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(57) Abrégé/Abstract:

The present disclosure refers to a method of operating an agricultural system for forming and / or wrapping a bale of crop, the
method comprising moving an agricultural apparatus over a field, the agricultural apparatus configured for at least one of forming
and wrapping a bale of crop; preparing, by the agricultural apparatus, a bale of crop; observing surroundings in a vicinity of the
agricultural apparatus by an observation system (14) while the agricultural apparatus is moving over the field; generating, by the
observation system (14), observation data indicating a first bale dropped before to the field being located in the vicinity of the
agricultural apparatus; processing the observation data by a data processing unit (15); determining, by the data processing unit
(15), the first bale dropped before; and dropping the bale in response to the determining from the baling apparatus to the field.
Further, an agricultural system is disclosed.
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(57) Abstract: The present disclosure refers to a method of operating an agricultural system for forming and / or wrapping a bale of
crop, the method comprising moving an agricultural apparatus over a field, the agricultural apparatus contigured for at least one of
forming and wrapping a bale of crop; preparing, by the agricultural apparatus, a bale of crop; observing surroundings in a vicinity
of the agricultural apparatus by an observation system (14) while the agricultural apparatus is moving over the tield; generating, by
the observation system (14), observation data indicating a first bale dropped before to the field being located in the vicinity of the
agricultural apparatus; processing the observation data by a data processing unit (15); determining, by the data processing unit (15),
the first bale dropped before; and dropping the bale in response to the determining from the baling apparatus to the field. Further, an
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Method of operating an agricultural system for forming and / or wrapping
a bale of crop and agricultural system

The present disclosure refers to a method of operating an agricultural system for forming and /
or wrapping a bale of crop and an agricultural system.

Background

Such agricultural systems are used for preparing a bale made from c¢rop. The system may be
provided with a stand-alone baler or a combined baler and wrapper, the combined baler and
wrapper being capable of forming the bale from crop picked up from the field and wrapping the
bale formed by the wrapper. Also, there are systems available which prepare a bale by picking
up a bale formed before from the field and wrap the bale formed before with a wrapping materi-
al. Such system may also be referred to as stand-alone baler. Finally, the prepared bale being

wrapped or unwrapped is dropped or released in the field which the system is moving over the
field.

Methods and systems have been proposed for optimizing bale drop locations within the field.
Document US 2015 7 0216125 At discloses a baler for forming a crop bale and releasing or
dropping the bale at target drop locations in field. The baler includes a hale forming chamber, a
bale carrier reward of the forming chamber, a geographic location sensor and a control system.
The bales formed by the baler are dropped in dependence on geographic or GPS coordinates
(GPS - Global Positioning System).

Document EP 1 604 565 A1 discloses a system configured to drop a bale depending on GPS
position. A laser sensing system may be provided for detecting the course of the swath from
which the crop for the bale formed is picked up.

Document US 2009 / 0107102 A1 discloses a tractor comprising an electronic tractor controller.
Document WO 2014 / 031355 A1 discloses a baler for forming crop bhales and releasing or drop-

ping the bales at targeted drop locations in a field, including a bale-forming chamber, a bale car-
rier rearward of the bale forming chamber, a geographic location sensor, and a control system.
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Document US 2013 / 0112094 A1 discloses a system to utilize one or mare video cameras
placed proximal to one or more operating systems of a round baler and one or more signals on
the baler to switch screens on a display to display video during bale ejection, crop feeding, twine
or net wrapping and back up.

Summary

It is an object of the present disclosure to provide a method of operating an agricultural system
for forming and / or wrapping a bale of crop and an agricultural system which allow for an opti-
mized bale dropping or releasing in the field.

For solving the object a method of operating an agricultural system according to claim 1. Further,
an agricultural according to claim 10 is provided. Alternative embodiments are subject of de-
pendent claims.

According to an aspect, a method of operating an agricultural system for forming and / or wrap-
ping a bale of crop is provided. The method comprises moving an agricultural apparatus over a
field, the agricuitural apparatus configured for at least one of forming and wrapping a bale of
crop. By the agricultural apparatus a bale of crop (crop bale) is prepared. In a vicinity of the agri-
cultural apparatus surroundings are observed by an observation system while the agricultural
apparatus is moving over the field. Observation data are generated by the observation system,
the observation data indicating a first bale dropped before in the field being located in the vicinity
of the agricultural apparatus. The observation data are processed by a data processing unit. The
first bale dropped before is determined by the data processing unit. In response to the determin-
ing, the bale is dropped or released by the agricultural apparatus in the field.

According to another aspect, an agricultural system for forming and / or wrapping a bale of crop
is provided, the agricultural system comprising a tractor, a agricultural apparatus functionally
connected to the tractor, an observation system, and a data processing device. The observation
system is configured for observing surroundings in a vicinity of the agricultural apparatus while
the agricultural apparatus is moving over a field. The agricultural system is configured to move
the agricultural apparatus over a field; prepare, by the agricultural apparatus, a bale made from
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crop for dropping the bale in the field; observe surroundings in the vicinity of the agricultural ap-
paratus by the observation system while the agricultural apparatus is moving over the field; gen-
erate, by the observation system, observation data indicating a first bale dropped before to the
field being located in the vicinity of the agricultural apparatus; process the observation data by a
data processing unit; determine, by the data processing unit, the first bale dropped before; and
drop the bale in response to the determining from the agricultural apparatus in the field.

The observation system and the data processing unit may be connected to a data bus provided
in the baling system. The data processing unit may be implemented as part of the observation
system. Electronic data may be transmitted through the data bus between the components of
the agricultural system. The process of dropping or releasing the bale in a target position or loca-
tion in the field may be controlled by a controller of the baling system. In an embodiment, the
controller may be provided as an implement controller.

The system may be provided with self-driving agricultural apparatus. In an alternative embodi-

ment, the agricultural apparatus is connected to a tractor, thereby, providing a tractor implement
combination.

The determining of the first bale dropped before in the processing of the observation data by the
data processing unit may comprise at least one of determining presence of the first bale in the

vicinity of the agricultural apparatus and determining a location or position of the first bale in the
field.

With regard to alternative embodiments, preparing the bale of crop may comprise at least one of
forming a bale of crop by a baler and wrapping a bale formed before by a wrapper.

The bale finally drop in the field may be wrapped or unwrapped.

The method may comprise observing the vicinity of the agricultural apparatus by a camera ob-
servation system; generating, by the camera observation system, video observation data indicat-
ing the first bale dropped before to the field being located in the vicinity of the agricultural appa-
ratus; and processing the observation data by a video data analysis in the data processing unit.
The video data may comprise at least one of picture data and video film data. One or more cam-
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eras may be provided on the baling system. In an embodiment, one or more cameras may be
located on the tractor provided for moving the agricultural apparatus over the field. Adjustment of
the cameras for controlling an individual camera observation space may be controlied automati-
cally by the controller provided in the system. As an alternative or in addition, an individual cam-
era position or orientation may be adjusted by the user, for example, by providing user input
through a joystick or touch sensitive display.

The dropping may further comprise receiving a user input, and dropping the bale in response to
the user input. In response to determining the first bale dropped before being located in the vi-
cinity of the agricultural apparatus, a request for user input may be outputted. The user input
request may request the user for drop confirmation, thereby, confirming that the bale prepared
by the baling system shall be dropped or released. Thereby, the user may be given control of
actual bale dropping in a target position or location in the field.

The dropping may further comprise receiving bale drop control data, and dropping the bale in
response to the bale drop control data. The bale to be dropped may be dropped or released in a
(drop) location determined in dependence on the location of the first bale dropped before. The
bale drop control data may define one or more conditions or parameters with regard to actual
bale dropping, e.g. a targeted drop location. In addition to determining the bale dropped before
from the data provided by the observation system, further parameter(s) may be considered prior
to actually dropping the bale. Such parameters, for example, may refer to at least one of a time
delay with regard to determining the first bale dropped before from the observation data, a dis-
tance definition in relation to the location where the first bale dropped before is determined from
the observation data, and geographic coordinates such as GPS data. In an alternative embodi-
ment, it allows for dropping each of the bales of a plurality of bales in dependence on the loca-
tion of one or more bales dropped before, the locations of the bales dropped before being de-
termined from the observation data, such as the video data. Depending on the location deter-
mined for the bale or bales dropped before an actual target drop location is determined for the
present bale to be dropped. Following, the agricultural system is controlled to drop the present
bale at the target drop location. For example, the plurality of bales may be dropped in close vi-
cinity to each other.
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The observation system may be carried by at least one of the apparatus and a tractor connected
to the agricuitural apparatus. The agricuitural system carried by the tractor may be a combined
baler and wrapper, the combined baler and wrapper being configured to from the bale from crop
in one or more bale forming chambers and wrapping the bale formed by a wrapper. In an alter-
native embodiment, the agricultural apparatus may be a wrapper capable of picking up a bale
formed from crop before and wrapping the bale with a wrapping material. Such wrapper is miss-
ing the bale forming device. In still a further alternative, the agricultural apparatus may be a
stand-alone baler configured for bale forming only, but missing the wrapper device. Such bale
formed and dropped in the field may be picked-up later by the wrapper (stand-alone wrapper).

The preparing may further comprise picking-up a bale of a crop from the field and wrapping the
bale with a wrapping material by a wrapping device provided on the agricuitural apparatus. The
bale of a crop has been formed before by a bale forming apparatus provided with one or more

bale forming chambers in which the bale is formed from crop. Following, the bale was dropped
to the field.

In an alternative embodiment, the preparing may further comprise forming a bale of crop and
wrapping the bale by the wrapping device on the agricultural apparatus. In this alternative em-
bodiment a combined baler and wrapper may be used. The observation system may be provid-
ed on the combined baler and wrapper.

The method may further comprise generating, by the observation system, observation data indi-
cating a second bale dropped before in the field being located in the vicinity of the agricultural
apparatus; processing the observation data by the data processing unit; determining, by the data
processing unit, the second bale dropped before; and dropping the bale in response to the de-
termining both the first and the second bale from the agricultural apparatus in the field. In re-
sponse to determining the first and the second bale an actual drop position for the bale prepared
by the agricultural system may be determined in dependence on both the first and second bale.
For example, the bale prepared may be dropped in a middle position between the location of the
first bale and the location of the second bale has determined from the observation data. As an
alternative, a drop or release location for the bale prepared by the agricultural system may he
determined to be closer to one of the first and the second bale drop before.
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The method may further comprise providing bale preparation data by a bale preparation sensor
device, the bale preparation data indicating whether the bale is ready for dropping; preventing
further moving of the agricultural apparatus, if the bale is not ready for dropping, in response to
the determining the first bale dropped before; dropping the bale in the field in response to the
bale preparation data indicating the bale being ready for dropping; and clearing for further mov-
ing of the agricultural apparatus. The bale preparation sensor device may gather signals with
regard to the process of forming the bale from the crop prior to wrapping the bale. For example,
the size of the bale formed may be detected. As an alternative or in addition, the bale prepara-
tion sensor device may gather signals indicative of the status of the wrapping process for wrap-
ping the bale formed before. If the signals gathered by the bale preparation sensor device are
indicating the bale to be prepared not yet ready for dropping or releasing, the agricultural appa-
ratus is prevented from further moving. While the agricultural apparatus is stopped the bale may
be finally prepared. Following, in response to the determining of the first bale dropped before
from the observation data, the bale presently prepared may be dropped or released in the field.
Thereby, a situation may be avoided in which the bale is to be dropped in response to the de-
termining of the first bale dropped before from the processing of the observation data, but the
bale being not yet finally prepared for drop.

The agricultural system may comprise a system controller having a tractor controller and a agri-
cultural apparatus controller, the tractor controller and the agricultural apparatus controller con-
nected to a data bus of the system controlier. The agricultural apparatus controller may also be
referred to as implement controller.

The agricuitural apparatus may be provided as one of a bale forming apparatus, a bale wrapping
apparatus, and a combined bale forming and bale wrapping apparatus.

The alternative embodiments described above by referring to the method of operating the baling
system bay apply to the agricultural system mutatis mutandis.
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Description of embodiments

Following, further embodiments are described in detail by referring to figures. In the figures,

show:

Fig1 a schematic block diagram representation of an arrangement comprising an observation
system in an agricultural system; and

Fig. 2 a block diagram for a method of operating an agricultural system.

Fig. 1 shows a schematic representation of an agricultural system having a tractor 1 and an im-
plement 2 provided as agricultural apparatus hitched to the tractor 1.

The agricultural apparatus may be configured to form a bale from crop and wrap the formed bale
by the wrapping device on the agricultural apparatus. In such embodiment a combined baler and
wrapper may be used. In an alternative embodiment, the agricultural apparatus may be config-
ured to pick up a bale formed before from the field and wrap the bale with a wrapping material
by a wrapping device provided on the agricultural apparatus. The bale has been formed by a
bale forming apparatus separated from the baling apparatus and provided with at least one bale
forming chamber in which the bale is formed from crop.

Fig. 1 refers to an agricultural system having the implement 2 comprising the agricultural appa-
ratus hitched to the tractor 1. As an alternative, implement 2 may be a self-driving apparatus. In
such embodiment the tractor may not be present.

An agricuitural system control network 3 provides for an electronic control system of the agricul-
tural system. The agricultural system control network 3 comprises a tractor control network 4
and an implement control network 5 which, in the embodiment shown, may also be referred to
as agricultural system controller. The agricultural system control network 3 is having a data bus
6 to which a user terminal 7, a task controller 8, and a plurality of electronic control units 9 are
connected. Each of the electronic control units 9 is assigned to at least one functional element
from a plurality of functional elements 10, 11 provided in the tractor 1 and the implement 2, re-
spectively.



10

15

20

25

30

CA 03019618 2018-10-01

WO 2017/194626 PCT/EP2017/061221

In the tractor 1, the functional elements 10a, 10b may refer, for example, to at least one of a
moving control, a speed control, and a steering control for controlling operation and movement
of the tractor 1 while moving the tractor 1 with the implement 2 over a field. For example, control
signals provided to one or more of the functionai elements 10a, 10b may provide for speeding
up movement of the tractor 1, preventing the tractor from further moving, and / or re-starting
movement of the tractor 1 after a stop.

Through the data bus € electronic data or sighals may be transmitted between the components,
units, modules or elements connected to the data bus 6. The electronic control system of the
agricultural system control network 3 may implement the ISO 11783 standard, preferably the
ISO 11783-11 standard.

The data bus 6 is provided with a plug connector 12 connecting the tractor control network 4 and
the implement control network 5. In addition or as an alternative, electronic data may be trans-
mitted by wireless data transmission. The data bus 6 may comprise a wireless data communica-
tion channel.

The user or operator terminal 7 is provided with a terminal display 13 and provides for user con-
trol and user display. Further, the user terminal 7 is provided with a processor unit comprising a
processor and a memory element connected to the processor. Multiple software applications
implemented on the user terminal 7 may be running simultaneously.

Through the user terminal 7 user input may be received for controlling the functional elements
10a, 10b of the agricultural machine or system. Also, through the terminal display 13 operation
information may be displayed to the user.

An observation system 14 is provided with functional elements 11a, 11b which each, for exam-
ple, may comprise a camera. The observation system 14 is provided for monitoring the vicinity of
the implement 2 and the tractor 1 while the tractor-implement combination is moving over the
field. Such monitoring may be performed continuously. For example, the surroundings in the
vicinity of the implement 2 are watched by a plurality of cameras provided by different elements
11a, 11b. Observation data are generated by the functional elements 11a, 11b of observation
system 14. The observation data are processed in a data processing unit 15 functionality con-
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nected to the functional elements 11a, 11b through the electronic control units 9. In an alterna-
tive embodiment, the functional elements 11a, 11b be connected directly to the data processing
unit 15. The data processing unit 15 may be provided with one or more processors.

Further, the data processing unit 15 is connected to the functional element 11c configured to
release a bale prepared by the agricultural apparatus of the implement 2 in the field.

Other functional elements 11d, 11e provide for other functions of the implement such as a bale
preparation sensor, and a wrapper configured to wrap a bale formed from crop. The bale prepa-
ration sensor may be configured to sense signals indicative of a status of preparation of the bale
in the process of preparing the bale from crop picked up from the field.

Specifically, the observation data are processed to determine whether a bale prepared and
dropped by the implement 2 before in the field is located in the vicinity of the implement 2 pro-
vided with the agricultural apparatus while moving over the field. For example, for observation
data processing video observation data are processed by a digital video data analysis. If such
bale is determined by the data processing, the data processing unit 15 may dispatch a bale re-
lease signal to at least of the functional elements 11d, 11e for dropping the bale prepared,
thereby, releasing the bale in targeted location in the field.

Fig. 2 shows a schematic representation of a block diagram with regard to a method of operating
an agricultural system.

In step 20 the implement 2 comprising the agricultural apparatus is moving over the field. While
moving over the field the agricultural apparatus is preparing a bale. Such preparation process
performed by the agricultural apparatus may comprise forming the bale from crop and wrapping
the bale formed by a wrapping material. In an alternative embodiment, a bale prepared by a
separated baler before and dropped may be picked up by the agricultural apparatus of the im-

plement 2 for wrapping. Following, in the preparation process, the pre-formed bale picked up is
wrapped.

In step 21, surroundings in the vicinity of the implement 2 and the tractor 1 are observed by the
observation system 14 while the implement 2 with the agricultural apparatus is moving over the
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field. The observation system 14 is provided on the implement 2. In an alternative embodiment,
elements or units such as cameras of the observation system may be provided the tractor 1. It
may also be foreseen to have the observation system 14 including the data processing unit 15
and the functional elements 11a, 11b provided on the tractor14, the data processing unit 15 at
least being connected to the functional unit 11c configured to release the bale from the imple-
ment 2.

The observation system 14 is generating observation data in step 22. For example, video data
may be generated by one or more digital cameras of the observation system 14. The observa-
tion data are indicative of a first bale which was dropped or released before in the field. For ex-
ample, the video data gathered by the observation system 14 show the first bale being located in
the vicinity of the agricultural apparatus while the agricultural apparatus is moving over the field.

In step 23 the observation data are processed by the data processing unit 15 which may be pro-
vided in the implement control network 5. In case the observation data are provided with video
data, the data processing may comprise a digital video data analysis.

If the first bale dropped before is determined in the data processing, in a step 24, the bale pre-
pared by the agricultural apparatus of the implement 2 is dropped or released from the agricul-
tural apparatus in the field in step 25.

The releasing or dropping of the bale may take place in response to one or more further drop
parameter. For example, in relation to the location or position determined for the first bale
dropped before from the observation data, a time delay and / or a distance may be defined by
the further or additional drop parameter to further specify the drop or release location of the bale
prepared by the agricultural apparatus.

The features disclosed in this specification, the figures and / or the claims may be material for
the realization of the invention in its various embodiments, taken in isolation or in various combi-
nations thereof.
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Claims

1. A method of operating an agricultural system for forming and / or wrapping a
bale of crop, the method comprising:
- moving an agricultural apparatus over a field, the agricultural apparatus configured
for at least one of forming and wrapping the bale of crop;
- preparing, by the agricultural apparatus, the bale of crop;
- observing surroundings in a vicinity of the agricultural apparatus by an observation
system while the agricultural apparatus is moving over the field;
- generating, by the observation system, observation data indicating a first bale
previously dropped to the field located in the vicinity of the agricultural apparatus;
- processing the observation data by a data processing unit;
- determining, by the data processing unit, that the first bale was previously dropped,;
and
- dropping the bale from the agricultural apparatus to the field in response to
detemining that the first bale was previously dropped,

the dropping the bale comprising receiving bale drop control data defining
one or more conditions for actual bale dropping, and dropping the bale in response
to the bale drop control data,

wherein the one or more conditions comprise a time delay with regard to
determining, from the observation data, that the first bale was previously dropped.

2. Method according to claim 1, wherein the one or more conditions further
comprises a distance definition in relation to the location where the first bale was
previously dropped determined from the observation data.

3. Method according to claim 1 or 2, further comprising:

- observing the vicinity of the agricultural apparatus by a camera observation system;
- generating, by the camera observation system, video observation data indicating
the first bale previously dropped to the field located in the vicinity of the agricultural
apparatus; and

- processing the observation data by a video data analysis in the data processing
unit.

Date Regue/Date Received 2022-12-01
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4. Method according to any one of claims 1 to 3, wherein the dropping further
comprises receiving a user input, and dropping the bale in response to the user

input.

5. Method according to any one of claims 1 to 4, wherein the observation system
is carried by at least one of the agricultural apparatus and a tractor connected to the
agricultural apparatus.

6. Method according to any one of claims 1 to 5, wherein preparing the bale of
crop further comprises picking up the bale of crop from the field and wrapping the
bale with a wrapping material by a wrapping device provided on the agricultural
apparatus.

7. Method according to any one of claims 1 to 5, wherein preparing the bale of
crop further comprises forming the bale of crop and wrapping the bale by a wrapping
device on a baling apparatus.

8. Method according to any one of claims 1 to 7, further comprising:

- generating, by the observation system, observation data indicating a second bale
previously dropped in the field located in the vicinity of the agricultural apparatus;

- processing the observation data by the data processing unit;

- determining, by the data processing unit, that the second bale was previously
dropped; and

- dropping the bale from the agricultural apparatus in the field in response to
detemmining that both the first and the second bale were previously dropped.

9. Method according to any one of claims 1 to 8, further comprising:

- providing bale preparation data by a bale preparation sensor device, the bale
preparation data indicating whether the bale is ready for dropping;

- preventing further moving of the agricultural apparatus, when the bale is not ready
for dropping, in response to determining that the first bale was previously dropped;
and
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- dropping the bale to the field in response to the bale preparation data indicating the
bale is ready for dropping.

10.  An agricultural system for forming and / or wrapping a bale of crop,
comprising:
- a tractor;
- an agricultural apparatus functionally connected to the tractor;
- an observation system, configured for observing surroundings in a vicinity of the
agricultural apparatus while the agricultural apparatus is moving over a field; and
- a data processing unit;
wherein the agricultural system is configured to:
- move the agricultural apparatus over the field;
- prepare, by the agricultural apparatus, a bale made from the crop for dropping the
bale on the field;
- observe surroundings in the vicinity of the agricultural apparatus by the observation
system while the agricultural apparatus is moving over the field;
- generate, by the observation system, observation data indicating a first bale
previously dropped to the field being in the vicinity of the agricultural apparatus;
- process the observation data by the data processing unit;
- determine, by the data processing unit, that the first bale was previously dropped;
and
- drop the bale from the agricultural apparatus to the field in response to determining
that the first bale was previously dropped,

wherein the agricultural system is further configured to receive bale drop
control data defining one or more conditions for actual bale dropping, and drop the
bale in response to the bale drop control data,

the one or more conditions comprising a time delay with regard to
determining, from the observation data, that the first bale was previously dropped.

11.  The agricultural system according to claim 10, wherein the one or more

conditions further comprises a distance definition in relation to the location where
the first bale was previously dropped determined from the observation data.
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12.  The agricultural system according to claim 10 or 11, comprising a system
controller having a tractor controller and an agricultural apparatus controller, the
tractor controller and the agricultural apparatus controller connected to a data bus of

the system controller.

13.  The agricultural system according to any one of claims 10 to 12, wherein the
agricultural apparatus is provided as one of a bale forming apparatus, a bale
wrapping apparatus, and a combined bale forming and bale wrapping apparatus.
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