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Description

[0001] Embodiments of the present invention relate to systems and methods for monitoring harvesters and crops.
More specifically, some embodiments are directed to systems and methods for monitoring, at the harvesting stage, one
or more parameters associated with one or more harvested items (such as root vegetables).
[0002] The assessment of parameters associated with some crops before they are harvested is difficult. This is es-
pecially the case for root vegetables such as potatoes. In particular, it is difficult to determine parameters such as the
size of such root vegetables before the root vegetables are harvested because they are underground.
[0003] In order to determine such parameters, a farmer has conventionally harvested root vegetables from one or
more sample sections of a field, analysed the or each harvested sample to determine the parameters for the or each
sample, and then extrapolated those results to estimate the parameters of the root vegetables for a larger area - e.g.
the field from which the or each sample was taken.
[0004] This process is prone to errors, however. In particular, the or each sample may not be representative of the
larger area.
[0005] Typically, as the root vegetables are processed for sale, they are assessed-e.g. through the use of sieves - to
determine one or more parameters such as size. Mismatches between the expected and actual parameters can have
consequences on the sale, management, handling, and storage of the root vegetables.
[0006] Better determining of one or more parameters associated with root vegetables can allow more of a crop to be
used.
[0007] Determining the one or more parameters early in the harvesting process can enable more efficient processing
and asset management.
[0008] Determining the one or more parameters for root vegetables from a known location can allow more detailed
analysis of the growing conditions in that known location and how these impact the one or more parameters. This, in
turn, can allow the growing conditions to be controlled to improve one or more of the one or more parameters.
[0009] The same or similar issues arise in relation to other harvestable items, other than root vegetables.
[0010] JP2013074807 describes a system for accurately acquiring the state of soil in each part of a field based on the
harvest of crops growing in the ground. A carrot harvested by a harvesting machine is photographed by a camera, quality
of the carrot is judged by a quality judgment unit from photographed image information obtained by the photographing,
and quality information is generated. The position information is acquired by the information acquisition unit, and the
field information in which the quality information and the position information are associated by the association processing
means is generated.
[0011] EP2529610 describes a method for monitoring agricultural work, in particular for monitoring the amount of
product harvested, and a computer program, a processing unit and an agricultural machine for performing the method.
WO2016/127094 describes a computer-implemented method for recommending agricultural activities implemented by
an agricultural intelligence computer system in communication with a memory. The method includes receiving a plurality
of field definition data, retrieving a plurality of input data from a plurality of data networks, determining a field region
based on the field definition data, identifying a subset of the plurality of input data associated with the field region,
determining a plurality of field condition data based on the subset of the plurality of input data, identifying a plurality of
field activity options, determining a recommendation score for each of the plurality of field activity options based at least
in part on the plurality of field condition data, and providing a recommended field activity option from the plurality of field
activity options based on the plurality of recommendation scores.
[0012] DE8234000 describes a beet harvester with a depth control device.
[0013] US 2015/0124054 describes a system that can include a 3D sensor. The 3D sensor can be configured to detect
an area of an elevator on a harvester. The 3D sensor can further be configured to transmit a first signal associated with
the area. The system can also include a processing device in communication with the 3D sensor. The system can further
include a memory device in which instructions executable by the processing device are stored for causing the processing
device to receive the first signal and determine a volume of a material on the elevator based on the first signal.
[0014] Accordingly, embodiments seek to alleviate one or more problems associated with the prior art.
[0015] Aspects of the invention are recited by the appended claims.
[0016] A described arrangement provides a harvester monitoring system configured to determine one or more param-
eters associated with one or more harvested items, the system comprising: a camera module having a field of view and
configured to generate image data associated with the one or more harvested items; a mounting bracket configured to
secure the camera module to a harvester such that a conveyor of the harvester is within the field of view of the camera
module; a location sub-system configured to determine and output location data representative of a geographical location
of the harvester monitoring system; and a processing unit configured to receive the image data and the location data,
to determine one or more parameters associated with the one or more harvested items, and to record the one or more
parameters in association with the location data on a computer readable medium.
[0017] The camera module is configured to determine depth data for the one or more harvested items. The processing
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unit is further configured to identify a first harvested item of the harvested items in a first frame of the image data and
to use the or each parameter to identify the first harvested item in one or more subsequent frames of the image data,
so as to track the first harvested item as it travels across the field of view of the camera module in a sequence of
consecutive frames of the image data.
[0018] The depth data may be a depth map.
[0019] The camera module may include a stereoscopic camera.
[0020] The camera module may include a visible light camera, an infra-red transmitter, and an infra-red receiver, and
the depth data is determined by analysis of a distortion pattern of infra-red light emitted by the infra-red transmitter and
received by the infra-red receiver.
[0021] The camera module may include a shroud configured to shield a camera of the camera module from ambient light.
[0022] The shroud may include a downwardly and outwardly extending skirt at a part of the shroud which is remote
from the camera of the camera module.
[0023] The harvester monitoring system may further include a protective case in which the camera module is housed,
wherein the protective case may be configured to shield the camera module from one or more of fluid, dirt, and vibration.
[0024] The mounting bracket may be an adjustable bracket which is configured to allow the height of the camera
module from the conveyor to be adjusted.
[0025] The mounting bracket may include at least one mounting beam member with one or more mounting hooks
associated therewith, the one or more mounting hooks being configured to engage at least part of the harvester.
[0026] The one or more mounting hooks may include at least one mounting hook which is telescopically secured to
the at least one mounting beam member.
[0027] The location sub-system may include a satellite-based location system module which is configured to receive
signals from a satellite-based location system.
[0028] The processing unit may be configured to depth filter the image data to exclude or delete parts of the image
data which are more than a maximum distance away from the camera module.
[0029] The processing unit may be configured to depth filter the image data to exclude or delete parts of the image
data which are less than a minimum distance away from the camera module.
[0030] The processing unit may be configured to segment the image data into at least one portion which represents
one of the one or more harvested items.
[0031] The one or more parameters may include size information.
[0032] The size information may include one or both of a dimension of the one or more harvested items and a weight
of the one or more harvested items.
[0033] The processing unit may be configured to categorise the one or more harvested items based on the size
information.
[0034] The processing unit may be configured to categorise the one or more harvested items by determining whether
the one or more harvested items would pass through a sizing aperture of a virtual sieve base on the sizing information.
[0035] The harvester monitoring system may further include a storage sub-system which may be configured to store
the one or more parameters in association with the location data.
[0036] The harvester monitoring system may further include a communication sub-system which may be configured
to transmit the one or more parameters in association with the location data to a remote management system.
[0037] The harvester monitoring system may further include a power sub-system which may include one or more
batteries which are used to compensate for variations in electrical power delivered to the monitoring system by an
electrical system of the harvester or to provide the monitoring system with electrical power which has a higher voltage
than a voltage of the electrical power delivered by the electrical system of the harvester.
[0038] The location information may be indicative of the location at which the one or more harvested items were
harvested.
[0039] Another described arrangement provides a harvester including a harvester monitoring system as above.
[0040] The harvester monitoring system may be carried by the harvester.
[0041] Another described arrangement provides a monitoring method to determine one or more parameters associated
with one or more harvested items, the method comprising: generating image data associated with one or more harvested
items using a camera module having a field of view, the camera module being secured by a mounting bracket to a
harvester such that a conveyor of the harvester is within the field of view of the camera module; determining and outputting
location data representative of a geographical location of the harvester monitoring system using a location sub-system;
receiving the image data and the location data at a processing unit; determining one or more parameters associated
with the one or more harvested items at the processing unit based on the received image data; and recording, using the
processing unit, the one or more parameters in association with the location data on a computer readable medium. The
processing unit is further configured to identify a first harvested item of the harvested items in a first frame of the image
data and to use the or each parameter to identify the first harvested item in one or more subsequent frames of the image
data, so as to track the first harvested item as it travels across the field of view of the camera module in a sequence of
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consecutive frames of the image data.
[0042] The monitoring method may further include: generating a graphical representation in the form of a map indicating
the one or more parameters at locations based on the location data.
[0043] Another described arrangement provides a computer readable medium having instructions stored thereon
which, when executed by a processing unit, cause the method as above to be performed.
[0044] Embodiments of the present invention are described, by way of example only, with reference to the accompa-
nying drawings, in which:

Figure 1 shows a harvester according to some embodiments;

Figure 2 shows a harvester according to some embodiments;

Figure 3 shows a harvester according to some embodiments;

Figure 4 shows a shroud according to some embodiments;

Figure 5 shows part of a shroud and conveyor according to some embodiments;

Figure 6 shows a schematic view of a monitoring system according to some embodiments;

Figure 7 shows part of a mounting bracket according to some embodiments;

Figure 8 shows part of a mounting bracket according to some embodiments;

Figures 9 and 10 show camera modules according to some embodiments;

Figures 11 and 12 show a case and case mounting bracket according to some embodiments;

Figure 13 shows a schematic view of a monitoring and management system according to some embodiments;

Figure 14 shows a virtual sieve according to some embodiments;

Figure 15 shows a "heat map" representation according to some embodiments;

Figure 16 shows a schematic view of a camera module according to some embodiments;

Figure 17 shows a schematic view of a communication sub-system according to some embodiments;

Figure 18 shows a schematic view of a storage sub-system according to some embodiments;

Figure 19 shows a schematic view of a processing unit according to some embodiments;

Figure 20 shows a schematic view of an output unit according to some embodiments;

Figure 21 shows a schematic view of a power sub-system according to some embodiments;

Figure 22 shows a schematic view of a location sub-system according to some embodiments;

Figure 23 shows a schematic view of a remote management system according to some embodiments;

Figure 24 shows a graphical representation of an image and depth map according to some embodiments;

Figure 25 shows a schematic view of a harvester according to some embodiments;

Figure 26 shows a schematic view of a tractor according to some embodiments;

Figure 27 shows a schematic view of a harvester and tractor according to some embodiments; and
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Figure 28 shows the principle of photometric stereo according to some embodiments.

[0045] Embodiments may include a monitoring system 1 which is configured to determine one or more parameters
associated with one or more harvested items 21.
[0046] The monitoring system 1 (see figure 6, for example) includes an imaging sub-system 11 which is configured
to determine the one or more parameters. The monitoring system 1 may include one or more of: a storage sub-system
12, a communication sub-system 13, a location sub-system 14, and a power sub-system 15.
[0047] The location sub-system 14 may be configured to determine the current location of the monitoring system 1
(or a part thereof). This location may be a longitude and latitude, for example. In some embodiments, the location may
be a location relative to a fixed geographical location.
[0048] The storage sub-system 12 may be configured to store the one or more parameters and/or the current location
(as determined by the location sub-system 14, if provided). The storage sub-system 12 may be further configured to
store other information, as will be apparent from this description.
[0049] The communication sub-system 13 may be configured to transmit the one or more parameters and/or the
current location (as determined by the location sub-system 14, if provided) to a remote management system 3.
[0050] The power sub-system 15 may be configured to provide electrical power to one or more (or all) components
of the monitoring system 1.
[0051] The monitoring system 1 may be configured to be carried by a harvester 100. The harvester 100 may be
configured to harvest the one or more harvested items 21 from one or more harvestable items 22. The harvester 100
may be configured, therefore, to move relative to the one or more harvestable items 22 in order to harvest those one or
more items 22 into one or more harvested items 21. As will be understood, a harvestable item 22 is an item awaiting
harvesting and that harvestable item 22 will become a harvested item 21 once harvested by the harvester 100. The one
or more harvestable items 22 may be arranged in a field 200 and is a crop.
[0052] Collectively, the monitoring system 1 and the remote management system 3 (of provided) may be referred to
as a monitoring and management system 4.
[0053] The harvester 100 could take a number of different forms. For example, the harvester 100 may be a self-
propelled harvester 100 (see figure 3, for example) or may be configured to be towed by another vehicle (such as a
tractor 300) - see figures 1 and 2, for example.
[0054] Accordingly, the harvester 100 may include a plurality of ground-engaging wheels 101 which are configured to
support a body 102 of the harvester above a ground surface. The harvester 100 may include an engine 103 which, in
the case of a self-propelled harvester 100, is configured to drive rotation of one or more of the ground-engaging wheels
101 and/or which is configured to drive operation of one or more other parts of the harvester 100 (which may also be
the case in relation to a towed harvester 100).
[0055] In some embodiments, the harvester 100 is a towed harvester 100 (such as in figures 1 and 2) and receives
electrical and/or mechanical power from the towing vehicle (e.g. from the tractor 301). In some embodiments, the towing
vehicle (such as a tractor 300) includes an engine 301 and an electrical system 302 (see figure 26, for example) which
may be mechanically and electrically coupled, respectively, to the harvester 100.
[0056] The harvester 100 may include a cab 104 which may be part of the body 102 and from which an operator may
control the operation of the harvester 100 - including, for example, steering and controlling the operation of the engine
103. References to the cab 104 of the harvester 100 may be references to a cab or control panel of a towed harvester
100, or to a cab 104 of a self-propelled harvester 100, and are to be construed as encompassing a cab 303 of the towing
vehicle (e.g. the tractor 300) in embodiments including such a vehicle.
[0057] The harvester 100 may include an electrical system 105 (see figure 25, for example) which is configured to
provide electrical power to one or more parts of the harvester 100 (e.g. to drive the operation of one or more electric
motors). The electrical system 105 may include one or more batteries for the storage of electrical power and/or an
alternator or other generator coupled to the engine 103 to generate electricity. In embodiments including a towing vehicle
(such as the tractor 300), the electrical system 105 of the harvester 100 may be electrically coupled to the electrical
system 302 of the tractor 300 (or other vehicle) to allow the harvester 100 to be at least partially powered by the tractor
300 (or other vehicle) - see figure 27, for example.
[0058] The harvester 100 is configured for the harvesting of the one or more harvestable items 22. In some embodi-
ments, the one or more harvestable items 22 are root vegetables which are buried underground. The one or more
harvestable items 22 may include, for example, potatoes or carrots.
[0059] The harvester 100 may, therefore, include a share 106 which is configured to lift the one or more harvestable
items 22 from the ground (i.e. from the soil) and to convey the one or more items 22, which are now one or more harvested
items 21, towards a container 107 (see figure 3, for example).
[0060] The harvester 100 may include a conveyor 108 to convey the one or more harvested items 21 from the share
106 towards the container 107.
[0061] The conveyor 108 may be in the form of a spaced series of slats or bars oriented perpendicular to the direction
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of travel of the conveyor 108 such that soil and other debris may pass between the slats or bars.
[0062] The harvester 100 may include a picking table 109 (see figure 1, for example) which may be part of the conveyor
108 (i.e. may be a generally flat section of the conveyor 108 which is accessible to one or more pickers). The or each
harvested item 21 is conveyed by the harvester across the picking table 109 and one or more pickers may remove
stones and other large debris manually. The picking table 109 is generally located upstream of the container 107 relative
to the movement of the one or more harvested items 21 through the harvester 100 (the share 106 being located down-
stream of the picking table 109 and conveyor 108). The picking table 109 may include a canopy as shown in the example
in figure 1. Although picking tables 107 are not depicted in relation to the harvesters 100 of figures 2 and 3, they may
be included in such harvesters 100 (with or without a canopy).
[0063] From the picking table 109 and/or conveyor 108, the one or more harvested items 21 may be transported to
the container 107. This transportation may include the use of one or more further conveyors 110, for example.
[0064] In some embodiments, the container 107 is carried by a second vehicle (not shown) which is driven alongside
the harvester 100. The second vehicle may be a self-propelled vehicle such as a tractor towing a trailer on which the
container 107 is supported. As such the second vehicle may include a tractor generally identical or similar to the tractor 300.
[0065] In some embodiments, the container 107 is carried by the harvester 100.
[0066] As will be understood, the form of the harvester 100 may vary but will include a part relative to which the one
or more harvested items 21 pass (or otherwise travel) - e.g. driven in their movement by the conveyor 108, picking table
109, or one or more further conveyors 110.
[0067] The monitoring system 1 may be carried or carried entirely by the harvester 100.
[0068] The imaging sub-system 11 may include a camera module 111 (see figures 9, 10, and 16 for example) and a
camera module mount (parts of examples of which are shown in figures 4, 5, 7, and 8). The camera module 111 is
configured to acquire one or more images of the one or more harvested items 21 and the camera module mount is
configured to secure the camera module 111 with respect to at least part of the harvester 100.
[0069] The camera module mount may be configured to secure the camera module 111 with respect to the part of the
harvester 100 relative to which the one or more harvested items 21 pass (or otherwise travel). In some embodiments,
the camera module mount may be configured to secure the camera module 111 with respect to the conveyor 108, the
picking table 109, or the one or more further conveyors 110.
[0070] The camera module mount is configured to secure the camera module 111 such that the one or more harvested
items 21 pass through a field of view of the camera module 111.
[0071] The camera module mount may be configured to secure the camera module 111 such that the one or more
harvested items 21 pass beneath the camera module 111 and the camera module mount may, therefore, secure the
camera module 111 above the conveyor 108, the picking table 109, or the one or more further conveyors 110. As such,
in these embodiments, the one or more harvested items 21 conveyed by the conveyor 108, the picking table 109, or the
one or more further conveyors 110 may rest on the conveyor 108, the picking table 109, or the one or more further
conveyors 110 as they are conveyed.
[0072] The camera module mount may include a shroud 112 (see figures 4 and 5) which is configured to reduce the
amount of ambient light to which an operative part of the camera module 111 is exposed - the operative part of the
camera module 111 including a lens, for example. The shroud 112 may, therefore, reduce glare (and infra-red interference,
see below) on the operative part of the camera module 111.
[0073] The shroud 112 includes a first part 112a and a second part 112b which are coupled together. The first part
112a is a proximal part and the second part 112b is a distal part. The first part 112a houses the operative part of the
camera module 111 and may house a substantial part of the camera module 111 (or the whole camera module 111).
The operative part of the camera module 111 may be located at a first end of the first part 112a, the first end being
generally remote from the second part 112b of the shroud 112. The first end of the first part 112a may be generally
closed such that light is inhibited or substantially prevented from entering an internal volume defined by the shroud 112
through the first end of the first part 112a.
[0074] The first part 112a may have a generally rectangular or square cross-section and may extend through a height.
[0075] The first part 112a may include a frame structure which carries one or more panels to provide the first part
112a of the shroud 112. The frame structure may be formed of a plastics material or metal, for example. The one or
more panels may be secured to the frame structure by one or more connection members such as rivets or bolts.
[0076] The second part 112b of the shroud 112 may be attached to the first part 112a such that a second end of the
first part 112a is adjacent a first end of the second part 112b. A second end of the second part 112b may be an open
end (through which light may pass into the internal volume defined by the shroud 112.
[0077] The second part 112b of the shroud 112 may be in the form of a downwardly (and outwardly) extending skirt.
A cross-sectional area of the second part 112b may increase from the first end thereof towards the second end thereof.
The second part 112b may have a generally square or rectangular cross-section. The second part 112b may be formed
from a plastics material or metal. The second part 112b may be self-supporting (e.g. such that no framework is required
to support the second part 112b (other than that which may be provided in the first part 112a)).
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[0078] The shroud 112 may include one or more fixtures 112c for a mounting bracket 113 of the imaging sub-system
11. The one or more fixtures 112c may include, for example, one or more beams 112ca,112cb. The one or more fixtures
112c may be attached to an outer part of the first part 112a of the shroud 112. In some embodiments, the one or more
fixtures 112c include at least one beam 112ca,112cb which is attached to an outer part of the first end of the first part
112a. For example, the at least one beam 112ca,112cb may be secured to an uppermost part of the shroud 112 (e.g.
to a closed end thereof).
[0079] The one or more fixtures 112c may include one or more mounting plates 112cc which are located on a side
surface of the first part 112a of the shroud 112. The or each mounting plate 112cc may be configured for securing to a
mounting bracket 113 and/or for a part of the harvester 100 - as described herein.
[0080] The mounting bracket 113 (an example of which is shown in figure 7 and 8) may be part of the camera module
mount of some embodiments. The mounting bracket 113 is configured to secure, at least in part, the camera module
111 and/or the shroud 112 to the harvester 100.
[0081] The mounting bracket 113 is configured, therefore, on the one hand to be secured to at least part of the harvester
100 and on the other hand to be secured to the cameral module 111 and/or the shroud 112.
[0082] The mounting bracket 113 may be configured to be secured in multiple different locations on a single harvester
100 and/or to multiple different variants of harvester 100. As such, the mounting bracket 113 may be an adjustable
mounting bracket 113. This adjustability may include a height adjustment - i.e. to vary the relative position of the camera
module 111 and/or shroud 112 with respect to a part of the mounting bracket 113 and/or the conveyor 108, the picking
table 109, or the one or more further conveyors 110.
[0083] The mounting bracket 113 may include one or more mounting beam members 113a (and may include two such
mounting beam members 113a which may be arranged in a generally parallel configuration). The or each mounting
beam member 113a may be a tubular member.
[0084] The or each mounting beam member 113a may include two opposing ends which each carry a respective
mounting hook 113b.
[0085] At least one respective mounting hook 113b of the or each mounting beam member 113a may be telescopically
mounted to its mounting beam member 113a such that the mounting hook 113b may be moved between extended and
retracted configurations with respect to the mounting beam member 113a. A lock member 113c for the or each telescopic
mounting may be provided which is configured to lock the mounting hook 113b in a position between the extended and
retracted configurations. The lock member 113c may comprise a threaded bolt which is configured to be received by a
correspondingly threaded hole defined by the mounting beam member 113a. In an unlocked configuration the lock
member 113c does not engage the mounting hook 113b to inhibit telescopic movement of the mounting hook 113b and
in a locked configuration the lock member 113c extends through a part of the mounting beam member 113a to engage
the mounting hook 113b to inhibit or substantially prevent telescopic movement of the mounting hook 113b.
[0086] Each mounting hook 113b may include a first portion which is configured to engage (e.g. be received by) the
associated mounting beam member 113a. Each mounting hook 113b may include a second portion which extends
substantially perpendicular to the mounting beam member 113a and away from the camera module 111. This first portion
may provide a vertical offset for the mounting beam member 113a from a hook portion of each mounting hook 113b.
Accordingly, the hook portion may be carried by the second portion and may be configured to engage a part of the
harvester 100. In particular, the hook portion may be configured to engage a beam or other part of the harvester 100.
The hook portion may include a locking pin which is configured to trap the beam or other part of the harvester 100
selectively within the hook portion.
[0087] The mounting bracket 113 may include may include a respective plurality of support arms 113d which are
pivotally connected to each of the mounting beam members 113a. In some embodiments, the support arms 113d are
also connected to the camera module 111 and/or shroud 112. Accordingly, a first end of each of the support arms 113d
may be connected to one of the mounting beam members 113a and a second end of each of the support arms 113d
may be connected to the camera module 111 and/or the shroud 112. In some embodiments, the second end of each of
the support arms 113d may be connected to the one or more fixtures 112c. In some embodiments, two support arms
113d are connected to each beam 112ca,112cb and those two support arms 113d may be connected to the same
mounting beam member 113a. In some such embodiments, each of the two support arms 113d is connected to an
opposing side of the mounting beam member 113a and the beam 112ca,112cb.
[0088] The connection between the support arms 113d and the one or more fixtures 112c may be a pivotal connection.
[0089] The mounting bracket 113 may include one or more adjustment arms 113e which are pivotally connected (e.g.
at a first end) to one of the one or more mounting beam members 113a. The or each adjustment arm 113e may be
further connected to one of the support arms 113d. The one or more adjustment arms 113e may, therefore, include a
plurality of attachment locations along a length thereof for selective attachment to the associated support arm 113d to
which it is configured to be connected. A distance of the second ends of the support arms 113d from the relevant mounting
beam member 113a may, therefore, be adjusted by use of the different attachment locations. Each attachment location
may comprise an aperture defined through the adjustment arm 113e which is configured to receive a bolt or other member
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which is also configured to be received by an aperture defined by the associated support arm 113d.
[0090] In some embodiments, the or each mounting beam member 113a may include a respective plurality of securing
locations. The securing locations may be arranged as an array, for example, along a length of the or each mounting
beam member 113a. Each securing location may be an aperture defined through the mounting beam member 113a.
Each securing location may be configured to secure one of the support arms 113d or an adjustment arm 113e.
[0091] Thus, through use of the adjustment arm 113e and pivoting the support arms 113d with respect to the associated
mounting beam member 113a, the height of the camera module 111 may be adjusted and then locked in position.
[0092] The mounting bracket 113 may be used to secure the camera module 111 to the harvester 100 and to position
the camera module 111 with respect to the part of the harvester 100 such that the one or more harvested items 21 is
within the field of view of the camera module 111. In some embodiments, the mounting bracket 113 may be used in
combination with the or each mounting plate 112cc to secure the camera module 111 to the harvester 100.
[0093] Other mounting systems are possible and may be tailored to match the configuration of the harvester 100.
[0094] The camera module 111 may include a stereoscopic camera 111a (see figure 9) which is configured to capture
images of its field of view. The stereoscopic camera 111a may be configured to capture pairs of images at substantially
the same time to provide parallax in order to provide depth information.
[0095] In some embodiments, see figure 10 for example, the camera module 111 may include a camera 111c which
is configured to capture a visible light image and may include an infra-red transmitter 111d along with an infra-red receiver
111e. The infra-red transmitter 111d may include an infra-red laser whose emitted light output is directed through one
or more optical elements (such as diffraction gratings) to spread the emitted light over a relatively wide area (e.g. the
field of view of the camera module 111) - e.g. in a speckle pattern. The infra-red receiver 111e may be configured to
capture an image of the field of view of the camera module 111 in the infra-red light spectrum. By comparing the emitted
infra-red light pattern with the received infra-red light pattern captured by the infra-red receiver 111e depth information
can be determined by analysing distortions (i.e. a distortion pattern) of the infra-red light (e.g. by generating a disparity
map). Such techniques are used, for example, in the Kinect(RTM) camera by Microsoft Corporation.
[0096] The imaging sub-system 11 (e.g. the camera module 111) may include an illumination device 111b which is
configured to illuminate the field of view (and which may illuminate the interior of the shroud 112).
[0097] The camera module 111 and/or the illumination device 111b (if provided separately) may be provided with a
protective case configured to shield the camera module 111 from one or more of fluid (e.g. water), dirt, and vibration.
The protective case may have internal padding to support the camera module 111 and/or illumination device 111b. The
protective case may have at least a portion which is transparent in order to allow the camera module 111 to capture
images therethrough.
[0098] The imaging sub-system 11 may include a processing unit 114 (see figure 19 for example) which is configured
to receive a signal representative of one or more images captured by the camera module 111 (the camera module 111
being configured to output such a signal to the processing unit 114). The processing unit 114 and camera module 111
are, therefore, communicatively coupled. In some embodiments, this communicative coupling is via a wireless or a wired
communication system.
[0099] The processing unit 114 include a processor 114a which is configured to execute one or more instructions
which may be stored, as a computer program, on a memory of the processing unit 114b. This memory 114b may include
volatile and/or non-volatile memory. The processing unit 114 may be, for example, a computer system and could be a
laptop, a desktop computer, a tablet, a mobile (cellular) telephone, a small form factor computer, or the like.
[0100] In some embodiments, the one or more instructions are stored on a non-transitory computer readable medium.
[0101] The processing unit 114 may be configured to store images or parts of images, captured by the camera module
11 and sent to the processing unit 114, in the memory 114b as image data. The one or more instructions, when executed,
may perform one or more processes on the images as described herein.
[0102] The monitoring system 1 may, in some embodiments, include an output unit 115 (see figure 20, for example).
The output unit 115 is configured to provide an output indicative of an aspect of the operation of the monitoring system
1 to a user or operator. As such, the output unit 115 may be communicatively coupled to the processing unit 114 and/or
the camera module 111 - each of which may be configured to control the output unit 115 or a part thereof to convey
information about an aspect of its operation. The output unit 115 may include a visual output element 115a such as a
light (which may be a light emitting diode) or a display screen. The output unit 115 may include an audio output element
115b which may include a sounder (such as a buzzer, bell, or speaker). The output unit 115 may provide an indication
of one or more of: that the monitoring system 1 has power, that the monitoring system 1 is operating, that the camera
module 111 is capturing images, that there is an error in the operation of the monitoring system 1, that data is being
transmitted from the communication sub-system 13 or the storage sub-system 12, or the like.
[0103] As described herein, in some embodiments, the imaging sub-system 11 may be communicatively coupled to
the storage sub-system 12 (see figure 18, for example). In particular, in some embodiments, the processing unit 114 is
communicatively coupled to the storage sub-system 12 (this coupling may be via a wired data bus, for example).
[0104] The storage sub-system 12 is configured to receive data from the imaging sub-system 11 (e.g. from the process-
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ing unit 114) and to store that data on a storage device 121 of the storage sub-system 12. The storage device 121 may
be a computer readable medium. In some embodiments, the storage device 121 is removable from one or more other
parts of the monitoring system 1. So, for example, the storage device 121 may comprise a flash drive (otherwise known
as a pen drive or memory stick). The flash drive may include non-volatile memory for the storage of data and commu-
nication elements to enable the flash drive to communicate with a computing device (such as the processing unit 114).
The storage sub-system 12 may include a communication port 122 (such as a universal serial port socket/plug) which
is configured to mate selectively with a corresponding communication power (e.g. a plug/socket) for the storage device
121 to enable the transfer of data from the processing unit 114 (or other part of the imaging sub-system 11) to the storage
device 121.
[0105] The storage sub-system 12 may be configured to receive data from the storage device 121 and to communicate
that data to the imaging sub-system 11 (e.g. to the processing unit 114 and/or the camera module 111). This data may
include, for example, software or firmware updates, licence keys, and the like.
[0106] The communication sub-system 13 (see figure 17, for example) may be communicatively coupled to the imaging
sub-system 11. In particular, in some embodiments, the processing unit 114 is communicatively coupled to the commu-
nication sub-system 13 (e.g. via a wired data bus).
[0107] Accordingly, the communication sub-system 13 may be configured to receive data from the imaging sub-system
11 (e.g. from the processing unit 114) and to communicate (i.e. transmit) that data (or a part thereof) to the remote
management system 3. The communicative coupling between the communication sub-system 13 and the remote man-
agement system 3 may be over a wired and/or wireless communication network. This network may include parts which
use multiple different protocol and communication mechanisms. For example, the communication sub-system 13 may
be configured to communicate with the remote management system 3 using one or more of: a cellular network, a wide-
area network (such as the internet), and a local area network (e.g. using Ethernet(RTM) or WiFi(RTM)).
[0108] In some embodiments, the communication sub-system 13 includes, therefore, a network I/O module 131 which
may be in the form of a circuit which is configured to manage and enable the communicative coupling with the remote
management system 3.
[0109] The communication sub-system 13 may include a cache memory 132 which is configured to provide temporary
local storage for data before it is transmitted to the remote management system 3.
[0110] Accordingly, the communication sub-system 13 may be configured to store data in the cache memory 132
when the communicative coupling to the remote management system 3 is not available. For example, if there is a wireless
link in the communication network between the communication sub-system 13 and the remote management system 3
then this wireless link may not always be available - the harvester 100 may move into and out of range of the wireless
link as it performs the harvesting for example. Therefore, the cache memory 132 may provide temporary storage for
data which is then transmitted to the remote management system 3 when the link is available.
[0111] The communication sub-system 13 may be configured to receive data from the remote management system
3 and to communicate that data to the imaging sub-system 11 (e.g. to the processing unit 114 and/or the camera module
111). This data may include, for example, software or firmware updates, licence keys, and the like.
[0112] The location sub-system 14 (See figure 22, for example) is configured to determine its geographical location
and, therefore, a geographical location of the monitoring system 1 (and, by extension, the harvester 100 in some em-
bodiments). The location sub-system 14 may include, for example, a satellite-based location system module 141 such
as a Global Positioning System receiver, or a receiver for one or more of GLONASS, Galileo, Beidou, IRNSS (NAVIC),
or QZSS. The location sub-system 14 may, in some embodiments, be configured to receive signals transmitted from
one or more beacons and may use the received signals (e.g. through triangulation) to determine its location relative to
the beacons. Accordingly the location sub-system 14 may be configured to determine and output location data repre-
sentative of the geographical location of the location sub-system 14 (and, hence, the monitoring system 1).
[0113] The location sub-system 14 is communicatively coupled to the imaging sub-system 11 (e.g. to the processing
unit 114) and is configured to send to the imaging sub-system 11 (e.g. to the processing unit 114) data including the
geographical location as determined by the location sub-system 14. In some embodiments, the location sub-system 14
is also configured to communicate current time information to the imaging sub-system 11 (e.g. to the processing unit 114).
[0114] The power sub-system 15 (see figure 21, for example) may be configured to provide electrical power to one
or more other components of the monitoring system 1. For example, the power sub-system 15 may be configured to
provide electrical power to the imaging sub-system 11 (e.g. to one or both of the camera module 111 and the processing
unit 114), and/or the storage sub-system 12, and/or the communication sub-system 13, and/or the location sub-system 14.
[0115] The power sub-system 15 may include a connector 151 which is configured to be coupled to the electrical
system 105 of the harvester 100. As such, the power sub-system 15 may provide electrical power from the harvester 1
to the monitoring system 1.
[0116] The power sub-system 15 may include one or more batteries 152 which are configured to provide electrical
power to the monitoring system 1.
[0117] In some embodiments, the one or more batteries 152 are used to provide an uninterruptable power supply
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such that variations in the electrical power from the electrical system 105 of the harvester 100 can be compensated for
using electrical power from the one or more batteries 152. In some embodiments, the one or more batteries 152 are
used in combination with the electrical system 105 of the harvester 152 to provide electrical power to the monitoring
system 1 which has a higher voltage than the voltage provided by the electrical system 105.
[0118] In some embodiments, the monitoring system 1 is electrically isolated from the electrical system 105 of the
harvester 100 and so the power sub-system 15 provides all of the electrical power required to operate the monitoring
system 1 without using electrical power from the electrical system 105 of the harvester 100 (this may be achieved using
the one or more batteries 152, for example). In some embodiments, the power sub-system 15 is configured to determine
when the harvester 100 is operating - e.g. when the engine 103 is running - and may start the monitoring system 1 based
on the determined operation of the harvester 100. When the harvester 100 ceases to operate, then the power sub-
system 15 may be further configured to detect this change and to trigger the turning off (i.e. the shutting down) of the
monitoring system 1. This determining may be based on the connection of the power sub-system 15 to the electrical
system 105 and/or may be based on a connection of the power sub-system 15 to a control bus of the harvester 100.
[0119] In some embodiments, the monitoring system 1 or parts thereof are provided within a case 16 (See figures 11
and 12, for example). The case 16 may be configured to inhibit or substantially prevent the ingress of fluids (such as
water) and/or dirt and/or may protect against vibration. The case 16 may, in some embodiments, house the processing
unit 114. The case 16 may, in some embodiments, house one or more of at least part of the storage sub-system 12, at
least part of the communication sub-system 13, at least part of the location sub-system 14, and at least part of the power
sub-system 15.
[0120] The case 16 may carry, in an outer wall thereof, one or both of the communication port 12 and the connector
151. In some embodiments, the case 16 defines at least one port through which cables for the camera module 111
and/or location sub-system 14 may pass - these parts of the monitoring system 1, or portions thereof, being located
outside of the case 16 in such embodiments. As will be appreciated, satellite-based location system module 141 may
need to be located outside of the case 16 in order to be able to receive signals for its operation. In some embodiments,
the satellite-based location system module 141 or an antenna thereof may be located, for example, in or adjacent the
camera module 111. In other embodiments, the satellite-based location system module 141 may be locatable elsewhere
on the harvester 100.
[0121] In some embodiments, the case 16 may carry, in an outer wall thereof, one or more elements of the output unit
115 - e.g. the visual output element 115a and/or the audio output element 115b.
[0122] The case 16 may include a case mounting bracket 161 for securing the case 16 to a part of the harvester 100.
Accordingly, in some embodiments, the case mounting bracket 161 may include a lip 161a (e.g. in the form of a right-
angle section beam) which is configured to engage a generally horizontal beam or other member of the harvester 100.
The lip 161a may be located towards an upper part of the case 16. The case mounting bracket 161 may include a hook
member 161b which is configured to engage a generally vertical beam or other member of the harvester 100. The hook
member 161b may be moveable between an extended position - in which the generally vertical beam can be moved
into a channel defined by the hook member 161 b and a retracted position in which the generally vertical beam is trapped
within said channel. The movement of the hook member 161b may be achieved by the use of a threaded member 161c
which engages a threaded part of the hook member 161ba (see figure 12, for example).
[0123] The remote management system 3 (see figure 23, for example) may include a computing device 31 which is
communicatively coupled to the monitoring system 1 as described herein. The monitoring system 1 (e.g. the processing
unit 114) may be configured to communicate data to the remote management system 3 and may be configured to receive
data from the remote management system 3. Likewise, the remote management system 3 may be configured to transmit
data to the monitoring system 1 and to receive data from the monitoring system 1.
[0124] The remote management system 3 may be communicatively coupled to the monitoring system 1 via the com-
munication sub-system 13 and this coupling may be wired or wireless. In some embodiments, the remote management
system 3 is located remotely from the monitoring system 1 and the harvester 100. In some embodiments, the remote
monitoring system 3 is located remotely from the monitoring system 1 but is located on or within the harvester 100 (or
tractor 300).
[0125] The remote management system 3 may be configured to send software, software updates, firmware, firmware
updates, licence keys, licence information, and the like to the monitoring system 1. The monitoring system 1 may be
configured to install or update software or firmware based on this received data, for example.
[0126] The remote management system 3 may be a laptop, a desktop computer, a tablet, a mobile (cellular) telephone,
or the like. In some embodiment, the remote management system 3 includes a server and may include multiple servers
and other computing devices.
[0127] As discussed above, the monitoring system 1 may be secured to the harvester 100 in a location such that the
one or more harvested items 21 pass through the field of view of the imaging sub-system 11 (e.g. of the camera module
111). This securing may be achieved by use of the mounting bracket 113 in some embodiment.
[0128] In some embodiments, the positioning of the monitoring system 1 is such that the lowermost part of the shroud
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112 is between 10cm and 30cm from the surface over which the one or more harvested items 21 are or will pass. To
achieve the desired height, the mounting bracket 113 (if used) may be adjusted using the or each adjustment arm 113e.
[0129] During operation of the harvester 100, the harvester 100 will typically move within a field 200 along rows of
harvestable items 22. In the case of the harvestable items 22 being a root vegetable, then the harvestable items 22 are
generally buried. The share 106 of the harvester 100 lifts the harvestable items 22 - which become harvested items 21
as a result - from the ground and into the harvester 100.
[0130] Therefore, one or more harvested item 22 pass through the harvester 100 and past the field of view of the
imaging sub-system 11 - typically on a conveyor (as described herein).
[0131] The method of operation of the monitoring system 1 is controlled by instructions which are executed by the
processing unit 114 - also as described herein - and any reference to method steps in this regard should be construed
as encompassing instructions which, when executed, cause those method steps to occur.
[0132] As the one or more harvested items 21 pass through the field of view of the imaging sub-system 11, the camera
module 11 is instructed to capture one or more images of the one or more harvested items 21. In some embodiments,
the camera module 11 is instructed by the processing unit 114 in this regard.
[0133] As described herein, the camera module 11 may include a stereoscopic camera 111a which, therefore, captures
a pair of images of the one or more harvested items 21 in the field of view of the stereoscopic camera 111a.
[0134] The one or more images captured by the camera module 11 are communicated (i.e. transmitted) to the process-
ing unit 114 which is configured, through the execution of corresponding instructions, to process the one or more images
- which are represented by image data. This processing may include the identification of corresponding features in each
of the pair of images and then calculating depth information. In some embodiments, this step is performed by the
stereoscopic camera 111a and the stereoscopic camera 111a is configured to output to the processing unit 114 a visible
light image and a depth map for that image.
[0135] In some embodiments, the camera module 11 includes a camera 111c, an infra-red transmitter 111d, and an
infra-red receiver 111e. As discussed above, an image captured by the infra-red receiver 111e including infra-red light
emitted by the infra-red transmitter 111d into the field of view of the camera module 111 may allow depth information to
be determined by analysis of the distortion of the infra-red light. In such embodiments, a visible light image along with
an infra-red light image and information about the speckle pattern of infra-red light emitted by the infra-red transmitter
111d may be sent to the processing unit 114 which may be configured to generate a depth map for the image using this
information. In some embodiments, the camera module 111 is configured to perform this analysis and output, to the
processing unit 114 a visible light image and a depth map for that image.
[0136] A depth map is, in general, a map containing information regarding the distance (i.e. depth) of one or more
objects within the field of view of the imaging sub-system 11 (e.g. the camera module 111) from the imaging sub-system
11 (e.g. the camera module 111). In some embodiments, the depth map provides such distance/depth information on
a pixel-by-pixel based on the pixels forming the visible light image - as will be appreciated, a digital image is typically
formed of a plurality of pixels arranged in an array and conveying information about that part of the image.
[0137] For illustrative purposes, figure 24 depicts an example visible light image (replicated as a line drawing) 401 of
two harvested items 21. Figure 24 also depicts a simplified graphical representation of the depth map 402 for the same
two harvested items 21. As can be seen, the darker shading in the depth map 40 shows parts of the image which are
closer to the camera module 111 relative to the more lightly shaded parts. This representation is simplified as it only
shows two different depths through shading (three including the surface on which the items 21 are located which is
white). In some embodiments, there may be many different depths represented in a given depth map (i.e. more than
two or three).
[0138] Therefore, the analysis of the image data received from the camera module 111 may include an initial step of
determining a depth map (or the depth map may be provided by the camera module 111).
[0139] As will be appreciated, therefore, the camera module 111 may be configured to acquire three dimensional
image data. In other words, the camer module 11 may be configured to determine two dimensional image data as well
as depth data. This depth data may be a distance from the camera module 111 and the terms will be used interchangeably
herein.
[0140] The visible light image and depth map then undergo one or more further processing steps under the control of
the processing unit 114.
[0141] The image data (i.e. the visible light image and depth map collectively) includes or is likely to include information
relating to one or more objects which are not of interest because they are either too far away or too close to the camera
module 111.
[0142] Accordingly, the processing unit 114 may perform a depth filtering process on the image data. In accordance
with the depth filtering process, image data for which the depth map indicates the data concerns objects further away
from the camera module 111 than a predetermined maximum distance may be deleted from the image data. In accordance
with the depth filter process, image data for which the depth map indicates the data concerns objects closer to the
camera module 111 than a predetermined minimum distance may be deleted from the image data. Either or both of
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these depth filtering processes may be applied. The reference to the deletion of image data may include the erasing of
the image data from memory or the exclusion of that image data from subsequent processing steps (without necessarily
erasing the data). Depth filtering may be applied in relation to all pixels in an image such that the depth associated with
each pixel is considered in turn.
[0143] The maximum distance may be a predetermined distance which is predefined by a user or operator. The
maximum distance may be a distance which the monitoring system 1 determines during a calibration stage of operation.
[0144] The maximum distance may be, for example, the distance from the camera module 111 to the surface on which
the one or more harvested items 21 are supported when they pass through the field of view of the camera module 111
(i.e. of the imaging sub-system 11). This may be, for example, the surface of the conveyor 108, the picking table 109,
or the one or more further conveyors 110.
[0145] In some embodiments, the maximum distance may vary across the field of view of the camera module 111 (i.e.
of the imaging sub-system 11). This may, therefore, allow the monitoring system 1 to take into account an incline of the
surface on which the one or more harvested items 21 are supported with respect to the camera module 111. Thus, for
example, the maximum distance may be defined by plane which is inclined with respect to a normal plane through the
field of view of the camera module 111 (i.e. of the imaging sub-system 11).
[0146] In some embodiments, the camera module 111 is oriented such that the normal plane through the field of view
of the camera module 111 is parallel to the surface - negating the need for the maximum distance to vary as described
above.
[0147] Thus, objects in the image data which are closer to the camera module 111 than the maximum distance are
objects which may be supported by the surface and so may be harvested items 21.
[0148] The minimum distance may be a predetermined distance which is predefined by a user or operator. The minimum
distance may be a distance which the monitoring system 1 determines during a calibration stage of operation.
[0149] The minimum distance may be, for example, the distance from the cameral module 111 to a height above the
surface on which the one or more harvested items 21 are supported when they pass through the field of view of the
camera module 111 (i.e. of the imaging sub-system 11) which none of the one or more harvested items 21 would be
likely to reach.
[0150] In some embodiments, the minimum distance may vary across the field of view of the camera module 111 (i.e.
of the imaging sub-system 11) in the same manner in which the maximum distance may vary. Indeed, the minimum
distance may defined by a plane which is generally parallel to a plane which defines the maximum distance.
[0151] In some embodiments, the camera module 111 is orientated such that the normal plane through the field of
view of the camera module 111 is parallel to the surface - negating the need for the minimum distance to vary as described
above.
[0152] Accordingly, use of the minimum and maximum distances in the depth filtering process may exclude objects
which are unlikely to be harvested items 21 - either because they are too large or are below the surface on which the
one or more harvested items 21 pass. The use of depth filtering may exclude noise as well as features which may be
visible through the slats of the conveyor and structural parts of the harvester 100 (along with other parts of the monitoring
system 1 such as parts of the shroud 112).
[0153] The maximum distance may be set during a calibration stage in which the imaging sub-system 11 is controlled
(e.g. by the processing unit 114) to determine the distance to the surface on which the one or more harvested items 21
will be supported. This may be performed, for example, when there are no harvested items 21 in the field of view of the
camera module 111 (i.e. of the imaging sub-system 11). To achieve this some embodiments may include the step of a
user or operator placing a sheet of material on that surface which can be identified by the camera module 111.
[0154] In some embodiments, the calibration stage may be completed with the harvester 100 operating and/or with
one or more harvested items 21 in the field of view of the camera module 111 (i.e. of the imaging sub-system 11). This
may be achieved by using the camera module 111 to identify portions of the image data which are at a generally constant
distance from the camera module 11, colour analysis of the image data to determine parts of the image data relating to
the surface rather than a harvested item 21, or by assessing the likely size of one or more harvested items 21 and then
estimating the likely distance to the surface which supports the one or more harvested items 21. In some embodiments,
the distance from the camera module 111 to an outer part of a one of the one or more harvested items 21 is determined
around at least part of a perimeter of the item 21. Then the distance from the camera module 111 to a central part of
the item 21 is determined (a central part need not be a geometric centre (although could be) but could be the closest
art of the item 21 to the camera module 111, for example. The height difference between the outer part and the central
part may be approximated to half the height of the item 21. This allows an approximation of the distance to the conveyor
(by estimating the distance to the conveyor as being, generally, the distance to the outer part plus the difference in
distance between the outer part and the central part).
[0155] The minimum distance may be set depending on the nature of the harvested items 21 - for example, it may be
expected than no one item 21 will be larger than 15cm in width/length. In some embodiments, the minimum distance
may be calculated by the processing unit 114 based on the maximum distance and a predetermined distance (which
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may be set by an operator or user). In some embodiments, the minimum distance is calculated by the processing unit
114 based a known or measured dimension of the shroud 112. For example, if the shroud 112 is known to extend for
1m below the camera module 111 and the maximum distance is 1.20cm, then no object greater than 20cm can pass
under the shroud 112 (in some embodiments) and any object closer to the camera module 111 than 1m cannot relate
to one or more harvested items 21.
[0156] The image data which has been depth filtered is, therefore, depth filtered image data.
[0157] The depth filtered image data (or the image data if no depth filtering takes place) is then analysed in order to
detect one or more harvested items 21 within the field of view of the camera module 111 (i.e. of the imaging sub-system
11). This may include the performance of various techniques which may depend on the nature (e.g. typical shape, colour,
and/or size) of the one or more items 21.
[0158] For example, the processing unit 114 may analyse the image data and/or depth filtered image data to identify
one or more circular or elliptical objects. This may include segmentation of the image data or depth filtered image data.
The segmentation may include, for example, thresholding, clustering, histogram-based methods, edge detection, region
growing, and/or the like. The segmentation may be based on the depth map or the visible light image or both. Accordingly,
segmentation may be based on two dimensional shapes or three dimensional shapes in some embodiments.
[0159] The image data or depth filtered image data has, therefore, been segmented into one or more likely harvested
items 21 - with some of the image data identified as not relating to one or more likely harvested items 21. This data is,
therefore, segmented image data and includes at least a portion which represents at least one of the one or more
harvested items 21.
[0160] The segmented image data may then be further processed in some embodiments by the processing unit 114
to exclude or delete some likely harvested items 21 which do not satisfy one or more criteria (or which, conversely, do
satisfy one or more criteria). For example, if the one or more harvested items 21 are potatoes, then the potatoes may
be covered at least partially in soil and other ground material (i.e. debris). A ball or clump of ground material may appear
to be very much like a potato. However, it may be expected that at least part of the image data of the segment for a
potato would include image data representing the likely colour of a potato - which may be substantially more yellow or
lighter than the ground material (which may be dark brown). Therefore, by performing colour analysis on the segmented
data, it may be possible to identify one or more likely harvested items 21 which are unlikely to be a harvested item 21.
[0161] In some embodiments, the camera module 111 may include a camera which is configured to capture images
in non-visible light spectra. This additional image data may be processed with the image data as discussed above and
may be used to help to exclude or delete likely harvested items 21 which are, in fact, unlikely to be harvested items 21.
[0162] In some embodiments, the segmentation process may include, for example, analysis of the distance of the
outer parts of likely harvested items 21 from the camera module 111 to determine whether they follow a predetermined
profile - which may be based on the approximate profile of a typical one of the harvested items 21. This may enable, for
example, a group of items 21 which have been segmented as one likely harvested item 21 to be separated, for example.
[0163] The segmented image data may then be further processed by the processing unit 114 to determine one or
more of a perimeter, a maximum dimension (e.g. a major and/or minor axis length), an area, a centroid, and a height of
the one or more likely harvested items 21, from the segmented image data.
[0164] In some embodiments, the height of the one or more likely harvested items 21 is determined by analysing the
segmented image data to determine an average height of the item 21 over at least part, or substantially all, of the segment
for that likely harvested item 21.
[0165] In other words, the segmented image data is analysed to determine the dimensions of the one or more likely
harvested items 21.
[0166] From the dimension information, the processing unit 114 may be configured to determine a volume of at least
one of the one or more likely harvested items 21. This may be achieved using the height of the item 21 integrated over
the area, or by modelling the item 21 as a geometric shape (such as an ellipsoid). In some embodiments, this process
may include a step of shape matching in order to determine which one of a plurality of geometric shapes most closely
matches the shape of the item 21 before that shape is then used to determine the volume.
[0167] The dimension information which is generated in these processes is associated with the segmented image
data and, in particular, with the portions (i.e. segments) of the image data to which it relates. The dimension information
may, therefore, be stored by the processing unit 114 (e.g. in the memory 114b).
[0168] The segmented image data and associated dimension information is herein referred to as sized image data -
which may be stored by the processing unit 114 (e.g. in the memory 114b).
[0169] The sized image data may then be used to determine one or more properties of the one or more harvested
items 21. For example, the size and/or weight distribution of the one or more harvested items 21 may be determined
(weight being estimated based on the volume and a predetermined approximate density for the one or more items 21).
In the case of a plurality of harvested items 21, therefore, the number of items 21 falling within predefined size and/or
weight ranges can be determined.
[0170] In some embodiments, the sized image data may be used in the performance of a virtual sieving process by
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the processing unit 114.
[0171] In accordance with the virtual sieving process, the sized image data may be processed to generate information
which is comparable to data which would have been conventionally gathered in manual sieving of the one or more
harvested items 21.
[0172] For example, the virtual sieving process may fit the one or more harvested items 21 as represented by the
sized image data to one or more virtual sizing apertures. If an item 21 would pass through the sizing aperture, then the
item 21 is classified in accordance with one or more parameters associated with that sizing aperture.
[0173] In accordance with some embodiments, the virtual sieving process comprises taking the smallest two axes and
determining whether they are smaller than the corresponding dimensions of the sizing aperture. This may include, in
some embodiments, taking the smallest two perpendicular axes in a given plane.
[0174] In some embodiments, the virtual sieving process includes modelling the harvested item 21 (from the sized
image data) as an ellipsoid, parameterising the ellipsoid according to the length of its axes. Determining the two shortest
axes 21a,21b and modelling the sizing aperture 211 of the virtual sieve 212 as a square of side length, s (see figure 14).
[0175] The item 21 will pass through the sizing aperture 211 if the following is satisfied: 

wherein ’a’ is the length along axis 21a and ’b’ is the length along axis 21b.
[0176] Using this process, therefore, the minimum size of sieve through which the item 21 would pass can be deter-
mined. These sieve sizes (i.e. the sizing aperture sizes) can then be placed into desired ranges (e.g. according to
convention in the relevant industry) to assess the one or more harvested items 21.
[0177] In some embodiments, for example, the desired ranged may be <45mm, 45-65mm, 65-80mm, and >80mm
(these being ranges of s).
[0178] The output from the virtual sieving process may generally comprise sieving data.
[0179] The sized image data and/or the sieving data may be output may be stored in the memory 114b, and/or may
be output by the processing unit 114 to the output unit 115 (for display to an operator), the storage sub-system 12 (for
storage on the storage device 121), and/or the communication sub-system 13 (for transmission to the remote management
system 3).
[0180] In some embodiments, the image data and/or filtered image data and/or sized image data and/or the sieving
data may be associated with a geographical location as determined by the location sub-system 14. Accordingly, during
harvesting, the location sub-system 14 may output location information to the processing unit 114 which then associates
the location information with the image data, etc., so that the location from which the one or more harvested items 21
was harvested can be determined. The location information (or "location data") may be of a resolution such that a location
from a field at which the item 21 was harvested can be determined. The resolution of the location data may, therefore,
be to the nearest 5m, or 10m, or 20m, 30m, or 40m, or 50m, for example.
[0181] According to some embodiments, the processing of the image data may be configured to avoid duplication of
analysis for the same harvested item 21. This can be achieved in a number of different ways.
[0182] For example, as a frame (i.e. image data from a single moment in time) is processed, an identifier may be
associated with each harvested item 21 (i.e. with each likely harvested item 21 as determined in the segmentation
process or thereafter). This identifier may be associated with one or more characteristics of that harvested item 21 which
may include, for example, the position of the harvested item 21 within the field of view of the camera module 111 (i.e.
of the imaging sub-system 11), the size of the harvested item 21, a colour of the harvested item 21, and/or the like.
When the processing unit 114 analyses the next frame of image data, then the processing unit 114 may seek to identify
each harvested item 21 within its field of view which was also present in the previous frame - e.g. using the one or more
characteristics. As harvested items 21 are likely to move in a particular direction (e.g. as dictated by a conveyor which
is conveying them) a particular harvested item 21 may move generally in this direction but may not move (or may not
move substantially) in a different direction. In each frame the one or more characteristics for a particular item 21 may
be updated. Therefore, by using the one or more of the characteristics it may be possible for the processing unit 114 to
track the one or more harvested items 21 as they travel across the field of view in a sequence of consecutive frames.
[0183] In some embodiments, therefore, only new harvested items 21 entering the field of view in a particular frame
are processed.
[0184] In some embodiments, the processing unit 14 may be configured to identify and track a sub-set (e.g. one or
more) of the harvested items 21 across the field of view. The processing unit 14 may be configured to process the image
data for the first frame in which that harvested item 21 is identified (to determine sized image data and/or sieving data)
and the next frame which is so analysed is, for example, the last frame in which that harvested item 21 is identified or
the first subsequent frame in which that harvested item 21 is not identified.
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[0185] In some embodiments, there may be one or more detectable markers on a conveyor on which the one or more
harvested items 21 are carried which can be detected by the monitoring system 1. The one or more detectable markers
may be used to determine when the next frame should be analysed. As will be appreciated, the one or more detectable
markers may be generally arrayed along a length of the conveyor on which the one or more harvested items 21 may be
carried through the field of view.
[0186] In some embodiments, the speed at which the conveyor which carries the one or more harvested items 21 is
travelling is known by the processing unit 114 - e.g. by user or operator input. This speed of travel may be used, therefore,
to time the capturing of frames for analysis so that each frame is substantially unique and consecutive with respect to
the last frame.
[0187] In some embodiments, the processing unit 114 is further configured to perform a conveyor movement detection
process.
[0188] According to the conveyor movement detection process, the processing unit 114 may analyse the image data
from a plurality of frames to determine if the conveyor which carries the one or more harvested items 21 is moving. The
output from this process may then be used to determine, for example, if a frame should be analysed to determine sized
image data and/or sieving data, for example.
[0189] The conveyor movement detection process may include a comparison between two frames which may be
consecutive frames, for example. In accordance with this process, the number of pixels of the image data (which may
be pixels of the visible light image or data from the depth map) which differs more than a threshold level between frames
is determined. If this number exceeds a minimum, then this is interpreted as movement of the conveyor; if the number
of these pixels is less than the minimum, then this is interpreted as a stationary conveyor.
[0190] In some embodiments, the depth map data is used in this process and the threshold level is approximately
2mm, or 3mm, or 4mm, or 5mm. The threshold level may be required due to noise and flicker in the depth map data.
[0191] In some embodiments a plurality of frames is averaged to arrive at an average frame of image data (visible
light or depth map data) and this is compared to the image data for either a single frame or for a plurality of frames
averaged together. The averages may be mean, median, or modal averages. Accordingly, embodiments may be con-
figured to generate and record information about the one or more harvested items 21 including the size (and/or weight)
of the one or more items 21 and the number of items 21 of a particular size (and/or weight) range.
[0192] In some embodiments, the processing unit 114 and/or the remote management system 3 may be configured
to generate one or more tabular or graphical or cartographic representations of the processed data.
[0193] For example, the processing unit 114 and/or the remote management system 3 may be configured to generate
a table which identifies the numbers of harvested items 21 which are of a particular size or fall within particular size
ranges - these may be actual sizes or size ranges or sizes and ranges as determined by the virtual sieving process.
[0194] The processing unit 114 and/or the remote management system 3 may be configured to generate a graph,
such as a histogram, showing the numbers of harvested items 21 which are of a particular size or fall within particular
size ranges - these may be actual sizes or size ranges or sizes and ranges as determined by the virtual sieving process.
[0195] The processing unit 114 and/or the remote management system 3 may be configured to generate a map
showing the numbers of harvested items 21 which are of a particular size or fall within particular size ranges - these
may be actual sizes or size ranges or sizes and ranges as determined by the virtual sieving process - based on the
location at which the items 21 were harvested. The map may be in the form of a "heat map" in which the number of
items 21 and/or the number of items 21 of a particular size or size range harvested at different geographical locations
is represented by different colours on a map. A simplified graphical representation of a map is shown in figure 15 in
which the light shading shows the path of the harvester 100 through the field 200 and the dark shading shows the location
at which items 21 meeting the specified criteria (e.g. size or size range) were harvested or where most of those items
21 were harvested. The figure is simplified as there may be more information shown about the number of items 21 using
additional shades or colours, for example.
[0196] In some embodiments, the sized image data, the sieving data, and/or the generated representations may be
associated with the container 107 or containers 107 to which the items 21 are delivered - e.g. by associating the data
and/or the representation with an identifier for the container 107 or containers 107.
[0197] A date and/or time may be associated with the sized image data, the sieving data, and/or the generated
representations. This date and/or time may be indicative of the date and/or time of harvesting and may be stored in
association with that data or representation in generally the same location.
[0198] As will be appreciated, the information which is generated by the monitoring system 1 may be generated as
the one or more harvested items 21 are harvested. This can have notable advantages in ensuring the efficient handling
and processing of the one or more harvested items 21 because the information is known from a very early stage.
[0199] For example, the determined size information can be compared to one or more orders from customers such
that the one or more harvested items 21 (e.g. by the container 107) may be allocated to a particular order and processed
in accordance with the requirements for that order.
[0200] In some embodiments, the subsequent processing of the one or more harvested items 21 may be prioritised
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(e.g. automatically) in accordance with the size information determined by the monitoring system 1 or the monitoring
and management system 4.
[0201] In some embodiments, the size information can be analysed to determine the locations at which particular sizes
of harvested items 21 have been historically harvested. This may enable targeted harvesting of harvestable items 22 to
meet a particular order or request.
[0202] In some embodiments, the conditions at one or more locations can be assessed based on the size information
and one or more actions taken to alter those decisions as a result - e.g. the application of a fertiliser.
[0203] One or more of these resulting actions may be implemented in an automated manner - e.g. by the remote
management system 3 instructing equipment to perform the resulting actions.
[0204] Although embodiments have been described with reference to the provision of a monitoring system 1 which is
fitted to a harvester 100 (and which may be retrofitted to a harvester 100), some embodiments encompass a harvester
100 which is manufactured with the monitoring system 1. In some such embodiments, one or more of the components
of the monitoring system 1 may be shared with one or more other functions and/or systems of the harvester 100. For
example, the location sub-system 12 may be part of a navigation system for the harvester 100 (or the tractor 300), and
the like.
[0205] As mentioned herein, information about the one or more harvested items 21 may be displayed using the remote
management system 3 and the remote management system 3 may be provided within the harvester 100 in some
embodiments. In some such embodiments, the remote management system 3 may be provided in the cab 104 of the
harvester 100 (or in the cab 303 of the tractor 300).
[0206] In some embodiments, the remote management system 3 is configured to communicate with a plurality of
monitoring systems 1 which are each associated with a different harvester 100 (see figure 13, for example). The infor-
mation output by the monitoring systems 1 may be collated in the remote management system 3 which may be further
configured to assess trends and make predictions regarding, for example, crop yields, based on the received information.
[0207] The following methods and techniques are described in relation to potato harvesting, but it should be appreciated
that references potatoes should be construed generally as referring to harvestable items 22. Harvestable items 22 may
be any root vegetables which are buried underground.
[0208] Photometric stereo is a technique which employs a single camera and a set of at least three lights in known
locations. Here, rather than calculating a depth image or a point cloud, a surface normal field is recovered from an object
that is illuminated from different directions while a viewing direction is held constant (see figure 28, for example). The
fraction of the incident illumination reflected in a particular direction is dependent on the surface orientation - this can
be modelled using Lambert’s Law. Therefore, when the directions of incident illumination are known and the radiance
values are recorded, the surface orientation can then be derived.
[0209] Three views can be sufficient to uniquely determine the surface normals as well as albedos at each image
point, provided that the directions of incident illumination are not collinear in azimuth. Four illuminants/views can be
employed for improved reconstruction performance.
[0210] The equations involved in determining the albedo and surface normal vectors from the three recovered images
can be derived:-
[0211] Let, l1(x, y), l2(x, y) and l3(x, y) be the three images captured under varied illumination directions. By varying
the illumination direction, the reflectance map is changed accordingly, giving equation (1).

where R1(p, q), R2(p, q) and R3(p, q) are the reflectance maps under different illumination directions, while p and q are
gradients of the surface in the x and y directions, respectively. A general reflectance map in the gradient representation
of the surface orientation and illumination direction may be expressed in equation (2).

where  is the albedo,
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defines the surface normal vector, and

defines the illumination direction. Let the surface be z = f(x,y), the gradients in x and y directions become:

[0212] These equations are derived under the assumptions that 1) the object size is small relative to the viewing
distance. 2) The surface is Lambertian. 3) The surface is exempt from cast-shadows or self-shadows.
[0213] The Photometric stereo method reconstructs one surface normal vector per pixel and, therefore, it is capable
of recovering surface normals in high resolution. 3D reconstructions by Photometric stereo are spatially consistent with
Photometric stereo images (greyscale) captured by a single camera. This eliminates the correspondence problem that
perplexes binocular vision solutions, i.e., the problem of ascertaining how pixels in one image spatially correspond to
those in the other image. Furthermore, the resolution of Photometric stereo reconstructions is flexible and is solely
determined by the camera employed thereby allowing Photometric stereo to be configured for a specific device or
application. In contrast, data obtained by RGB-D cameras are normally of low spatial and depth resolution which severely
degrade as the sensor-object distance increases. In addition, Photometric stereo reconstructions provide detailed high-
frequency 3D texture information. 3D depth information may also be derived from Photometric stereo surface normals
when necessary (although some errors can be introduced during this step). In contrast to Photometric stereo, binocular
stereo is more prone to noise and artefacts since it directly recovers depth of surface (image centred) data rather than
surface orientations (object centred). Although being highly accurate and of high resolution, Photometric stereo devices
can be constructed at a similar or lower cost to the RGB-D or Kinect(RTM) camera with the potential flexibility of being
portable or long-range. It is, therefore, a powerful solution to 3D imaging.
[0214] Despite these potential advantages, utilisation of photometric stereo in machine vision applications has been
rather limited in comparison to other techniques such as the RGB-D camera. This is perhaps because RGB-D cameras
are available off the shelf at low cost in the form of devices such as the Kinect(RTM) but this is not true of photometric
stereo, where instead the user is obliged to mount and configure a camera and a set of lights in known orientations. In
addition, it is necessary to switch each light at high speed and in exact synchronisation with the image capture - all of
which can prove to be a considerable challenge in terms of instrumentation and programming. Another reason is that
the RGB-D camera, as the name suggests, concurrently produces RGB and depth images for a given scene. In contrast,
implementing photometric stereo requires processing and combining image intensities and to ensure maximum resolution
when doing this, grey-scale cameras are usually employed - consequently the albedos often emerge as grey-scale
images. It is possible to also capture RGB images by replacing the grey scale camera with a colour one. This may be
used in the field for plant analysis.
[0215] In addition to recovering the texture and shape of the surface, photometric stereo provides a robust means of
separating surface 3D and 2D textures - thereby providing good quality 3D surface data and accurate colour data in
situations where conventional images would reflect hue effects or changes in surface pigmentation. Once the 3D surface
shape data has been recovered, it must be analysed in order to identify meristems for implementing directed weeding.
This may be analysed by employing two metrics: "Shape Index", as proposed by Koenderink and "HK Segmentation"
(based on "principal curvatures" calculated using the Hessian matrix of the second order partial differentials of the
surface). Tests have indicated that the HK-measure gives a better indication of where the meristem may fall, compared
to the shape index.
[0216] A major advantage of photometric stereo is that the surface can be analysed in 3D at a generally much higher
resolution than is the case for other methods - it is only limited by the imaging resolution of the camera/lens employed.
Consequently, the use of photometric stereo also offers potential to employ machine vision for generating new advanced
capabilities for plant analysis such as phenotyping.
[0217] A four source Photometric stereo system is incapable of capturing data from a moving platform as motion
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between the first and last frame would prevent successful calculation of the surface normals. Therefore, a two-source
method may be used which allows calculation of the surface gradient in one direction (2.5 dimensions). This method
requires lights to be in line with the x-axis of the camera (i.e. the direction of movement) in order to recover surface
normals in that plane. In some embodiments, two near-infrared line lights may recover a surface normal from a tile
moving along a conveyor. Although this may not allow full 3D reconstruction of the surface, the gradient along the x-
direction is sufficient to obtain useful representation of surface shapes - thereby enabling segmentation of moulding
defects. The situation for plant analysis is similar in that the surface normal data using only two sources is incomplete,
but the component in the x plane can still be used for locating the meristem. This may be achieved by manually labelling
the meristems in a series of plant gradient maps, and using this location data for training a classifier. The classifier may
then used to scan gradient maps of other plants to identify similar gradient features (with strength of match indicated by
a heat-map), thereby locating a meristem. Tests have shown that although identification of the plant meristems is more
challenging than in the case of four light Photometric stereo, it may still be acceptable. On-going work involves further
increasing the resolution of the gradient maps, combined with more powerful neural network modelling with the aim of
increasing meristem location reliability over a wide range of plant types.
[0218] Following on from weed detection methods, newly emerging low-cost vision technologies are being employed
to gather 3D potato tuber data in the field, during harvesting.
[0219] Various characteristics of critical interest may be detected by recovering the texture and shape of a potato
surface. These may include the presence of disease (e.g. potato blight or fungal infection), damage due to fauna (pests
in the soil), damage sustained during harvesting and/or the presence of substantial soil on the potato.
[0220] The application of Photometric stereo techniques to in-depth potato analysis is a promising area and is the
subject of ongoing research.
[0221] Potato metrology systems are operable with a relatively wide range of potato sizes, for example, <45 mm,
45-65 mm, 65-80 mm and 80+ mm. There is often an over-estimation of the major axis (length), due to potatoes not
being true ellipsoids in shape; however, by only use the minor axis (width) and height in the sizing estimation, the quality
of the resulting size gradings has not been found to be affected.
[0222] Power supplies for portable Photometric stereo have also been trialled. It would be expected that the potato
metrology system could operate from a tractor power supply, with the power supply only being needed to allow a computer
to shut down cleanly when it detected that the line in was disconnected, and also to "clean" a signal from the tractor to
produce a reliable 19V output. However, it has shown that it would be advisable to run the system from a separate 12
lead-acid accumulator (i.e. a car battery) and to employ the tractor power only for charging the battery.
[0223] When used in this specification and claims, the terms "comprises" and "comprising" and variations thereof
mean that the specified features, steps or integers are included. The terms are not to be interpreted to exclude the
presence of other features, steps or components.

Claims

1. A harvester monitoring system (1) configured to determine one or more parameters associated with harvested items
(21), the system comprising:

a camera module (111) having a field of view and configured to generate image data associated with the
harvested items; items (21),
a mounting bracket (113) configured to secure the camera module (111) to a harvester (100) such that a conveyor
(108) of the harvester is within the field of view of the camera module (111);
a location sub-system (14) configured to determine and output location data representative of a geographical
location of the harvester monitoring system; and
a processing unit (114) configured to receive the image data and the location data, to determine one or more
parameters associated with the harvested items (21), and to record the one or more parameters in association
with the location data on a computer readable medium (121),
wherein the camera module (111) is configured to determine depth data for the harvested items, and charac-
terized in that the processing unit (114) is further configured to identify a first harvested item (21) of the harvested
items (21) in a first frame of the image data and to use the or each parameter to identify the first harvested item
(21) in one or more subsequent frames of the image data, so as to track the first harvested item (21) as it travels
across the field of view of the camera module (111) in a sequence of consecutive frames of the image data.

2. A harvester monitoring system according to claim 1, wherein the depth data is a depth map.

3. A harvester monitoring system according to claim 1 or 2, wherein the camera module (111) includes a stereoscopic
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camera (111).

4. A harvester monitoring system according to claim 1 or 2, wherein the camera module (111) includes a visible light
camera, an infra-red transmitter, and an infra-red receiver, and the depth data is determined by analysis of a distortion
pattern of infra-red light emitted by the infra-red transmitter and received by the infra-red receiver.

5. A harvester monitoring system according to any preceding claim, wherein the camera module (111) includes a
shroud (112) configured to shield a camera of the camera module (111) from ambient light, wherein the shroud
(112) includes a downwardly and outwardly extending skirt at a part of the shroud (112) which is remote from the
camera of the camera (111).

6. A harvester monitoring system according to any preceding claim, wherein the mounting bracket (113) is an adjustable
bracket which is configured to allow the height of the camera module (111) from the conveyor (108) to be adjusted.

7. A harvester monitoring system according to any preceding claim, wherein the mounting bracket (113) includes at
least one mounting beam member (113a) with one or more mounting hooks (113b) associated therewith, the one
or more mounting hooks (113b) being configured to engage at least part of the harvester (100) and, optionally,
wherein the one or more mounting hooks (113b) include at least one mounting hook (113b) which is telescopically
secured to the at least one mounting beam member (113a).

8. A harvester monitoring system according to any preceding claim,
wherein the processing unit (114) is configured to depth filter the image data to exclude or delete parts of the image
data which are more than a maximum distance away from the camera module, AND/OR
wherein the processing unit (114) is configured to depth filter the image data to exclude or delete parts of the image
data which are less than a minimum distance away from the camera module, AND/OR
wherein the processing unit (114) is configured to segment the image data into at least one portion which represents
one of the harvested items.

9. A harvester monitoring system according to any preceding claim, wherein the one or more parameters include size
information, wherein the size information includes one or both of a dimension of the harvested items and a weight
of the harvested items, and wherein the processing unit is configured to categorise the harvested items based on
the size information.

10. A harvester monitoring system according to claim 9, wherein the processing unit (114) is configured to categorise
the harvested items by determining whether the harvested items would pass through a sizing aperture of a virtual
sieve base on the sizing information.

11. A harvester monitoring system according to any preceding claim,
further including a storage sub-system (12) which is configured to store the one or more parameters in association
with the location data, AND/OR
further including a communication sub-system (13) which is configured to transmit the one or more parameters in
association with the location data to a remote management system, AND/OR
further including a power sub-system (15) which includes one or more batteries (152) which are used to compensate
for variations in electrical power delivered to the monitoring system by an electrical system of the harvester or to
provide the monitoring system with electrical power which has a higher voltage than a voltage of the electrical power
delivered by the electrical system of the harvester.

12. A harvester monitoring system according to any preceding claim, wherein the location information is indicative of
the location at which the items (21) were harvested.

13. A harvester (100) including a harvester monitoring system (1) according to any preceding claim, wherein the harvester
monitoring system (1) is carried by the harvester (100).

14. A monitoring method to determine one or more parameters associated with harvested items, the method comprising:

generating image data associated with the harvested items using a camera module having a field of view, the
camera module being secured by a mounting bracket to a harvester such that a conveyor of the harvester is
within the field of view of the camera module;



EP 3 557 972 B1

20

5

10

15

20

25

30

35

40

45

50

55

determining and outputting location data representative of a geographical location of the harvester monitoring
system using a location sub-system;
receiving the image data and the location data at a processing unit;
determining one or more parameters associated with the harvested items at the processing unit based on the
received image data; and
recording, using the processing unit, the one or more parameters in association with the location data on a
computer readable medium,
wherein the camera module is configured to determine depth data for the harvested items, and
wherein the processing unit is further configured to identify a first harvested item of the harvested items in a
first frame of the image data and to use the or each parameter to identify the first harvested item in one or more
subsequent frames of the image data, so as to track the first harvested item as it travels across the field of view
of the camera module in a sequence of consecutive frames of the image data.

15. A computer readable medium (121) having instructions stored thereon which, when executed by a processing unit,
cause the method of claim 14 to be performed.

Patentansprüche

1. Erntemaschinen-Überwachungssystem (1), das dafür konfiguriert ist, einen oder mehrere mit geernteten Produkten
(21) assoziierte Parameter zu bestimmen, wobei das System umfasst:

ein Kameramodul (111), das ein Sichtfeld aufweist und dafür konfiguriert ist, Bilddaten, die mit den geernteten
Produkten assoziiert sind, zu erzeugen; Produkte (21),
eine Montagehalterung (113), die dafür konfiguriert ist, das Kameramodul (111) an einer Erntemaschine (100)
zu sichern, sodass ein Förderer (108) der Erntemaschine innerhalb des Sichtfelds des Kameramoduls (111) ist;
ein Positionssubsystem (14), das dafür konfiguriert ist, für eine geographische Position des Erntemaschinen-
Überwachungssystems repräsentative Positionsdaten zu bestimmen und auszugeben; und
eine Verarbeitungseinheit (114), die dafür konfiguriert ist, die Bilddaten und die Positionsdaten zu empfangen,
um einen oder mehrere mit den geernteten Produkten (21) assoziierte Parameter zu bestimmen und den einen
oder mehrere Parameter in Zusammenhang mit den Positionsdaten auf einem computerlesbaren Medium (121)
aufzuzeichnen,
wobei das Kameramodul (111) dafür konfiguriert ist, Tiefendaten für die geernteten Produkte zu bestimmen, und
dadurch gekennzeichnet, dass die Verarbeitungseinheit (114) ferner dafür konfiguriert ist, ein erstes geern-
tetes Produkt (21) der geernteten Produkte (21) in einem ersten Frame der Bilddaten zu identifizieren und den
oder jeden Parameter zu verwenden, um das erste geerntete Produkt (21) in einem oder mehreren nachfol-
genden Frames der Bilddaten zu identifizieren, um so das erste geerntete Produkt (21) zu verfolgen, während
es sich in einer Sequenz von konsekutiven Frames der Bilddaten über das Sichtfeld des Kameramoduls (111)
bewegt.

2. Erntemaschinen-Überwachungssystem nach Anspruch 1, wobei die Tiefendaten eine Tiefenkarte sind.

3. Erntemaschinen-Überwachungssystem nach Anspruch 1 oder 2, wobei das Kameramodul (111) eine stereoskopi-
sche Kamera (111) beinhaltet.

4. Erntemaschinen-Überwachungssystem nach Anspruch 1 oder 2, wobei das Kameramodul (111) eine Kamera für
sichtbares Licht, einen Infrarotsender und einen Infrarotempfänger beinhaltet und die Tiefendaten durch Analyse
eines Verzerrungsmusters des Infrarotlichts, das von dem Infrarotsender emittiert und von dem Infrarotempfänger
empfangen wird, bestimmt werden.

5. Erntemaschinen-Überwachungssystem nach einem vorhergehenden Anspruch, wobei das Kameramodul (111)
eine Umhüllung (112) beinhaltet, die dafür konfiguriert ist, eine Kamera des Kameramoduls (111) gegen Umge-
bungslicht abzuschirmen, wobei die Umhüllung (112) eine sich nach unten und nach außen erstreckende Schürze
an einem Teil der Umhüllung (112), der fern von der Kamera des Kameramoduls (111) ist, beinhaltet.

6. Erntemaschinen-Überwachungssystem nach einem vorhergehenden Anspruch, wobei die Montagehalterung (113)
eine verstellbare Halterung ist, die dafür konfiguriert ist, die Höhe des Kameramoduls (111) gegenüber dem Förderer
(108) verstellen zu können.
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7. Erntemaschinen-Überwachungssystem nach einem vorhergehenden Anspruch, wobei die Montagehalterung 113)
mindestens ein Montageträgerelement (113a) mit einem oder mehreren damit assoziierten Montagehaken (113b)
beinhaltet, wobei der eine oder mehrere Montagehaken (113b) dafür konfiguriert sind, mindestens einen Teil der
Erntemaschine in Eingriff zu nehmen; (100) und,
wahlweise, wobei der eine oder mehrere Montagehaken (113b) mindestens einen Montagehaken (113b) beinhalten,
der teleskopisch an dem mindestens einen Montageträgerelement (113a) gesichert ist.

8. Erntemaschinen-Überwachungssystem nach einem vorhergehenden Anspruch, wobei die Verarbeitungseinheit
(114) dafür konfiguriert ist, eine Tiefenfilterung der Bilddaten vorzunehmen, um Teile der Bilddaten, die mehr als
einen maximalen Abstand von dem Kameramodul weg sind, auszuschließen oder zu löschen, UND/ODER
wobei die Verarbeitungseinheit (114) dafür konfiguriert ist, eine Tiefenfilterung der Bilddaten vorzunehmen, um Teile
der Bilddaten, die weniger als einen minimalen Abstand von dem Kameramodul weg sind, auszuschließen oder zu
löschen, UND/ODER
wobei die Verarbeitungseinheit (114) dafür konfiguriert ist, die Bilddaten in mindestens einen Abschnitt, der eines
der geernteten Produkte repräsentiert, zu segmentieren.

9. Erntemaschinen-Überwachungssystem nach einem vorhergehenden Anspruch, wobei der eine oder mehrere Pa-
rameter Größeninformationen beinhalten, wobei die Größeninformationen eines oder beide von einer Dimension
der geernteten Produkte und einem Gewicht der geernteten Produkte beinhalten, und wobei die Verarbeitungseinheit
dafür konfiguriert ist, die geernteten Produkte auf Basis der Größeninformationen zu kategorisieren.

10. Erntemaschinen-Überwachungssystem nach Anspruch 9, wobei die Verarbeitungseinheit (114) dafür konfiguriert
ist, die geernteten Produkte zu kategorisieren, indem bestimmt wird, ob die geernteten Produkte durch eine Grö-
ßenbestimmungsöffnung eines virtuellen Siebs auf Basis der Größenbestimmungsinformationen gelangen würden.

11. Erntemaschinen-Überwachungssystem nach einem vorhergehenden Anspruch, das

ferner ein Speicherungssubsystem (12) beinhaltet, das dafür konfiguriert ist, den einen oder mehrere Parameter
in Zusammenhang mit den Positionsdaten zu speichern, UND/ODER
ferner ein Kommunikationssubsystem (13) beinhaltet, das dafür konfiguriert ist, den einen oder mehrere Para-
meter in Zusammenhang mit den Positionsdaten an ein Fernverwaltungssystem zu übertragen, UND/ODER
ferner ein Stromsubsystem (15) beinhaltet, das eine oder mehrere Batterien (152) beinhaltet, die benutzt werden,
um Variationen des elektrischen Stroms, der dem Überwachungssystem von einem elektrischem System der
Erntemaschine zugeführt wird, auszugleichen oder um das Überwachungssystem mit elektrischem Strom zu
versorgen, der eine höhere Spannung als eine Spannung des elektrischen Stroms, der von dem elektrischen
System der Erntemaschine zugeführt wird, aufweist.

12. Erntemaschinen-Überwachungssystem nach einem vorhergehenden Anspruch, wobei die Positionsinformationen
indikativ für die Position sind, in der die Produkte (21) geerntet wurden.

13. Erntemaschine (100) einschließlich eines Erntemaschinen-Überwachungssystems (1) nach einem vorhergehenden
Anspruch, wobei das Erntemaschinen-Überwachungssystem (1) von der Erntemaschine (100) mitgeführt wird.

14. Überwachungsverfahren zur Bestimmung eines oder mehrerer mit geernteten Produkten assoziierter Parameter,
wobei das Verfahren umfasst:

Erzeugen von mit den geernteten Produkten assoziierten Bilddaten mithilfe eines ein Sichtfeld aufweisenden
Kameramoduls, wobei das Kameramodul durch eine Montagehalterung an einer Erntemaschine gesichert ist,
sodass ein Förderer der Erntemaschine innerhalb des Sichtfelds des Kameramoduls ist;
Bestimmen und Ausgeben von Positionsdaten, die für eine geographische Lage des Erntemaschinen-Überwa-
chungssystems repräsentativ sind, mithilfe eines Positionssubsystems;
Empfangen der Bilddaten und der Positionsdaten an einer Verarbeitungseinheit;
Bestimmen eines oder mehrerer Parameter, die mit den geernteten Produkten assoziiert sind, an der Verar-
beitungseinheit auf Basis der empfangenen Bilddaten; und
Aufzeichnen, mithilfe der Verarbeitungseinheit, des einen oder mehrerer Parameter in Zusammenhang mit den
Positionsdaten auf einem computerlesbaren Medium,
wobei das Kameramodul dafür konfiguriert ist, Tiefendaten für die geernteten Produkte zu bestimmen, und
wobei die Verarbeitungseinheit ferner dafür konfiguriert ist, ein erstes geerntetes Produkt der geernteten Pro-
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dukte in einem ersten Frame der Bilddaten zu identifizieren und den oder jeden Parameter zu verwenden, um
das erste geerntete Produkt in einem oder mehreren nachfolgenden Frames der Bilddaten zu identifizieren, um
so das erste geerntete Produkt zu verfolgen, während es sich in einer Sequenz von konsekutiven Frames der
Bilddaten über das Sichtfeld des Kameramoduls bewegt.

15. Computerlesbares Medium (121) mit darauf gespeicherten Anweisungen, die beim Ausführen durch eine Verarbei-
tungseinheit bewirken, dass das Verfahren nach Anspruch 14 durchgeführt wird.

Revendications

1. Système de contrôle de moissonneuse (1) configuré pour déterminer un ou plusieurs paramètres associés aux
produits récoltés (21), le système comprenant :

un module de caméra (111) ayant un champ de vision et conçu pour générer des données d’image associées
aux produits récoltés ; produits (21),
un support de fixation (113) configuré pour fixer le module de caméra (111) sur une moissonneuse (100) de
sorte qu’un convoyeur (108) de la moissonneuse se trouve dans le champ de vision du module de caméra ;
un sous-système de localisation (14) configuré pour déterminer et fournir des données de localisation repré-
sentatives d’un emplacement géographique du système de contrôle de moissonneuse ; et
un module de traitement (114) configuré pour recevoir les données d’image et les données de localisation, pour
déterminer un ou plusieurs paramètres associés aux produits recoltés, et pour enregistrer le ou les paramètres
associés aux données de localisation sur un support informatique (121)
dans lequel le module de caméra (111) est configuré pour déterminer des données de profondeur relatifs aux
produits récoltés, et caractérisé en ce que le module de traitement (114) est configuré en outre pour identifier
un premier produit récolté (21) parmi les produits récoltés (21) dans une première trame des données d’image
et pour utiliser le ou chaque paramètre pour identifier le premier produit récolté (21) dans une ou plusieurs
trames suivantes de données d’image, de façon à suivre le premier produit récolté (21) alors qu’il traverse le
champ de vision du module de caméra (111) selon une séquence de trames consécutives de données d’image.

2. Système de contrôle de moissonneuse selon la revendication 1, dans lequel les données de profondeur sont une
cartographie de profondeur.

3. Système de contrôle de moissonneuse selon la revendication 1 ou 2, dans lequel le module de caméra (111)
comprend une caméra stéréoscopique (111).

4. Système de contrôle de moissonneuse selon la revendication 1 ou 2, dans lequel le module de caméra (111)
comprend une caméra lumière visible, un émetteur infrarouge et un récepteur infrarouge, et les données de pro-
fondeur sont déterminées par analyse d’un motif de distorsion de la lumière infrarouge émise par l’émetteur infrarouge
et reçue par le récepteur infrarouge.

5. Système de contrôle de moissonneuse selon l’une quelconque des revendications précédentes, dans lequel le
module de caméra i (111) comprend un capot (112) configuré pour protéger une caméra du module de caméra
(111) de la lumière ambiante, dans lequel le capot (112) comprend une jupe s’étendant vers le bas et vers l’extérieur
au niveau d’une partie du capot (112) à distance de la caméra de la caméra (111).

6. Système de contrôle de moissonneuse selon l’une quelconque des revendications précédentes, dans lequel le
support de fixation i (113) est un support réglable conçu pour permettre le réglage de la hauteur du module de
caméra (111) par rapport au convoyeur.

7. Système de contrôle de moissonneuse selon l’une quelconque des revendications précédentes, dans lequel le
support de fixation i (113) comprend au moins une poutrelle de fixation (113a) dotée d’un ou de plusieurs crochets
de fixation (113b) associés à celle-ci, le ou les crochets de fixation (113b) étant conçus pour venir en prise avec au
moins une partie de la moissonneuse ; (100) et,
de manière optionnelle, dans lequel le ou les crochets de fixation i (113b) comprennent au moins un crochet de
fixation (113b) fixé de manière télescopique sur la au moins une poutrelle de fixation (113a).

8. Système de contrôle de moissonneuse selon l’une quelconque des revendications précédentes, dans lequel le
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module de traitement i (114) est configuré pour filtrer en profondeur les données d’image afin d’exclure ou de
supprimer des parties des données d’image se trouvant à plus d’une distance maximale du module de caméra, ET/OU
dans lequel le module de traitement i (114) est configuré pour filtrer en profondeur les données d’image afin d’exclure
ou de supprimer des parties des données d’image se trouvant à moins d’une distance minimale du module de
caméra , ET/OU
dans lequel le module de traitement i (114) est configuré pour segmenter les données d’image dans au moins une
partie représentant l’un des produits récoltés.

9. Système de contrôle de moissonneuse selon l’une quelconque des revendications précédentes, dans lequel le ou
les paramètres comprennent des informations sur la taille, dans lequel les informations sur la taille comprennent
une ou les deux parmi une dimension des produits récoltés et un poids des produits récoltés, et dans lequel le
module de traitement est configuré pour classer les produits récoltés en fonction des informations sur la taille.

10. Système de contrôle de moissonneuse selon la revendication 9, dans lequel l’unité de traitement (114) est configurée
pour classer les produits récoltés en déterminant si les produits récoltés pourraient passer à travers une ouverture
de dimensionnement d’un fond de tamis virtuel sur les informations de dimensionnement.

11. Système de contrôle de moissonneuse selon l’une quelconque des revendications précédentes, comprenant en
outre un sous-système de stockage (12) configuré pour stocker le ou les paramètres associés aux données de
localisation, ET/OU
comprenant en outre un sous-système de communication (13) configuré pour transmettre le ou les paramètres
associés aux données de localisation à un système de gestion à distance, ET/OU
comprenant en outre un sous-système d’alimentation (15) comprenant une ou plusieurs batteries (152) utilisées
pour compenser les variations de l’alimentation électrique fournie au système de contrôle par un circuit électrique
de la moissonneuse ou pour fournir au système de contrôle une tension d’alimentation électrique supérieure à une
tension de l’alimentation électrique fournie par le circuit électrique de la moissonneuse.

12. Système de contrôle de moissonneuse selon l’une quelconque des revendications précédentes, dans lequel les
informations de localisation indiquent l’emplacement où les produits (21) ont été récoltés.

13. Moissonneuse (100) comprenant un système de contrôle de moissonneuse (1) selon l’une quelconque des reven-
dications précédentes, dans laquelle le système de contrôle de moissonneuse (1) est monté sur la moissonneuse
(100).

14. Procédé de contrôle permettant de déterminer un ou plusieurs paramètres associés à des produits récoltés, le
procédé comprenant :

la génération de données d’image associées aux produits récoltés à l’aide d’un module de caméra doté d’un
champ de vision, le module de caméra étant fixé par un support de fixation sur la moissonneuse de sorte qu’un
convoyeur de la moissonneuse se trouve dans le champ de vision du module de caméra ;
la détermination et l’émission de données de localisation représentatives d’un emplacement géographique du
système de contrôle de moissonneuse à l’aide d’un sous-système de localisation ;
la réception des données d’image et des données de localisation par un module de traitement ;
la détermination d’un ou de plusieurs paramètres associés aux produits récoltés par le module de traitement
sur la base des données d’image reçues ; et
l’enregistrement, à l’aide du module de traitement, du ou des paramètres associés aux données de localisation
sur un support informatique,
dans lequel le module de caméra est configuré pour déterminer des données de profondeur relatifs aux produits
récoltés, et
dans lequel le module de traitement est configuré en outre pour identifier un premier produit récolté parmi les
produits récoltés dans une première trame de données d’image et pour utiliser le ou chaque paramètre afin
d’identifier le premier produit récolté dans une ou plusieurs des trames suivantes des données d’image, de
façon à suivre le premier produit récolté alors qu’il traverse le champ de vision du module de caméra selon une
séquence de trames consécutives de données d’image.

15. Support informatique (121) sur lequel sont stockées des consignes qui, lorsqu’elles sont exécutées par un module
de traitement, entraînent l’exécution du procédé de la revendication 14.
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