w0 2022/136249 A1 | NI 00000 K000 0 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2022/136249 Al

(72) Inventors: KAWABATA, Masahiro;, c/o Kubota Hold-
ings Europe B.V., Hoofdweg 1264, 2153LR Nieuw-Vennep

30 June 2022 (30.06.2022) WIPO | PCT
(51) International Patent Classification:
A01G 3/08 (2006.01) A01G 9/14 (2006.01)
A01D 46/30 (2006.01)

(21) International Application Number:
PCT/EP2021/086750

(22) International Filing Date:
20 December 2021 (20.12.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
20216985.0 23 December 2020 (23.12.2020) EP
(71) Applicant: KUBOTA CORPORATION [—/JP]; 2-47,

Shikitsuhigashi 1-chome, Naniwa-ku, Osaka-shi, Osaka,
5568601 (JP).

(NL). BOUTEN, Max; c/o Kubota Holdings Europe B.V.,
Hoofdweg 1264, 2153LR Nieuw-Vennep (NL). SANTOS,
Leandro O.; c/o Kubota Holdings Europe B.V., Hoofdweg
1264, 2153LR Nieuw-Vennep (NL). VAN DER VLUGT,
Peter; c/o Kubota Holdings Europe B.V., Hoofdweg 1264,
2153LR Nieuw-Vennep (NL).

Agent: BITTNER, Thomas L., BOEHMERT &
BOEHMERT Anwaltspartnerschaft mbB, Hollerallee 31,
28209 Bremen (DE).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,

(54) Title: METHOD FOR DETERMINING OUTPUT DATA FROM CROP PLANT CHARACTERISTICS FOR A CROP PLANT,
METHOD FOR CONTROLLING OPERATION OF AN AGRICULTURAL MACHINE, AGRICULTURAL MACHINE, AND

COMPUTER PROGRAM PRODUCT

TN

=

.
!

Fig. 1

(57) Abstract: The present disclosure refers to a method for determining output data from crop plant characteristics for a crop plant, the
method comprising, ina data processing system (2) having one or more processors; providing measurement data detected for a crop plant
(1); determining model data representing a three dimensional model of the crop plant (1) from the measurement data; segmenting the
three dimensional model of the crop plant (1) into a plurality of three dimensional segments; determining first crop plant characteristics
for a first subpart of the crop plant (1) provided in a first three dimensional segment of the plurality of three dimensional segments; and
providing output data at an output device (3). The output data comprise at least one of the following: media data comprising at least
one of video data and audio data indicative of the first crop plant characteristics for the first subpart of the crop plant (1) provided in
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the first three dimensional segment; and operation control data indicative of operation control signals for controlling operating of an
agricultural machine working on the crop plant (1), the operation control signals comprising first operation control signals determined
from the first crop plant characteristics and configured to control operation of the agricultural machine for applying an agricultural
treatment to the first subpart of the crop plant (1). Further, a method for controlling operation of an agricultural machine, an agricultural
machine, and a computer program product are provided.
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Method for determining output data from crop plant characteristics for a crop plant,
method for controlling operation of an agricultural machine,

agricultural machine, and computer program product

The present disclosure refers to a method for determining output data from crop plant char-
acteristics from a crop plant. Further, the present disclosure refers to a method for controlling
operation of an agricultural machine, an agricultural machine, and a computer program prod-

uct.

Background

Agricultural machines may be controlled in an operation for applying an agricultural treatment
to one or more crop plants based on measurement data collected for the crop plant(s) be-
fore. For example, it has been proposed to control machine operation for harvesting an agri-
cultural product on trees. According to another example, the agricultural machine may apply

agricultural treatment by spraying or dispensing a spraying material to the crop plant(s).

With respect to the crop plant being a tree, document CN 101706968 A discloses a method
for three dimensional model reconstruction of fruit tree trunks based on modularisation using
image processing technology. Colour information values and corresponding spatial position
coordinate values of a fruit tree trunk image are collected. Fruit tree branches are identified

based on a three dimensional model reconstruction.

Document US 9,228,990 B2 discloses a system for predicting production of a fruit tree, the
system including a plant image obtaining unit collecting images of a fruit tree and confirming
identification information about the fruit tree from the collected images, a branch pattern rec-
ognizing unit receiving an image of the fruit tree whose identification information is confirmed
and extracting fruit bearing branches from among various kinds of branches belonging to the
fruit tree, a fruit tree bud recognizing unit receiving an image of each of the extracted fruit
bear in branches and extracting information about buds that fruits are actually to be born
from among bud belonging to the fruit bearing branch, a meta database storing previous pro-
duction predicting information about the fruit tree corresponding to the collected images, and
a production estimating unit comparing the received bud information and the previous pro-

duction predicting information to predict production of the fruit tree.
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Document US 2017 / 0181 383 A1 refers to a pruning robot system comprising: a signal tag
device for detecting and storing information of trees and crops and positioning information,
and assisting positioning; a robot having a central processing device for storing and analys-
ing data information of each part of the robot and issuing action instructions to each part of
the robot, and a positioning and navigating device for positioning and navigating the robot,
and for planning a path and providing obstacle-avoiding navigation for the robot according to
an electronic map; a cloud platform terminal, which is in connection and communication with
the central processing device of the robot and is used for storing data of trees and crops as
well as detection data of the robot, and for planning a path for the robot through computing
and experimenting according to the information data; and a map building device for building
a three-dimensional electronic map corresponding to the plantation through field-detection by
the robot.

Summary

It is an object to provide improved technology for determining output data from crop plant
characteristics for a crop plant which allow for better agricultural treatment to be applied to
the crop plant on a sub crop plant level. Also, a method for controlling operation of an agricul-
tural machine and an agricultural machine are being provided which allow for improved ap-

plication of an agricultural treatment to a crop plant.

For solving the problem, a method for determining output data from crop plant characteristics
for a crop plant according to the independent claim 1 is provided. Further, a method for con-
trolling operation of an agricultural machine, and an agricultural machine according to the
independent claims 11 and 12, respectively, are provided. In addition, a computer program
product according to claim 13 is provided. Further embodiments are disclosed in the de-

pendent claims.

According to an aspect, a method for determining output data from crop plant characteristics
for a crop plant according is provided, comprising: providing measurement data detected for
a crop plant; determining model data representing a three dimensional model of the crop
plant from the measurement data; segmenting the three dimensional model of the crop plant
into a plurality of three dimensional segments; determining first crop plant characteristics for
a first subpart of the crop plant provided in a first three dimensional segment of the plurality

of three dimensional segments; and providing output data at an output device, the output
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data comprising at least one of the following: media data comprising at least one of video
data and audio data indicative of the first crop plant characteristics for the first subpart of the
crop plant provided in the first three dimensional segment; and operation control data indica-
tive of operation control signals for controlling operating of an agricultural machine working
on the crop plant, the operation control signals comprising first operation control signals de-
termined from the first crop plant characteristics and configured to control operation of the
agricultural machine for applying an agricultural treatment to the first subpart of the crop

plant.

According to another aspect, a method for controlling operation of an agricultural machine is
provided, the method comprising controlling operation of working tools of an agricultural ma-
chine for applying an agricultural treatment to a crop plant according to the operation control
data determined by the method for determining output data from crop plant characteristics for

the crop plant.

According to a further aspect, an agricultural machine is provided, comprising: working tools
configured to apply an agricultural treatment to a crop plant; and a control unit functionally
connected to the working tools and configured to control operation of the working tools for
applying the agricultural treatment to the crop plant according to operation control data de-
termined by the method for determining output data from crop plant characteristics for the

crop plant.

Further a computer program product is provided.

The technology proposed comprises applying segmentation to the three dimensional model
of the crop plant, thereby, segmenting the three dimensional model of the crop plant into a
plurality of three dimensional or spatial segments. Thus, a grid structure (segmentation) is
applied for providing the plurality of three dimensional segments from the three dimensional
model of the crop plant. Following, crop plant characteristics can be determined segment-
specific (e.g. segment by segment) for the sub part of the crop plant covered by the segment.
The three dimensional segments comprise a sub part of the crop plant. Segment-specific
characteristics for the sub part received or provided in a three dimensional segment assigned
to the sub part are determined. The crop plant characteristics assigned to a segment provide
for characterization of the sub part of the crop plant assigned to the segment as whole. Thus,

the segment-specific characteristics may be void or free of branch specific characteristics.
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The segmentation provides for a coarse dividing or segmenting of the three dimensional

model of the crop plant into the plurality of three dimensional segments.

In operation, working tools of an agricultural machine may be navigated or located for apply-
ing the agricultural treatment to the crop plant based on the three dimensional segments.
Thus, the agricultural treatment may be applied segment after segment, wherein the working
tools will be controlled based on operation control signals assigned to a specific one of the

three dimensional segments.

The technology proposed can be applied based on a limited number of data necessary for

determining the output data, thereby, saving resources for data processing.

The method may comprise determining second crop plant characteristics for a second sub-
part of the crop plant provided in a second three dimensional segment of the plurality of three
dimensional segments, the second three dimensional segment being different from the first
three dimensional segment. The method may further comprise providing the output data
comprising at least one of the following: media data comprising at least one of video data
and audio data indicative of the second crop plant characteristics for the second subpart of
the crop plant provided in the first three dimensional segment; operation control data com-
prising second operation control signals determined from the second crop plant characteris-
tics and configured to control operation of the agricultural machine for applying an agricultur-
al treatment to second subpart of the crop plant, wherein the second operation control sig-
nals are different from the first operation control signals. Depending on whether the output
data is provided for the first or the second three dimensional segment, different crop plant
characteristics are determined. Different crop plant characteristics will cause at least one of
different media data and different operation control data. Thereby, the operation control data
are determined segment-specific (not branch-specific) for different once of the three dimen-

sional segments.

At least one of the first operation control signals and the second operation control signals
may be configured to control operation of the agricultural machine for applying at least one
agricultural treatment selected from the following: harvesting, spraying, and pruning. The
agricultural treatment applied to the crop plant may comprise one or more different treat-

ments such as spraying, harvesting, and pruning. Also, the agricultural treatment may be
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applied to a plurality of crop plants, wherein for each of the crop plants output data are pro-

vided as described for the crop plant.

The media data may comprise treatment media data indicative of an agricultural treatment to
be applied to at least one of the first subpart of the crop plant and the second subpart of the
crop plant, the agricultural treatment comprising at least one of the following: harvesting,

spraying, and pruning.

With respect to spraying, a spraying material may be applied segment-specific to the crop
plant such as a plant protection product and / or a fertilizer. With respect to harvesting, it may
comprise picking some fruit in one or more of the three dimensional segments of the crop
plant being, for example, a tree. With respect to pruning the media data can provide for deci-
sion support on manual branch pruning. For example, by a segment-specific analysis of
branch density within the three dimensional segment, the output data may provide infor-
mation about actual and target branch density within the three dimensional segment. Based
on such information provided by the output data, a worker or user applying pruning can se-
lect the right branches to be pruned based on the information provided by the output data. It

will help for increasing quality and performance of pruning.

In an embodiment, the output data may be indicative of a comparison of three dimensional
segments of different crop plants within a field or a plantation, the comparison indicating, for
example, different pruning or trimming status of the different three dimensional segments. In
response, further pruning may be applied for having optimized similar level of pruning for the

different three dimensional segments from different crop plants within the field or plantation.

The segmenting may comprise segmenting the three dimensional model of the crop plant
into a plurality of three dimensional segments with each of the three dimensional segments
having the same segment volume. In general, characteristic (parameters) of the three di-
mensional segments such as size or volume of the segment can be defined depending on
the agricultural treatment to be applied to the crop plant. Providing each of the three dimen-
sional segments with the same segment volume can support feasibility of comparing different
three dimensional segments from one and the same crop plant or three dimensional seg-
ments from different crop plants. In an embodiment, the three dimensional segments for only

one crop plant or for a plurality of crop plants may be provided with identical edge length.
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The segmenting may comprise segmenting the three dimensional model of the crop plant
into a plurality of three dimensional segments with each of the three dimensional segments
comprising a plurality of main plant branches, wherein each of the main plant branches is
provided with a plurality of sub plant branches. The main plant branch refers to a branch
growing out of the plant trunk. Sub branches are growing out of the main plant branch.
Providing a plurality of main plant branches within the three dimensional segment support
coarse segmentation of the three dimensional model of the crop plant on a non-branch-
specific level. Instead of branch-specific agricultural treatment, segment-specific treatment

(for the plurality of branches within the segment) is supported.

For the method, the step of providing may comprise providing measurement data detected
for a tree. The tree or some other crop plant may be provided in the field or a plantation

along rows of crop plants (trees).

In an embodiment, the segmenting may comprise providing crop plant identification data in-
dicative of a type of plant of the crop plant; providing segmentation characteristics data indic-
ative of a plurality of segment volumes, each of the segment volumes assigned to at least
one type of plant from a plurality of different types of plants; selecting a segment volume for
the segmenting for the crop plant identified by the crop plant identification data from the plu-
rality of segment volumes; and segmenting the three dimensional model of the crop plant into
the plurality of three dimensional segments having the selected segment volume. For a plu-
rality of different types of plants a type-specific segment value is defined. Depending on the
type of crop plant identified by the crop plant identification data, the type-specific segment
value(s) is (are) selected. Following, segmentation is applied with such selected segment
volume for the crop plant. For example, segment value(s) different for different types of
plants may very in dependence on the height of the crop plant. The three dimensional seg-
ments for a first type of crop plant may have a first segment volume which is different from a
second segment volume for a second type of crop plant, the second type of crop plant having
a plant height which is smaller than the plant height of the first type of crop plant. For exam-
ple, different plant species such as tree species may have assigned different segment val-

ue(s).

For the method, the step of segmenting may comprise defining a crop plant coordinate sys-
tem for the three dimensional model of the crop plant, wherein the crop plant coordinate sys-

tem is a 3-axis coordinate system and one of three base axis of the crop plant coordinate
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system is running along a line of planting for a plurality of crop plants, the crop plant being
one from the plurality of crop plants; and segmenting the three dimensional model of the crop
plant into the plurality of three dimensional segments, wherein three dimensional segments
being provided in the crop plant coordinate system. Having such crop plant coordinate sys-
tem applied will support feasibility of comparing three dimensional segments for different
crop plants provided in the row or line of crop plants. It enables the comparison and naviga-
tion always in the same way of describing the part of the crop plant. It allows for defining the
three dimensional segments and crop plant treatment, e.g. (a) spray part of the crop plant
which is aligned to the next crop plant in the row of crop plants to avoid transfer of disease
between crop plants, and / or (b) pick fruits on the south part of the crop plant in specific

three dimensional segments.

Alternatively, the crop plant coordinate system may be aligned with a global coordinate sys-
tem. For example, the x-axis may be running along South direction of the global coordinate

system.

The output data may comprise at least one of the following: media data comprising at least
one of video data and audio data indicative of segment-specific first crop plant characteristics
for the first subpart of the crop plant provided in the first three dimensional segment, the
segment-specific first crop plant characteristics being indicative of characteristics for the
subpart of the crop plant as whole; and operation control data indicative of operation control
signals for controlling operating of an agricultural machine working on the crop plant, the op-
eration control signals comprising first operation control signals determined from the first crop
plant characteristics and configured to control operation of the agricultural machine for apply-

ing an agricultural treatment to the first subpart of the crop plant.

In an embodiment, the segmenting of the three dimensional model of the crop plant may
comprise: receiving segmenting data indicative of at least one segmenting parameter, and
segmenting of the three dimensional model of the crop plant into the plurality of three dimen-
sional segments according to the at least one segmenting parameter. The segmenting pa-
rameter may be selected from the following group: minimum number of three dimensional
segments, maximum number of three dimensional segments, minimum edge length of three
dimensional segments, maximum edge length of three dimensional segments, minimum vol-

ume of three dimensional segments, and minimum volume of three dimensional segments.
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In an embodiment, the at least one segmenting parameter may be determined in response to
receiving treatment information indicative of at least one crop plant treatment to be conduct-
ed. The at least one segmenting parameter is determined to be a treatment dependent seg-
menting parameter. Such treatment information, for example, may be received by user input.
Alternatively, treatment information may be determined from an analysis of the measurement
data detected for the crop plant, such as image data analysis. For example, form such data
analysis it may be determined that pruning of a tree is to be applied. In response to such
conclusion made from the data analysis, the at least one segmenting parameter may be pro-
vided for the segmenting of the three dimensional model of the crop plant being a tree in

such embodiment.

Alternatively, if the treatment information is indicating spraying, for the three dimensional
segments a side face area may be applied which about equal to a working or application size
(area) of a spray nozzle of the agricultural sprayer which, for example, has a diameter of 25
to 50 cm. So the minimum segment size is selected to be at least as large as the minimum
application size (or larger) and within this minimum segment volume the part of the crop plant
needs to be describable in a clear way, e.g. majority of the volume is covered by leafs and

not significantly different parts of the plant.
The embodiments described above with respect to the method for determining output data
from crop plant characteristics for the crop plant may be provided for the method for control-

ling operation of the agricultural machine and / or the agricultural machine mutatis mutandis.

Description of further embodiments

Following, further embodiments are described with reference to figures. In the figures, show:

Fig. 1 a schematic representation of an arrangement for determining output data from crop
plant characteristics for a crop plant;

Fig.2 a schematic representation of a crop plant being a tree for which a segmentation
into a plurality of three dimensional segments is applied; and

Fig. 3 a schematic representation of a flow chart for a method for determining output data

from crop plant characteristics for a crop plant.

Fig. 1 shows a schematic representation of an arrangement for determining output data from

crop plant characteristics for a crop plant 1, which, for example, is a tree, but may be any



10

15

20

25

30

35

WO 2022/136249 PCT/EP2021/086750

other crop plant. A data processing device 2 is provided with one or more processors for pro-
cessing electronic data. The data processors device 2 is configured to determine output data
from crop plant characteristics for the crop plant 1 according to a method which is explained

in detail below.

According to Fig. 1, the output data are provided to an output device 3 connected to the data
processing device 2. The output device 3 may be provided with an interface configured for

outputting the output data via wired and / or wireless data transmission.

Measurement data to be received by the data processing device 2 may be provided by a
measurement device 4 which is configured to collect measurement data for the crop plant 1.
For example, image data may be detected by the measurement device 4. Such image data,
for example, may be detected by a satellite device, a drone device, and / or a ground based
device. The different devices may be provided with a camera device for detecting the image
data. Image data analysis may be conducted by the measurement device 4 and / or the data
processing device 2 for determining the measurement data which provide an input for the
method for determining the output data from the crop plant characteristics for the crop plant

1. Different methods for image data analysis are known as such.

The output data to be provided to the output device 3 may comprise media data comprising
at least one of audio data and video data. For example, the media data may be outputted by
a display device provided with the output device 3. As an alternative or in addition, the output
data may comprise audio data to be outputted by a speaker provided with the output device
3.

The output data may comprise, in addition or as an alternative to the media data, operation
control data indicative of operation control signals which are configured to control operation
of an agricultural machine 5 provided with a control unit 6 and working tools 7. The agricul-
tural machine 5 is configured to apply agricultural treatment to the crop plant 1, for example,
spraying, harvesting and / or pruning. The operation control signals provided via the output
device 3 are processed by the control unit 6. In response, the working tools 7 of the agricul-
tural machine 5 are controlled for applying the agricultural treatment to the crop plant 1 ac-
cording to the operation control signals, such agricultural treatment comprising, for example,

at least one of harvesting, spraying, trimming, and pruning.
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The agricultural machine 5 may be selected from the following group of agricultural ma-
chines: sprayer, harvesting machine, harvesting robot, pruning machine, pruning robot, thin-

ning machine, thinning robot, trimming machine, and trimming robot.

Following, by referring to Fig. 2 and 3, a method for determining the output data is described

in further detail.

After providing the measurement data in the data processing device 2 (step 20), a three di-
mensional model 8 of the crop plant 1, which is, for example, a tree, is calculated by the data
processing device 2 for the crop plant 1 for which the measurement data have been detected
(step 21). In step 22, a segmentation is applied to the three dimensional model 8 of the crop
plant 1. By the segmentation a grid structure 9 is applied to the three dimensional model 8 of
the crop plant 1. Grid size or segment size may be applied or selected dependent on differ-
ent parameters such as having a single crop plant or a plurality of crop plants, crop plant
specie. By applying segmentation a plurality of three dimensional segments 10 (see Fig. 2),
each of the three dimensional segments 10 comprising a plurality of main branches 11 of the
crop plant 1 and a plurality of sub branches 12 for a sub part of the crop plant 1 provided

within the respective three dimensional segment 10.

For segmentation, a crop plant (tree) specific coordinate system 13 may be applied. The co-
ordinate system 13 may be a three-axis coordinate system. For example, a first axis (x axis)
may be defined by topography vertical to the surface of the soil. In an embodiment, the first

axis may be parallel to a crop plant or tree line of a plantation of crop plants.

In the process of segmentation, parameters of the three dimensional segments 8 may be
defined in response to user input. In addition or as an alternative, parameters of the three
dimensional segments 8 such as volume and / or edge length may be selected in depend-

ence on a type of plant (plant specie) for the crop plant 1.

In step 23, crop plant characteristics are determined for the sub part of the crop plant 1 for
three dimensional segments 10 (segment-specific). Crop plant characteristics are determined
for the sub part of the crop plant 1 which is provided within the specific three dimensional

segment 10. Thus, the crop plant characteristics determined for a specific three dimensional
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segment 10 are indicative of crop plant characteristics for the sub part of the crop plant 1

within the segment as whole.

In step 24, the output data are determined from the crop plant characteristics. The output

data are provided to the output device 3 in step 25.

With respect to spraying, based on the output data, discrete parts of the crop plant 1 can be
treated with plant protection products and / or fertilizers, for example, by applying a spraying
material. Through the definition of equal volume sizes and relative positions of the three di-
mensional segments 10 for each crop plant of a plurality of crop plants, the decision making
process can be novelized as the farmer can define specific parts of the crop plant 1 to be
treated in a very lean and simple way. In parallel, the automation process of the application
can be accelerated through the reduction of output data which is needed to be processed

and transferred for e.g. navigation.

With respect to harvesting, the grid structure 9 applied for segmentation can be utilized for
manual but also (semi-) automated harvesting processes. By the reduced absolute data
needed, also low cost devices can be used for example by workers to navigate through the
field or plantation. Crop plant specific navigation is possible in a simple way e.g.: Picking ripe
fruit in specific sector of each crop plant due to different ripening stages (top / down inside /
outside etc.). Automated harvesting can benefit from crop plant segmentation through im-
proved processing speed of data for example to efficiently balance the workload between

several picking devices.

With respect to pruning or trimming, the grid structure 9 can easily be utilized for decision
support on manual branch pruning (output data being media data). By means of volume spe-
cific analysis (specific for three dimensional segments) of branch density, the user, by means
of the output data, gets additional information about actual and target branch density within a
defined three dimensional segment 10. Based on this, the user can select the right branches
to be pruned based on this support and his expertise. This collaboration increases the quality
and performance of manual pruning. Also, an efficient comparison of crop plants within a

field or plantation is possible due to uniform definition of discrete crop plant parts.

Based on existing tree detection and localization, new technology is provided for crop plant

specific segmentation. The segmentation into the plurality of three dimensional segments 10
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enables the storage and processing of the output data on a sub-tree level, e.g. branch distri-
bution, fruit density, leaf density etc. The minimum segment size and shape may be defined
in a uniform way for a defined area (i.e. plantation, field, groove), there can be several mesh

systems for different purposes, accumulation and / or segmentation possible.

Depending on the process objective, e.g. yield prediction, and / or disease treatment, the
three dimensional segments 10 can be divided and / or consolidated, e.g. all segment on the
top layer. Thereby, a group of three dimensional segments 10 may be created, e.g. all seg-
ment on a specific height to be trimmed or sprayed. Such handling of the three dimensional
segments can support compatibility to many agricultural machines considering different tech-
nology levels. Beside machine control, this may also be helpful to understand, for example,
crop plant performance better, e.g. which part /height of the crop plant (for example, tree)

has highest / lowest performance, to take better decision for the crop plant treatment.

Information about the tree coordinate systems 13 and the three dimensional segments 10
can stored for a (crop plant) lifetime to enable comparisons and estimations based on histori-

cal data.

The features disclosed in this specification, the figures and / or the claims may be material
for the realization of various embodiments, taken in isolation or in various combinations

thereof.
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Claims

1. A method for determining output data from crop plant characteristics for a crop plant,

the method comprising, in a data processing system (2) having one or more proces-

sors,

providing measurement data detected for a crop plant (1);

determining model data representing a three dimensional model of the crop plant (1)

from the measurement data;

segmenting the three dimensional model of the crop plant (1) into a plurality of three

dimensional segments;

determining first crop plant characteristics for a first subpart of the crop plant (1)

provided in a first three dimensional segment of the plurality of three dimensional

segments; and

providing output data at an output device (3), the output data comprising at least one

of the following:

- media data comprising at least one of video data and audio data indicative of the
first crop plant characteristics for the first subpart of the crop plant (1) provided in
the first three dimensional segment; and

- operation control data indicative of operation control signals for controlling oper-
ating of an agricultural machine working on the crop plant (1), the operation con-
trol signals comprising first operation control signals determined from the first
crop plant characteristics and configured to control operation of the agricultural

machine for applying an agricultural treatment to the first subpart of the crop plant

(1).

2. Method of claim 1, further comprising

determining second crop plant characteristics for a second subpart of the crop plant

(1) provided in a second three dimensional segment of the plurality of three dimen-

sional segments, the second three dimensional segment being different from the

first three dimensional segment; and

providing the output data comprising at least one of the following:

- media data comprising at least one of video data and audio data indicative of the
second crop plant characteristics for the second subpart of the crop plant (1) pro-
vided in the first three dimensional segment;

- operation control data comprising second operation control signals determined

from the second crop plant characteristics and configured to control operation of
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the agricultural machine for applying an agricultural treatment to second subpart
of the crop plant (1), wherein the second operation control signals are different

from the first operation control signals.

Method of claim 1 or 2, wherein at least one of the first operation control signals and
the second operation control signals are configured to control operation of the agricul-
tural machine for applying at least one agricultural treatment selected from the follow-

ing: harvesting, spraying, and pruning.

Method of at least one of the preceding claims, wherein the media data comprise
treatment media data indicative of an agricultural treatment to be applied to at least one
of the first subpart of the crop plant (1) and the second subpart of the crop plant (1), the
agricultural treatment comprising at least one of the following: harvesting, spraying, and

pruning.

Method of at least one of the preceding claims, wherein the segmenting comprises
segmenting the three dimensional model of the crop plant (1) into a plurality of three
dimensional segments with each of the three dimensional segments having the same

segment volume.

Method of at least one of the preceding claims, wherein the segmenting comprises
segmenting the three dimensional model of the crop plant (1) into a plurality of three
dimensional segments with each of the three dimensional segments comprising a plu-
rality of main plant branches, wherein each of the main plant branches is provided with

a plurality of sub plant branches.

Method of at least one of the preceding claims, wherein the providing comprises

providing measurement data detected for a tree.

Method of at least one of the preceding claims, wherein the segmenting comprises:

- providing crop plant identification data indicative of a type of plant of the crop plant
(1);

- providing segmentation characteristics data indicative of a plurality of segment vol-
umes, each of the segment volumes assigned to at least one type of plant from a

plurality of different types of plants;



10

15

20

25

30

10.

11.

WO 2022/136249 PCT/EP2021/086750

15

selecting a segment volume for the segmenting for the crop plant (1) identified by
the crop plant identification data from the plurality of segment volumes; and
segmenting the three dimensional model of the crop plant (1) into the plurality of

three dimensional segments having the selected segment volume.

Method of at least one of the preceding claims, wherein the segmenting comprises

defining a crop plant coordinate system for the three dimensional model of the crop
plant (1), wherein the crop plant coordinate system is a 3-axis coordinate system
and one of three base axis of the crop plant coordinate system is running along a
line of planting for a plurality of crop plants, the crop plant (1) being one from the
plurality of crop plants; and

segmenting the three dimensional model of the crop plant (1) into the plurality of
three dimensional segments, wherein three dimensional segments being provided in

the crop plant coordinate system.

Method of at least one of the preceding claims, wherein the output data comprises at

least one of the following:

media data comprising at least one of video data and audio data indicative of seg-
ment-specific first crop plant characteristics for the first subpart of the crop plant (1)
provided in the first three dimensional segment, the segment-specific first crop plant
characteristics being indicative of characteristics for the subpart of the crop plant (1)
as whole; and

operation control data indicative of operation control signals for controlling operating
of an agricultural machine working on the crop plant (1), the operation control sig-
nals comprising first operation control signals determined from the first crop plant
characteristics and configured to control operation of the agricultural machine for

applying an agricultural treatment to the first subpart of the crop plant (1).

A method for controlling operation of an agricultural machine, comprising controlling

operation of working tools of an agricultural machine for applying an agricultural treat-

ment to a crop plant according to operation control data determined by a method of at

least one of the preceding claims.
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An agricultural machine (5), comprising

- working tools (7) configured to apply an agricultural treatment to a crop plant (1);
and

- a control unit (6) functionally connected to the working tools and configured to con-
trol operation of the working tools (7) for applying the agricultural treatment to the
crop plant (1) according to operation control data determined by a method of at least
one of the claims 1 to 10.

A computer program product comprising program instructions which, when the program
instructions are executed by a computer, cause the computer to carry out the method

of at least one of the claims 1 to 10.
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