2019083336.
Images of crops and weeds are used to train the neural
network.
[0037] The weeding machine 1 further comprises a
weeding control unit 12 for controlling the weeding mech-
anism 6. The weeding control unit 12 comprises a data
processing circuitry configured to obtain information on
the speed of the platform from the drive mechanism, to
obtain the positions and type of the detected plants from
the plant detection system 10, to determine whether the
weed plants fulfil a safety distance from the crop plants
based on the positions of the plants, to determine the
next weed plant for which a weeding action is to be carried
out, to calculate an optimal tool activation position based
on the position of the next weed plant, the current position
of the tool in the first direction, and the speed of the plat-
form, and to send an activation command to the weeding
mechanism when the tool has reached the optimal tool
activation position. The plant detection system 10 and
the weeding control unit 12 may share the same data
processing circuitry. The data processing circuitry can
be any suitable means for processing data, such as a
computer, a CPU, and programmable circuit, such as
FPGAs.
[0038] To avoid damages on the crop plants, the weed-
ing control unit is adapted to determine for each detected
weed plant whether the weed plant fulfils a safety dis-
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tance between the weed plant and neighbouring crop
plants. This is done by comparing the positions of the
weed plant and the crop plants and determine if the short-
est distance between them is larger than the safety dis-
tance. The weed plant fulfils the safety distance if the
distance between the weed plant and the neighbouring
crop plants is larger than the safety distance. The safety
distance can be predetermined. The length of the safety
distance depends on the size and type of the crop plant.
The safety distance can be a predetermined distance
between the weed plant and the crop plant. For instance,
the safety distance can be between 1 - 3 cm, and pref-
erably between 1.5 and 2 cm. Alternatively, the safety
distance may vary in dependence on the size or type of
the crop. For example, when the crops are growing and
become larger, the safety distance can be increased. If
the weed plant fulfils the safety distance to the neigh-
bouring crop plants, the weed plant can be removed with-
out risk of damaging the crop plant.
[0039] If the weed plant fulfils the safety distance, but
is located on an opposite side of a crop plant compared
to the tool, there may be a risk that tool will damage the
crop plant on its way to the weed plant. In such case, the
weeding action can be postponed until the weeding ma-
chine travels on the other side of the row and it will be
safe to cut the weed plant. Alternatively, the weeding
machine may comprise two weeding mechanisms ar-
ranged spaced apart in the second direction, which can
operate independently of each other and simultaneously
carry out weeding on opposite sides of a row of crop
plants. Each of the weeding mechanisms comprises a
tool, and thus the tools can be located on opposite sides
of the row. In such embodiment, the weeding control unit
12 can be adapted to select the tool closest to the weed
plant in the Y-direction. For example, the selection is
done depending on where the weed plant is in the field
of view of the camera. For each tool, there can be a for-
mula which is used to calculate the time it takes to beat
weeds. In this way, two completely different tools with
different stroke rates can be used.
[0040] The platform 3 is provided with a plurality of
wheels 14. In this example, the platform is provided with
six wheels 14. However, the number of wheels may vary.
The drive mechanism for driving the platform comprises
a plurality of motors 15. Preferably, each of the wheels
14 is provided with one motor 15 for actuating the wheel.
The motors are, for example, electrical hub motors
mounted on the wheels. In one aspect, each of the motors
is provided with a sensor 16 for determining the speed
of the wheel. For example, each of the motors is provided
with an encoder for determining the angular position of
the motor 15. The drive mechanism of the platform 3
further comprises a platform control unit 18 for controlling
the motions of the platform. The outputs from the sensors
16 are sent to the platform control unit 18. The platform
control unit 18 is configured to determine the speed of
the platform 3 based on the output from the sensors 16.
Optionally, platform control unit 16 may comprise a GPS

for determining the position of the platform in a world
coordinate system. The platform control unit 18 may also
comprise an IMU (Inertial Measurement Unit) for deter-
mining the position and orientation of the platform. Op-
tionally the platform control unit 18 is configured to cal-
culate the speed of the platform based on the output from
the sensors 16 as well as output from the GPS and the
IMU. This will improve the accuracy of the calculated
speed of the platform. Information on the current speed
of the platform is sent to the weeding control unit 12 from
the platform control unit 18.
[0041] The platform control unit 18 comprises a
processing circuitry configured to determine a path for
the platform and to control the motions of the wheels so
that the platform follows the determined path. The plat-
form control unit 18 controls the speed and the direction
of the wheels. The platform control unit 18 is configured
to obtain the positions of the crop plants and to determine
the path for the platform based on the positions of the
crop plants so that the platform follows the row of crop
plants. For example, the platform control unit 18 receives
the positions of the crop plants from the plant detection
system 10. Optionally, the platform control unit 18 may
comprise a second vision system including a second
camera for detecting the crop plants and to determining
the positions of the crop plants.
[0042] In one example, the weeding machine 1 com-
prises a support unit 36 movably connected to the plat-
form 3 to allow the support unit to move relative to the
platform in a vertical direction z during movement of the
platform, as shown in figure 2. The support unit 36 com-
prises a support wheel 38. The weeding mechanism 6
including the weeding tool 8 is attached to support unit
38. Further, the sensor 11 for identifying the plants is
attached to the support unit 36. Thus, the positions of the
sensor 11 and the weeding tool are fixed relative to each
other, but movable relative to the platform in the vertical
direction z.
[0043] Figure 3 shows a block diagram of an example
of a weeding control unit 12 and a plant detection system
10. The weeding control unit 12 comprises the data
processing circuitry 13 and a data buffer 20 for storing
weed plants that fulfil the safety distance. The plant de-
tection system 10 comprises the sensor 11 and a vision
system 22 configured to obtain images from the sensor
11. The vision system 22 may comprise a data process-
ing circuitry of its own or share the same data processing
circuitry as the weeding control unit. The plant detection
system 10 is configured to send information on positions
and type of detected plants to the weeding control unit
12. The weeding control unit 12 receives information on
the current speed of the platform from the platform control
unit 18. The weeding control unit 12 is configured to gen-
erate an activation command for the weeding tool 8 based
on the current speed of platform, the current position of
the tool in the first direction x, and the positions of the
weed plants. The current position of the tool in the first
direction is known with respect to the sensor coordinate
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system since the relation between the position of the tool
8 and the position of the sensor 11 in the first direction
is known. The activation command is sent to the weeding
mechanism 6.
[0044] In one example, the data processing circuitry
13 is configured to sort the detected weed plants that
fulfil the safety distance in dependence on their positions,
and to store the sorted weed plants in the data buffer 20.
The weed plants are sorted in dependence on their po-
sitions with respect to the current position of the tool.
Suitably, the weed plants are sorted so that the weed
plants closest to the current position of the tool are first
in the buffer, since they must be removed before the weed
plants situated further away from the tool are removed.
The data processing circuitry 13 is configured to retrieve
the next weed plant for which a weeding action is to be
carried out from the data buffer 20. The next weed plant
should be the weed plant closest to the current position
of the tool. This is the first weed plant in the buffer due
to the sorting of the weed plants. Suitably, the weed plant
is discarded if the distance between the current tool po-
sition in the first direction is too short for the tool to be
able to remove the weed plant.
[0045] When the next weed plant has been retrieved
from the data buffer, the weeding control unit calculates
an optimal tool activation position. The optimal tool acti-
vation position is an estimated position relative to the
weed plant at which the tool should be activated to have
enough time be able to carry out the removal of the weed
plant while the platform is moving. How the optimal tool
activation position is calculated depends on the type of
tool. Due to the fact that the tool is activated at the cal-
culated optimal tool activation position, it is possible to
efficiently remove selected weed plants.
[0046] In one example, the weeding mechanism 6
comprises an actuator 24 adapted to upon activation lin-
early move the weeding tool 8 in a forth and back move-
ment relative to the platform 3 in a second direction y
between an initial tool position yTI and a variable tool
position, as shown in figure 1. The second direction y
differs from the first direction x. Preferably, the angle be-
tween the first and second directions is more than 45°,
and more preferably more than 60°. Most preferably, the
second direction y is perpendicular to the direction of
travel of the platform, i.e. perpendicular to the first direc-
tion x. In this example, the weeding tool 8 can be a cutting
tool or a nozzle for spraying gas or herbicide.
[0047] For example, the weeding tool 8 is a cutting tool
having a cutting edge 30 arranged substantially perpen-
dicular to the second direction y to be able to cut the
weed plants during the linear movement of the cutting
tool 8, as shown in figure 1.
[0048] In the following, the first direction is denoted the
x direction and the second direction is denoted the y di-
rection.
[0049] Figure 4a shows the weeding machine 1 in a
front view with the weeding tool 8 in the initial tool position.
The initial tool position is meant the initial position of the

tool in the y direction. When the tool has removed a weed
plant, for example, cut the weed plant, the tool returns to
its initial position. Preferably, the tool should always re-
turn to the initial position before it starts a new forth and
back movement. The tool can be in the initial position
when it is not in use, i.e. before and after it has been
activated. The initial position is the start position and the
end position of the forth and back movement of the tool
in the y direction. The actuator 24 may comprise a motor
26 for moving the tool in the y direction, as shown in figure
2. To be able to know the current position of the tool 8 in
the y direction, the actuator 24 is provided with a sensor
28 for measuring the position of the tool. For example,
the sensor 28 is an encoder arranged on the motor 26.
[0050] The actuator 24 may comprise a horizontal shaft
32 movable in the y direction and a vertical distance el-
ement 34 attached to one end of the horizontal shaft 32.
The actuator 24 may comprise two horizontal shafts 32
arranged in parallel as shown in figure 4b. The motor 26
is arranged to move the horizontal shaft 32 along its axis
so that the weeding tool 8 is moved in the forth and back
movement relative to the platform. The weeding tool can
be attached to a lower end of the vertical distance ele-
ment 34.
[0051] Figure 4b shows the weeding machine in a front
view when the weeding tool 8 is performing a weeding
action. The actuator 24 is capable to move the weeding
tool 8 between the initial tool position and a maximum
tool position. For example, the distance between the in-
itial tool position and the maximum tool position is be-
tween 0.2 m and 0.5 m. The tool is moved to and from
the weed plant during the forth and back movement of
the tool. The distance the tool must be moved in the y
direction to be able to remove the weed plant depends
on the distance (Δy) between the initial tool position yTI
and the position yw of the weed plant in the y direction.
The weeding control unit 12 is adapted to determine the
distance (Δy) between the initial tool position and the po-
sition of the weed plant in the y direction, and to control
the actuator so that the weeding tool is moved the deter-
mined distance (Δy) in the y direction upon receiving the
activation command.
[0052] Figure 5 shows an example of the path of the
weeding tool 8 when the tool is moved between the initial
tool position (xTI) and the weed plants W during weeding.
The crop plants are denoted C in the figure 5. The safety
distance d is indicated with dotted circles around the crop
plants.
[0053] Figure 6 illustrates how to calculate an optimal
tool activation position xOPT. The tool 8 is fixed relative
to the platform 3 and the sensor 11 in the x direction, and
movable relative to the platform in the y direction. The
initial tool position xTI is known since it is fixed relative to
the platform and the sensor 11. The optimal tool activa-
tion position xOPT depends on the distance Δy between
the initial tool position yTI and the position yW of the weed
plant in the y direction, the position xw of the weed plant
in the x direction, and the current speed V of the platform.
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The calculations of the optimal tool activation position
are suitably made in the sensor coordinate system having
an origin defined in a centre of the sensor 11, such as
the centre of the camera. The positions (xW, yW) of the
weed plants are suitably determined in the sensor coor-
dinate system. This means that the position of a weed
plant is the distance from the centre of the sensor 11 in
the x and y directions at a predetermined height.
[0054] The position xT of the tool in the x direction is
known since the tool is fixed relative to the sensor 11 in
the x direction. The distance Δx between the weed plant
and the tool in the x-direction can be calculated as: Δx =
xW - xT. The distance Δy between the weed plant and the
initial position of the tool in the y-direction can be calcu-
lated as: Δy = yW - yTI.
[0055] The speed V of the platform 3 in the x-direction
can be determined based on the output from the sensors
16 on the wheels 14. Optionally, the speed V of the plat-
form can also be determined based on the output from
a GPS and an IMU located on the platform.
[0056] The optimal tool activation position xOPT de-
pends on the time THIT needed to carry out a weeding
action, i.e. the time needed to move the tool in the y-
direction from the initial tool position yTI to the position
yW of weed plant and to carry out the weeding action. To
determine the time THIT a predetermined formula can be
used. The formula reflects the relation between the time
THIT needed to carry out a weeding action and the dis-
tance Δy between the weed plant and the initial position
of the tool in the y direction. The time THIT depends on
the type of the tool and the speed of the tool in the y-
direction. If the tool is a cutting tool, high speed of the
tool in the cutting moment is crucial for the result of the
cutting. For example, the speed of the tool depends on
the shape and sharpness of the tool. During the move-
ment of the tool in the y direction, the tool must be accel-
erated to the desired speed and then deaccelerated be-
fore it can be moved back to the initial position. The for-
mula for calculating THIT can be empirically determined
by carrying out a large number of tests and measuring
the time it takes to carry out the weeding action for dif-
ferent distances Δy between the weed plant and the initial
position of the tool. 

where f(Δy) is a function determined based on tests, and
Δy is the distances in the y-direction between the initial
position yTI.of the tool and the position of the weed plant
yW. The function f(Δy) derived depends on the tool. The
function f(Δy) can be linear of non-linear.
[0057] Find below an example of a formula for calcu-
lating the time THIT needed to carry out a weeding action
in dependence on the distances Δy for the cutting tool 8
shown in figure 1, which cut the weed plants during the
linear movement of the cutting tool. In this case f(Δy) is
a linear function. 

[0058] Where K1 and K2 are constants and determined
based on tests. The value of the constants K1 and K2
depends on tool, such as the sharpness of the tool. Thus,
different tools will have different values of the constants
K1 and K2.
[0059] In a next step, the distance DHIT that the plat-
form travels in the x-direction during the time THIT it takes
to carry out the weeding action is calculated using the
current speed V of the platform. 

[0060] The optimal tool activation position xOPT can
then be determined by subtracting the distance DHIT from
the position xW of the weed plant in the x-direction. 

[0061] The weeding control unit 12 supervises the po-
sition of the tool in the x-direction and sends an activation
command to the weeding mechanism 6 when the tool 8
has reached the optimal tool activation position xOPT.
[0062] Suitably, the weeding control unit 12 is adapted
to determine whether it is possible for the tool to reach
the calculated optimal tool activation position xOPT based
on the current position (xT,yT) of the tool. If it is possible
to reach the calculated optimal tool activation position,
the activation command is sent to the weeding mecha-
nism 6 when the tool 8 has reached the optimal tool ac-
tivation position xOPT. For example, if the tool has not yet
reached the optimal tool activation position xOPT and the
tool is in the initial position, it is possible to carry out the
weeding action. In that case, the weeding control unit
should send an activation command to the weeding
mechanism 6 when the tool has reached the optimal tool
activation position xOPT.
[0063] If the tool has recently removed a weed plant
and the tool is located a distance away from its initial
position in the y direction, the time needed to move the
tool back to the initial position can be calculated and be
taken into account when determining whether or not it is
possible for the tool to reach the calculated optimal tool
activation position xOPT. If it is not possible to reach the
calculated optimal tool activation position, a new weed
plant can be retrieved from the data buffer, and the op-
timal tool activation position is calculated for the new
weed plant. Thus, weed plants which are located too
close to the tool in the direction of travel to be able to be
removed by the tool can be skipped. Information on the
skipped weed plants can be stored and used the next
time the weeding machine carries out weeding of the row.
[0064] Based on the above, a method for carrying out
weeding using the weeding machine 1 comprises:

13 14 



EP 3 811 748 A1

9

5

10

15

20

25

30

35

40

45

50

55

- detecting plants at a distance ahead of the weeding
tool while the platform is moving in a first direction,

- determining the positions of the detected plants,
- determining whether the detected plants are weed

plants or crop plants,
- determining whether the weed plants fulfil a safety

distance from the crop plants based on the positions
of the plants,

- determining the next weed plant for which a weeding
action is to be carried out,

- obtaining information on speed of the platform,
- calculating an optimal tool activation position based

on the position of the next weed plant, the current
position of the tool in the first direction, and the speed
of the platform, and

- sending an activation command to the weeding
mechanism when the tool has reached the optimal
tool activation position.

[0065] Most steps of the method are preferably carried
out by programming instructions executed by one or
more data processing circuitry, as described above. The
method is repeated during travelling of the weeding ma-
chine along the row of crops.
[0066] The method may further comprise sorting the
weed plants that fulfil the safety distance in dependence
on their positions and selecting the next weed plant for
which a weeding action is to be carried out based on the
sorting. Preferably, the weed plant closest to the current
position of the tool is selected. The method may further
comprise storing the sorted weed plants in a data buffer
and retrieving the next weed plant for which a weeding
action is to be carried out from the data buffer.
[0067] The method may further comprise determining
the distance Δy between the initial tool position and the
position of the next weed plant in the second direction,
and moving the weeding tool the determined distance Δy
upon receiving the activation command.
[0068] The step calculating the optimal tool activation
position may comprise calculating the time needed for
moving the tool to the position of the next weed plant
based on a predetermined formula for the time needed
for carry out a weeding action in dependence on the dis-
tance Δy between the initial position of the tool and the
position of the next weed plant in the second direction,
and determining the optimal tool activation position
based on the current speed of the platform, the calculated
time needed for carry out the weeding action, and the
position of the weed plant in the y direction.
[0069] The present invention is not limited to the em-
bodiments disclosed but may be varied and modified
within the scope of the following claims. For example,
the weeding machine may comprise two weeding mech-
anisms arranged spaced apart in the second direction,
and which can operate independently of each other and
simultaneously carry out weeding on opposite sides of a
row of crop plants. The weeding machine may comprise
more than two weeding mechanisms arranged spaced

apart in the second direction so that two or more rows of
weeding plants can be weeded simultaneously.

Claims

1. A weeding machine (1) comprising:

- a movable platform (3),
- a drive mechanism (15, 18) driving the plat-
form,
- a weeding mechanism (6) connected to the
platform comprising a weeding tool (8) adapted
to carry out a weeding action upon receiving an
activation command,
- a plant detection system (10) adapted to:

+ detect plants at a distance ahead of the
weeding tool (8) while the platform is moving
in a first direction (x),
+ determine the positions of the detected
plants, and
+ determine the type of the detected plants,
the type being an indication whether the de-
tected plants are weed plants or crop plants,
and

- a weeding control unit (12) for controlling the
weeding mechanism (6), wherein the weeding
control unit (12) comprises a data processing
circuitry (13) configured to:

+ obtain information on the speed of the plat-
form,
+ receive the positions and type of the de-
tected plants from the plant detection sys-
tem (10),
+ determine whether the detected weed
plants fulfil a safety distance from the crop
plants based on the positions of the plants,
+ calculate an optimal tool activation position
(xOPT) for the weed plants that fulfil the safe-
ty distance (d) based on the positions of the
weed plants, the current position of the tool
in the first direction, and the speed (V) of
the platform, and
+ send an activation command to the weed-
ing mechanism when the tool has reached
the optimal tool activation position.

2. The weeding machine according to claim 1, wherein
the weeding control unit (12) comprises a data buffer
(20), and the weeding control unit is adapted to:

+ sort the weed plants that fulfil the safety dis-
tance (d) in dependence on their positions,
+ store the sorted weed plants in the data buffer,
and

15 16 



EP 3 811 748 A1

10

5

10

15

20

25

30

35

40

45

50

55

+ retrieve the next weed plant for which a weed-
ing action is to be carried out from the data buff-
er.

3. The weeding machine according to claim 1 or 2,
wherein the weeding mechanism (6) comprises an
actuator (24) adapted to upon activation linearly
move the weeding tool (8) in a forth and back move-
ment relative to the platform (3) in a second direction
(y) between an initial tool position (yTI) and a variable
tool position, and said weeding control unit (12) is
adapted to determine the distance (Δy) between the
initial tool position and the position of the next weed
plant in the second direction, and to control the ac-
tuator (24) so that the weeding tool (8) is moved the
determined distance (Δy) in the second direction up-
on receiving the activation command.

4. The weeding machine according to claim 3, wherein
the weeding control unit (12) is adapted to calculate
the time needed for moving the tool to the position
of a next weed plant based on a predetermined for-
mula for the time needed to carry out a weeding ac-
tion in dependence on the distance (Δy) between the
initial position of the tool and the position of the next
weed plant in the second direction, and to determine
the optimal tool activation position (xOPT) based on
the current speed (V) of the platform, the calculated
time needed for carry out the weeding action, and
the position (yw) of the weed plant in the second di-
rection.

5. The weeding machine according to claim 3 or 4,
wherein the first and second directions (x, y) are sub-
stantially perpendicular.

6. The weeding machine according to any of the claims
2 - 5, wherein said weeding tool (8) is a cutting tool
having a cutting edge (30) arranged substantially
perpendicular to the second direction (y).

7. The weeding machine according to any of the claims
2 - 6, wherein said actuator (24) comprises at least
one horizontal shaft (32) movable in the second di-
rection (y), a vertical distance element (34) attached
to one end of the horizontal shaft, a motor (26) ar-
ranged to move the at least one horizontal shaft (32)
along its axis so that the weeding tool (8) is moved
in said forth and back movement relative to the plat-
form (3), and the weeding tool (8) is attached to a
lower end of the vertical distance element (34).

8. The weeding machine according to any of the pre-
vious claims, wherein the weeding machine (1) com-
prises a support unit (36) movably connected to the
platform (3) to allow the support unit (36) to move
relative to the platform in a vertical direction (z) during
movement of the platform, the support unit (36) com-

prises a support wheel (38), and the weeding mech-
anism (6) is attached to support unit.

9. The weeding machine according to claim 8, wherein
the plant detection system (10) comprises a sensor
(11) for detecting the plants, which sensor (11) is
attached to the support unit (36).

10. The weeding machine according to any of the pre-
vious claims, wherein the drive mechanism for driv-
ing the platform comprises one or more sensors (16)
for measuring the speed (V) of the platform (3) and
the data processing circuitry (13) of the weeding con-
trol unit is configured to obtain information on the
speed of the platform from the drive mechanism.

11. A method for carrying out weeding using a weeding
machine (1) comprising a movable platform (3) and
a weeding mechanism (6) connected to the platform
and comprising a weeding tool (8) adapted to carry
out a weeding action upon receiving an activation
command, wherein the weeding tool has a known
initial position relative to the platform and the method
comprises:

- detecting plants at a distance ahead of the
weeding tool (8) while the platform (3) is moving
in a first direction (x),
- determining the positions of the detected
plants,
- determining whether the detected plants are
weed plants or crop plants,
- determining whether the weed plants fulfil a
safety distance (d) from the crop plants based
on the positions of the plants,
- determining the next weed plant for which a
weeding action is to be carried out,
- obtaining information on speed (V) of the plat-
form,
- calculating an optimal tool activation position
(xOPT) based on the position of the next weed
plant, the current position of the tool in the first
direction, and the speed of the platform, and
- sending an activation command to the weeding
mechanism (6) when the tool has reached the
optimal tool activation position.

12. The method according to claim 11, wherein method
comprises:

- sorting the weed plants that fulfil the safety dis-
tance in dependence on their positions, and
- selecting the next weed plant for which a weed-
ing action is to be carried out based on the sort-
ing.

13. The method according to claim 11 or 12, wherein the
weeding mechanism comprises an actuator adapted
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to upon activation linearly move the weeding tool in
a forth and back movement relative to the platform
in a second direction between the initial position of
the tool and a variable second position, and the meth-
od comprises determining the distance (Δy) between
the initial tool position and the position of the next
weed plant in the second direction, and moving the
weeding tool the determined distance (Δy) upon re-
ceiving the activation command.

14. The method according to claim 13, wherein step cal-
culating the optimal tool activation position compris-
es calculating the time needed for moving the tool
to the position of the next weed plant based on a
predetermined formula for the time needed for carry
out a weeding action in dependence on the distance
(Δy) between the initial position of the tool and the
position of the next weed plant in the second direc-
tion, and determining the optimal tool activation po-
sition based on the current speed of the platform,
the calculated time needed for carry out the weeding
action, and the position of the weed plant in the first
direction.

Amended claims in accordance with Rule 137(2)
EPC.

1. A weeding machine (1) comprising:

- a movable platform (3),
- a drive mechanism (15, 18) driving the plat-
form,
- a weeding mechanism (6) connected to the
platform comprising a weeding tool (8) adapted
to carry out a weeding action,
- a plant detection system (10) adapted to:

+ detect plants at a distance ahead of the
weeding tool (8) while the platform is moving
in a first direction (x),
+ determine the type of the detected plants,
the type being an indication whether the de-
tected plants are weed plants or crop plants,
and
+ determine the positions of the detected
crop plants, and

- a weeding control unit (12) for controlling the
weeding mechanism (6), wherein the weeding
control unit (12) comprises a data processing
circuitry (13) configured to:

+ obtain information on the speed of the plat-
form,
+ receive the positions and type of the de-
tected plants from the plant detection sys-
tem (10),

+ calculate an optimal tool activation position
(xOPT) based on the current position of the
tool in the first direction, and the speed (V)
of the platform, and
+ send an activation command to the weed-
ing mechanism when the tool has reached
the optimal tool activation position,

characterized in that the weeding mechanism
(6) comprises an actuator (24) adapted to upon
activation carry out a weeding action by linearly
moving the weeding tool (8) in a forth and back
movement relative to the platform (3) in a second
direction (y) between an initial tool position (yTI)
and a variable tool position,
- the plant detection system (10) is adapted to
determine the positions of the detected weed
plants,
- the data processing circuitry (13) is configured
to:

+ receive the positions of the detected weed
plants and the positions of the detected crop
plants from the plant detection system (10),
+ determine whether the detected weed
plants fulfil a safety distance from the crop
plants by comparing the positions of the
weed plant and the crop plants and deter-
mine if the distance between the weed plant
and the crop plants is larger than the safety
distance,
+ sort the weed plants that fulfil the safety
distance (d) in dependence on their posi-
tions and store the sorted weed plants in a
data buffer (20),
+ retrieve the next weed plant for which a
weeding action is to be carried out from the
data buffer,
+ determine the distance (Δy) between the
initial tool position and the position of the
next weed plant in the second direction (y),
+ calculate the optimal tool activation posi-
tion (xOPT) for the retrieved weed plant
based on the position of the weed plants
and the time needed to carry out the weed-
ing action, and
+ send an activation command to the weed-
ing mechanism when the tool has reached
the optimal tool activation position, and

the weeding control unit (12) is adapted to control
the actuator (24) so that the weeding tool (8) is
moved the determined distance (Δy) in the second
direction upon receiving the activation command.

2. The weeding machine according to claim 1, wherein
the weeding control unit (12) is adapted to calculate
the time needed for moving the tool to the position
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of a next weed plant based on a predetermined for-
mula for the time needed to carry out a weeding ac-
tion in dependence on the distance (Δy) between the
initial position of the tool and the position of the next
weed plant in the second direction, and to determine
the optimal tool activation position (xOPT) based on
the current speed (V) of the platform, the calculated
time needed for carry out the weeding action, and
the position (yw) of the weed plant in the second di-
rection.

3. The weeding machine according to claim 1 or 2,
wherein the first and second directions (x, y) are sub-
stantially perpendicular.

4. The weeding machine according to any of the claims
1 - 3, wherein said weeding tool (8) is a cutting tool
having a cutting edge (30) arranged substantially
perpendicular to the second direction (y).

5. The weeding machine according to any of the claims
1 - 4, wherein said actuator (24) comprises at least
one horizontal shaft (32) movable in the second di-
rection (y), a vertical distance element (34) attached
to one end of the horizontal shaft, a motor (26) ar-
ranged to move the at least one horizontal shaft (32)
along its axis so that the weeding tool (8) is moved
in said forth and back movement relative to the plat-
form (3), and the weeding tool (8) is attached to a
lower end of the vertical distance element (34).

6. The weeding machine according to any of the pre-
vious claims, wherein the weeding machine (1) com-
prises a support unit (36) movably connected to the
platform (3) to allow the support unit (36) to move
relative to the platform in a vertical direction (z) during
movement of the platform, the support unit (36) com-
prises a support wheel (38), and the weeding mech-
anism (6) is attached to support unit.

7. The weeding machine according to claim 6, wherein
the plant detection system (10) comprises a sensor
(11) for detecting the plants, which sensor (11) is
attached to the support unit (36).

8. The weeding machine according to any of the pre-
vious claims, wherein the drive mechanism for driv-
ing the platform comprises one or more sensors (16)
for measuring the speed (V) of the platform (3) and
the data processing circuitry (13) of the weeding con-
trol unit is configured to obtain information on the
speed of the platform from the drive mechanism.

9. A method for carrying out weeding using a weeding
machine (1) comprising a movable platform (3) and
a weeding mechanism (6) connected to the platform
and comprising a weeding tool (8) adapted to carry
out a weeding action, wherein the weeding tool has

a known initial position relative to the platform and
the method comprises:

- detecting plants at a distance ahead of the
weeding tool (8) while the platform (3) is moving
in a first direction (x),
- determining whether the detected plants are
weed plants or crop plants, and
- determining the positions of the detected crop
plants,

characterized in that the weeding mechanism (6)
is adapted to carry out a weeding action upon re-
ceiving an activation command by linearly moving
the weeding tool (8) in a forth and back movement
relative to the platform (3) in a second direction (y)
between an initial tool position (yTI) and a variable
tool position, and the method comprises:

- determining the positions of the detected weed
plants,
- determining whether the weed plants fulfil a
safety distance (d) from the crop plants by com-
paring the positions of the weed plant and the
crop plants and determine if the distance be-
tween the weed plant and the crop plants is larg-
er than the safety distance,
- sorting the weed plants that fulfil the safety dis-
tance in dependence on their positions,
- selecting the next weed plant for which a weed-
ing action is to be carried out based on the sort-
ing,
- obtaining information on speed (V) of the plat-
form,
- determining the distance (Δy) between the in-
itial tool position and the position of the next
weed plant in the second direction (y),
- calculating an optimal tool activation position
(xOPT) for the retrieved weed plant based on the
position of the weed plant, the current position
of the tool in the first direction, the speed of the
platform, and the time needed to carry out the
weeding action,
- generating an activation command when the
tool has reached the optimal tool activation po-
sition (xOPT), and
- moving the weeding tool (8) the determined
distance (Δy) in the second direction upon re-
ceiving the activation command.

10. The method according to claim 9, wherein step cal-
culating the optimal tool activation position compris-
es calculating the time needed for moving the tool
to the position of the next weed plant based on a
predetermined formula for the time needed for carry
out a weeding action in dependence on the distance
(Δy) between the initial position of the tool and the
position of the next weed plant in the second direc-
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tion, and determining the optimal tool activation po-
sition based on the current speed of the platform,
the calculated time needed for carry out the weeding
action, and the position of the weed plant in the first
direction.
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