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Abstract

Sorting device for agricultural products and corresponding method

The invention relates to a sorting device for sorting agricultural products coming from
a bulk flow, comprising: an image acquisition unit, an image processing unit
configured to identify and analyze each product in said bulk flow, a decision unit
configured to determine the products to be separated, a separation unit arranged to
separate at least some of said products coming from the bulk flow, and a unit for
conveying the agricultural products in the form of bulk flow. The sorting device also
includes a means for turning over the agricultural products on themselves, mounted
in the conveying unit facing the image acquisition unit, and configured to allow an
exposure to the image acquisition unit, of the different parts of the conveyed

agricultural products. The invention also relates to the corresponding sorting method.

Figure for the abstract: Fig.1.
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Sorting device for agricultural products and corresponding method

Technical field

[0001] The present invention relates to the field of agricultural machines, and more
particularly to the field of machines for sorting bulbs, such as potatoes, onions,

carrots, etc.
Prior art

[0002] It is known to use sorting machines in the agricultural field for processing a

bulk flow of agricultural products such as bulbs.

[0003] Thus, it is known to sort a bulk flow of potatoes in order to remove foreign
bodies therefrom, in particular clods of earth or stones. To this end, it is known to
use infrared cameras or ultraviolet lighting to differentiate the clods of earth and

stones from the potatoes.

[0004] Once the clods of earth or stones have been identified by the infrared
cameras or ultraviolet lighting, the device includes a finger separation means that

allows conveying said clods of earth or stones to the waste.
[0005] Such a device is in particular described in patent EP 2 411 164 B1.

[0006] Such a device is particularly effective and allows automatically making a first
sorting between the potatoes and the foreign bodies harvested at the same time

as the potatoes.

[0007] However, such a sorting device does not allow sorting the bulbs together
because they are considered as identical when they are analyzed by an infrared
camera or illuminated by ultraviolet radiation. The sorting of the bulbs together

can thus only be made by hand, which involves high processing time and cost.

[0007A] Reference to any prior art in the specification is not an acknowledgement or
suggestion that this prior art forms part of the common general knowledge in any
jurisdiction or that this prior art could reasonably be expected to be combined

with any other piece of prior art by a skilled person in the art.
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Disclosure of the invention

[0008] The present invention, in embodiments, aims to solve the different technical

problems set out above. Particularly, the present invention, in embodiments, aims
to propose a machine for sorting agricultural products, in particular bulbs,
according to different criteria, in particular based on the external appearance of
the agricultural product. More specifically, the present invention, in embodiments,
aims to propose a sorting machine that allows making a precise and adaptable

selection.

[0009] Thus, according to one aspect, a sorting device is proposed for sorting

agricultural products, for example bulbs and more particularly potatoes, carrots or
onions, coming from a bulk flow, comprising:

- an image acquisition unit configured to record images of said bulk flow,

- an image processing unit receiving as inputs the images recorded by said
image acquisition unit, said image processing unit being configured to identify
each product and analyze in particular the visual appearance of the products in
said bulk flow from said recorded images,

- a decision unit connected to said image processing unit and configured to
determine, from the visual appearance of the products, the products to be
separated and to provide a corresponding control signal,

- a separation unit receiving as input the control signal and arranged to separate
at least some of said products coming from the bulk flow according to the control
signal, and

- a unit for conveying the agricultural products in the form of bulk flow, from the

image acquisition unit to the separation unit.

[0010] Particularly, the sorting device also includes a means for turning over the

agricultural products on themselves, mounted in the conveying unit facing the
image acquisition unit, and configured to allow an exposure to the image

acquisition unit, of the different parts of the conveyed agricultural products.

[0011] Thus, the sorting device according to embodiments of the present invention is

configured to allow a sorting of the products according to their visual appearance,

by providing a means for turning over the products in the field of the image
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acquisition unit, in order to allow the external analysis of the products and thus be

able to categorize them according to determined criteria.

[0012] Preferably, the processing unit is also configured to monitor, in particular in
real time, each product on the conveying unit, in said bulk flow, including during

its turning over on the turning means.

[0013] As the device has to perform the analysis of the images provided by the
image acquisition unit before being able to send the control signal to the
separation unit, and the analysis of the images may require some time, real-time
monitoring of the products is provided in order to know their location during the
analysis time. This allows in particular being able to sort them correctly upon their

passage in the separation unit.

[0014] Preferably, the conveying unit also comprises an intermediate portion
disposed downstream of the turning means, and conveying the agricultural

products to the separation unit.

[0015] The intermediate portion is provided to leave time for the processing unit in
order to analyze the images provided by the image acquisition unit. The
intermediate portion can thus be provided to allow the real-time monitoring of the
products conveyed therein, or can be configured to convey the products while

maintaining, at the exit, their respective entry positioning.

[0016] Preferably, the intermediate portion is configured to maintain the relative
position of the agricultural products in the bulk flow during their conveying

through the intermediate portion to the separation unit.

[0017] In this case, it is no longer necessary to perform real-time monitoring in the
intermediate portion: it is sufficient to know the positioning of the different
products at the inlet of the intermediate portion and to know the duration of
conveying of the products through the intermediate portion, in order to be able to

correctly sort the products at the outlet of the intermediate portion.

[0018] Preferably, the intermediate portion is also positioned facing the acquisition

unit.
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[0019] In this case, the real-time monitoring of the products using the images
provided by the acquisition unit can continue during the conveying of the products

through the intermediate portion.

[0020] Preferably, the acquisition unit includes at least one camera, and optionally: at
least one light source, mounted above, preferably in line with, a portion of the
conveying unit, and a casing covering said at least one camera, said at least one

light source, and said portion of the conveying unit.

[0021] The acquisition unit is configured to allow an image capture for subsequent
processing by the processing unit. To this end, the acquisition unit includes
elements that allow obtaining the same capture conditions, in particular
regardless of the external conditions in particular sunlight conditions. Thus, a
casing and at least one light source are intended to provide uniform and constant

lighting conditions on the products to be sorted.

[0022] Preferably, the separation unit includes fingers, preferably uniformly
distributed over the width of the conveying unit, each having a deployed position
to deflect the path of an agricultural product, and a retracted position to allow the

passage of the agricultural products.

[0023] Such a separation unit is known and allows performing a rapid and effective
separation of the different products, in particular when they fall between two

conveying levels.

[0024] Preferably, the separation unit is also configured to position one or several
fingers from the retracted position to the deployed position during or before the
passage of the agricultural product facing said finger(s), so as to deflect the path

of the agricultural product with or without impetus.

[0025] In order to allow a sorting into at least three categories, the fingers of the
separation unit according to embodiments of the invention are configured either
to deflect the products from their path towards a first sorting area, or to hit the
products towards a second sorting area. Thus, with the same separation unit but
with a command of the moment of deployment of the fingers, it is then possible to
perform a sorting into at least three categories with fingers having only two

(retracted and deployed) positions.
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[0026] Preferably, the acquisition unit is configured to record several images per

second, preferably more than 5, and more preferably more than 10.

[0027] A high recording frequency of the acquisition unit allows better capture of the
different products as well as better real-time monitoring during the image

processing phase.
[0028] Preferably, the processing unit comprises a convolutional neural network.

[0029] The convolutional neural network allows the processing of the images and the
sorting of the products from a learning phase: by providing the processing unit
beforehand with examples of products corresponding to predefined criteria, the
neural network can then perform the sorting of the products proposed thereto
based on the criteria recorded during the learning phase. Such a convolutional
neural network therefore allows a sorting according to multiple and varied criteria

that only require prior learning.

[0030] According to another aspect, a sorting method is also proposed for sorting
agricultural products, for example bulbs and more particularly potatoes, carrots or
onions, coming from a bulk flow. The method comprises:

- an image acquisition step during which images of said bulk flow are recorded,
- an image processing step receiving as inputs the recorded images, and during
which each product is identified and analyzed, in particular the visual
appearance, in said bulk flow,

- a decision step during which, from the visual appearance of the products, the
products to be separated are determined,

- a separation step during which at least some of said products coming from the
bulk flow are separated, and

- a step of conveying the agricultural products in the form of bulk flow.

[0031] Particularly, the sorting method also includes a step of turning over the
agricultural products on themselves, during the image acquisition step, to allow
an exposure of the different parts of the conveyed agricultural products.

[0032] Preferentially, while maintaining the relative position of the agricultural
products in the bulk flow, the agricultural products are conveyed from the turning

means to the separation unit.
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[0032A] According to a first aspect of the present invention, there is provided a

sorting device for sorting agricultural products, for example bulbs and more

particularly potatoes, carrots or onions, coming from a bulk flow, comprising:

- an image acquisition unit configured to record images of said bulk flow,

- an image processing unit receiving as inputs the images recorded by said
image acquisition unit, said image processing unit being configured to identify
each product and analyze in particular the visual appearance of the products in
said bulk flow from said recorded images,

- a decision unit connected to said image processing unit and configured to
determine, from the visual appearance of the products, the products to be
separated and to provide a corresponding control signal,

- a separation unit receiving as input the control signal and arranged to separate
at least some of said products coming from the bulk flow according to the control
signal, and

- a unit for conveying the agricultural products in the form of bulk flow, from the
image acquisition unit to the separation unit,

wherein the sorting device also includes a means for turning over the agricultural
products on themselves, mounted in the conveying unit facing the image
acquisition unit, and configured to allow an exposure to the image acquisition

unit, of the different parts of the conveyed agricultural products.

[0032B] According to a first aspect of the present invention, there is provided a

sorting method for sorting agricultural products, for example bulbs and more

particularly potatoes, carrots or onions, coming from a bulk flow, comprising:

- an image acquisition step during which images of said bulk flow are recorded,
- an image processing step receiving as inputs the recorded images, and during
which each product is identified and analyzed, in particular the visual
appearance, in said bulk flow,

- a decision step during which, from the visual appearance of the products, the
products to be separated are determined,

- a separation step during which at least some of said products coming from the
bulk flow are separated, and

- a step of conveying the agricultural products in the form of bulk flow, from the
image acquisition step to the separation step,
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wherein the sorting method also includes a step of turning over the agricultural
products on themselves, during the image acquisition step, to allow an exposure

of the different parts of the conveyed agricultural products.

[0032C] By way of clarification and for avoidance of doubt, as used herein and
except where the context requires otherwise, the term "comprise" and variations

of the term, such as "comprising", "comprises" and "comprised", are not intended

to exclude further additions, components, integers or steps.
Brief description of the drawings

[0033] Figure 1 represents a schematic view of the agricultural product sorting

device according to the invention; and

[0034] Figure 2 illustrates the different successive stages of implementation of the

sorting method by the sorting device illustrated in Figure 1.
Description of the embodiments

[0035] In Figure 1 schematically represents a sorting device 1 according to the
present invention. The sorting device 1 is intended to sort agricultural products,
such as bulbs, and more particularly to sort potatoes. The sorting device 1 allows
in particular sorting the agricultural products according to external criteria of

appearance, shape and/or color.
[0036] The sorting device 1 thus includes a conveying unit 2 and a separation unit 4.

[0037] The conveying unit 2 allows conveying the bulk flow of agricultural products,
in this case potatoes P, from a supply point 2a to several outlets 2b, 2c, 2d

between which the potatoes P are sorted by the separation unit 4.

[0038] In order to allow the separation unit 4 to perform the sorting of the potatoes P,
the sorting device 1 also comprises an acquisition unit 6, an image processing

unit 8 and a decision unit 10.

[0039] The acquisition unit 6 is intended to capture images of the potatoes P during
their travel on the conveying unit 2, and more particularly of the external visual
appearance of the potatoes P. To this end, the acquisition unit 6 includes at least
one camera 12 positioned facing at least a portion of the conveying unit 2 in order

to be able to take a photo of or film the potatoes P driven by the conveying unit 2.
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[0040] Furthermore, and in order to obtain uniform and comparable images of the

potatoes P, whatever the external brightness of the sorting device 1, the
acquisition unit also comprises a casing 14. The casing 14 covers the portion of
the conveying unit 2 located in the field of the camera 12, and thus allows
blocking the light outside the field of the camera 12. The acquisition unit also
includes light sources 16 mounted inside the casing 14 and making it possible to
create, in the field of the camera 12, a uniform and constant lighting of the

potatoes P.

[0041] To allow the complete analysis of the potatoes P, and more particularly the

analysis of the different sides of the potatoes P, the conveying unit 2 comprises,
at least partly in the portion located in the field of the camera 12, a means for
turning over 18 the potatoes P. The turning means 18 comprises for example a
succession of rollers 20 forming a plane inclined towards the portion in the field of
the camera 12, and rotating in the opposite direction. The turning means 18 thus
allows turning over the potatoes P on themselves in order to expose the different

parts thereof to the camera 12 for analysis.

[0042] The images recorded by the camera 12 are then transmitted to analysis

means configured to categorize the potatoes P according to different criteria, in
particular aesthetic criteria based on the appearance, size, shape and/or color of
the potatoes P. Thus, the images recorded by the camera 12 are transmitted to
the image processing unit 8. The image processing unit 8 is configured to identify
the different potatoes P in the bulk flow conveyed by conveying unit 2, and to

analyze the visual appearance of said potatoes P.

[0043] To this end, the processing unit 8 can comprise a convolutional neural

network, that is to say a network of neurons, allowing the analysis of the potatoes
P based on the criteria determined during a preliminary learning phase. In other
words, the processing unit 8 has "learned", during a preliminary learning phase
during which different potatoes were presented to the processing unit 8 with the
criteria corresponding thereto, in order to allow the processing unit 8 to be able to

assign the same criteria to identical or similar potatoes.

[0044] Even if the preliminary learning phase can be tedious, the use of a

convolutional neural network allows great freedom and a wide choice of criteria to



18 Mar 2026

w

2026202069

15

20

25

30

categorize the agricultural products. The sorting device 1 can thus adapt to a

change in the sorting criteria.

[0045] Finally, in order to assign to the same agricultural product P the different

views recorded by the image acquisition unit 6 during the phase of turning over
the agricultural product P by the turning means 18, the processing unit 8 can also
be configured to monitor, preferably in real time, each agricultural product P on
the conveying unit 2. In other words, the processing unit 8 is also capable of
identifying the different agricultural products P in the bulk flow and of monitoring

them during their turning over and/or conveying through the conveying unit 2.

[0046] The processing unit 8 then outputs a signal representative of the visual

appearance of the potatoes P to the decision unit 10. The decision unit 10 allows
deciding, according to the visual appearance provided by the processing unit and
as a function of determined quantities or thresholds, in which category to direct
the agricultural products, that is to say deciding towards which outlets 2b, 2c or
2d to direct the agricultural products. The decision unit 10 then outputs a control
signal to the separation unit 4 corresponding to the category of the agricultural

products P arriving at the level of the separation unit 4.

[0047] The separation unit 4 is configured to modify the path of the agricultural

products P in order to direct them towards one of the outlets 2b, 2c or 2d of the
conveying unit 2. To this end, the separation unit 4 includes a plurality of fingers
22 distributed over the width of the conveying unit 2 and configured either to let
the agricultural product P pass or to deflect the agricultural product P towards
one or several outlets of the conveying unit 2. The fingers 22 each include a
retracted position in which they do not come into contact with the agricultural
product P, and a deployed position in which they intersect the path of the
agricultural products P. Thus, it is possible to sort the agricultural products P into
two categories by deflecting or not their path with the fingers 22 of the separation
unit 4. In the case illustrated in Figure 1, the separation unit 4 is thus configured
either to let the agricultural products P pass, for example the agricultural products
P having the desired visual appearance, towards the outlet 2d by controlling the
fingers 22 in a retracted position, or to deflect the agricultural products P, for

example the agricultural products P unfit for consumption or the foreign bodies
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such as clods of earth or stones, towards the outlet 2c by controlling the fingers

22 in a deployed position.

[0048] Furthermore, in order to be able to perform a sorting into at least three

categories, the fingers 22 are also configured to deflect, in the deployed position,
the agricultural products P with or without impetus. More specifically, the
separation unit 4 is configured to allow deploying the fingers 22 before the
passage of the agricultural product P or during the passage of the agricultural
product P. Thus, by deploying the finger 22 when the agricultural product P is in
front of it, the separation unit 4 is capable of giving an impetus to said agricultural
product P, that is to say to "hit" it, in order to make it move towards the outlet 2b.
The separation unit 4 is thus configured either to deflect the agricultural products
P, for example the agricultural products P unfit for consumption or the foreign
bodies such as clods of earth or stones, towards the outlet 2c by controlling the
fingers 22 in a deployed position before the passage of the agricultural product P
in front of the separation unit 4, or to deflect the agricultural products P, for
example the agricultural products P that do not have the desired visual
appearance, towards the outlet 2b by controlling the fingers 22 in a deployed
position during the passage of the agricultural product P in front of the separation

unit 4 in order to launch it beyond the outlet 2c.

[0049] The separation unit 4 thus allows sorting the agricultural products P, using

fingers 22 similar to those used currently, into three categories thanks to the
control of the triggering of the deployment of the fingers 22 in order to deflect the

agricultural products P with or without impetus.

[0050] However, in order to be able to process the images recorded by the

acquisition unit 6 and decide on the sorting to be performed by the separation
unit 4, a time delay is necessary between the acquisition of the images and the
separation made by the fingers 22. Thus, the conveying unit 2 can comprise an
intermediate portion 24 located between the turning means 18 and the separation
unit 4. The intermediate portion 24 aims to leave time for the image processing 8
and decision 10 units before the agricultural products P arrive at the separation
unit 4. In order to ensure that the relative position of the agricultural products P in

the conveying unit 2 is not modified at the level of the intermediate portion 24, the
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latter can be configured to maintain said relative position of the agricultural

products P when they are conveyed through the intermediate portion 24.

[0051] Alternatively, the intermediate portion 24 can be mounted in the field of the
image acquisition unit 6. In this case, the agricultural products P conveyed
through the intermediate portion 24 remain in the field of view of the image
acquisition unit 6 and can therefore be monitored, preferably in real time, by the
processing unit 8 until they are conveyed to the separation unit 4, so as to allow
the decision unit 10 and the separation unit 4 to know exactly when each

agricultural product P will pass in front of the separation unit 4.

[0052] Figure 2 illustrates the different successive steps of implementation of the

sorting method 26 by the sorting device illustrated in Figure 1.

[0053] Thus, in a first step 28, a bulk flow of agricultural products P to be sorted is

provided.

[0054] Then, in a second step 30, images of said bulk flow are recorded while said
agricultural products P are turned over. Such a step then allows having a view of

the different sides of the agricultural products of the bulk flow.

[0055] In a third step 32, each product is identified and analyzed in said bulk flow,

and each agricultural product is monitored in real time in said bulk flow.

[0056] In a step 34, the products to be separated are then determined, preferably

during the monitoring of the agricultural products in real time.

[0057] Finally, in a step 36, the agricultural products determined during the step 34

are separated.

[0058] Thus, thanks to the sorting device according to the invention, it becomes
possible to sort agricultural products according to different visual criteria which
will have been learned by the processing unit, and according to thresholds which
will have been indicated to the decision unit. Such a device can thus replace
human intervention during the sorting step, and allow increasing the sorting
speed while maintaining a reliable or, where appropriate, an adjustable result
according to the user's wishes. In addition, such a device also allows sorting the
products into more than two categories, while keeping a finger separation unit,

thanks to the timing of triggering of said fingers, which allows deflecting the
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agricultural product towards a first outlet, or hitting it towards a second outlet. The
sorting device thus offers a wide choice of options and adaptations to the user for

the analysis and sorting of the agricultural products.
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Claims

[Claim 1] A sorting device for sorting agricultural products, for example bulbs and
more particularly potatoes, carrots or onions, coming from a bulk flow, comprising:

- an image acquisition unit configured to record images of said bulk flow,

- an image processing unit receiving as inputs the images recorded by said image
acquisition unit, said image processing unit being configured to identify each product
and analyze in particular the visual appearance of the products in said bulk flow from
said recorded images,

- a decision unit connected to said image processing unit and configured to
determine, from the visual appearance of the products, the products to be separated
and to provide a corresponding control signal,

- a separation unit receiving as input the control signal and arranged to separate at
least some of said products coming from the bulk flow according to the control
signal, and

- a unit for conveying the agricultural products in the form of bulk flow, from the
image acquisition unit to the separation unit,

wherein the sorting device also includes a means for turning over the agricultural
products on themselves, mounted in the conveying unit facing the image acquisition
unit, and configured to allow an exposure to the image acquisition unit, of the

different parts of the conveyed agricultural products.

[Claim 2] The sorting device according to claim 1, wherein the processing unit is
also configured to monitor, in particular in real time, each product on the conveying

unit, in said bulk flow, including during its turning over on the turning means.

[Claim 3] The sorting device according to claim 1 or 2, wherein the conveying
unit also comprises an intermediate portion disposed downstream of the turning

means, and conveying the agricultural products to the separation unit.

[Claim 4] The sorting device according to claim 3, wherein the intermediate

portion is configured to maintain the relative position of the agricultural products in
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the bulk flow during their conveying through the intermediate portion to the

separation unit.

[Claim 5] The sorting device according to claim 3 or 4, wherein the intermediate

portion is also positioned facing the acquisition unit.

[Claim 6] The sorting device according to any one of the preceding claims,
wherein the acquisition unit includes at least one camera, and optionally: at least one
light source, mounted above, preferably in line with, a portion of the conveying unit,
and a casing covering said at least one camera, said at least one light source, and

said portion of the conveying unit.

[Claim 7] The sorting device according to any one of the preceding claims,
wherein the separation unit includes fingers, preferably uniformly distributed over the
width of the conveying unit, each having a deployed position to deflect the path of an
agricultural product, and a retracted position to allow the passage of the agricultural

products.

[Claim 8] The sorting device according to the preceding claim, wherein the
separation unit is also configured to position one or several fingers from the retracted
position to the deployed position during or before the passage of the agricultural
product facing said finger(s), so as to deflect the path of the agricultural product with

or without impetus.

[Claim 9] The sorting device according to any one of the preceding claims,
wherein the acquisition unit is configured to record several images per second,

preferably more than 5, and more preferably more than 10.

[Claim 10] The sorting device according to any one of the preceding claims,

wherein the processing unit comprises a convolutional neural network.

[Claim 11] A sorting method for sorting agricultural products, for example bulbs

and more particularly potatoes, carrots or onions, coming from a bulk flow,
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comprising:

- an image acquisition step during which images of said bulk flow are recorded,

- an image processing step receiving as inputs the recorded images, and during
which each product is identified and analyzed, in particular the visual appearance, in
said bulk flow,

- a decision step during which, from the visual appearance of the products, the
products to be separated are determined,

- a separation step during which at least some of said products coming from the bulk
flow are separated, and

- a step of conveying the agricultural products in the form of bulk flow, from the
image acquisition step to the separation step,

wherein the sorting method also includes a step of turning over the agricultural
products on themselves, during the image acquisition step, to allow an exposure of

the different parts of the conveyed agricultural products.

[Claim 12]  The sorting method according to the preceding claim, wherein, while
maintaining the relative position of the agricultural products in the bulk flow, the

agricultural products are conveyed from the turning means to the separation unit.
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Recording images of said bulk flow, with turning over
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with monitoring in real time in said bulk flow
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Determining the products to be separated,
during the monitoring in real time
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