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(54)
FOR USE THEREIN

(67)  The invention relates to a system and method
for sorting packaged products (1), provided with image
capture means (4) in the visible spectrum and hyperspec-
tral image capture means (5) in the infrared spectrum,
which capture images on a line (3) illuminated by illumi-
nation means (7) in the visible spectrum and hyperspec-
tral illumination means (6) in the infrared spectrum, fur-
ther comprising first image processing means (12) con-

SYSTEM AND METHOD FOR SORTING PACKAGED PRODUCTS AND ILLUMINATION DEVICE

figured to compare the spectral signature (26) of the hy-
perspectral images with reference patterns (27) and col-
our them with pre-established tones (28) and second
processing means (13) configured to analyse a control
area (36) of the images, in order to sort them and send
sorting instructions to actuation means (14) of sorting
means (9).
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Description
FIELD OF THE INVENTION

[0001] The present invention is useful in the field of
manufacturing of packaged products and it belongs,
more particularly, to the technical field of sorting pack-
aging, preferably although limited to, food and pharma-
ceutical product packages.

[0002] The main object of the present invention is,
therefore, sorting packaged products after the inspection
thereof with machine vision means, preferably heat-
sealed packages. Said sorting can be useful in, for ex-
ample and limited to, quality control tasks.

[0003] The sorting system and method according to
the present invention are able to analyse images of the
packaged products to be sorted, both in the visible light
spectrum and in the infrared light spectrum, and base
said sorting on the inspection of the seals provided in
said packages, and detecting any type of surface con-
tamination on the product contained in the package, or
printing defect on the films of the packages.

BACKGROUND OF THE INVENTION AND TECHNI-
CAL PROBLEM TO BE SOLVED

[0004] In the field of manufacturing packaged prod-
ucts, for example heat-sealed packaged products, the
need to control the quality of the packages arises. To do
S0, it is necessary to check the integrity of the seals and
detect the presence of possible defects such as the pres-
ence of bubbles or the presence of foreign elements or
bodies which prevent the airtightness of the sealing of
the films, enabling the entry of air, which produces a pre-
mature expiration of the product and represents a serious
quality failure.

[0005] For this purpose, it is known, for example, from
patent applications WO 2010/052431 and WO
2015/052445, how to measure the diffusion of the light
in the heat-sealing area by using a linear light beam. Said
patent applications describe methods which enable the
presence of intrusions in the seal area to be detected
which leads to an alteration, on the one hand, of the qual-
ity of the seal from the point of view of airtightness and,
on the other hand, of the aesthetic appearance related
to the product and the package.

[0006] Patentapplication WO 2013/007951 describes
a method for controlling, in particular, the structures of
heat-sealed packages with the aid of a linear image sen-
sor, and US patent US5515159 describes a vision sys-
tem for inspecting package seals.

[0007] Patents EP 2350621 and EP 3055681 also de-
scribe a method and device forinspecting package seals
by optical control by means of digital photography.
[0008] In practice, the prior art devices and methods
described above are satisfactory for inspecting packaged
products (including the seals of said packages) and sort-
ing them based on the results of said inspection provided
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that said packaged products have homogeneous optical
features. However, the prior art devices and methods
cease to be effective in cases wherein the seal area is
invaded with transparent products, such as the interleav-
er (or separator) used in slicing, or melted fat, which is
colourless. Furthermore, the techniques for inspecting,
detecting defects and sorting that are already known use
methods for comparing images within the visible light
spectrum, which are ineffective on packages with printed
films, where defects are commonly confused with printing
inks. In other words, the techniques are insufficient to
guarantee the quality of the seals and are ineffective if
films with different printing inks are used.

[0009] On the other hand, hyperspectral machine vi-
sion equipment is known in the state of the art, which is
mainly used in laboratories, satellites and drones, there
being different manufacturers of the same. Such equip-
ment is capable of obtaining the so-called hyperspectral
images, i.e., images containing information belonging to
several different spectral bands usually comprised be-
tween 400 and 2,000 nanometresinfrequency and which
belong to both the visible region (from 400 to 750 nm)
and the infrared region of the electromagnetic spectrum
(wavelength greater than 750 nm). Said hyperspectral
images are usually processed by means of spectrogra-
phy and can be used to determine the chemical compo-
sition by comparing the spectral signature.

[0010] Thus, for example, in patent application
EP1055115, a method is disclosed for determining the
spectral signature of the different pixels of hyperspectral
images, or in other words, a method for analysing the
intensity of the light from each pixel of hyperspectral im-
ages in each of the different predefined bands of the in-
frared light spectrum had by said hyperspectral images.
[0011] United States Patents 5512752, 4719351 and
5206510, German Patent Publications DE 19601923,
19543134 and 4340795, and Japanese Patent Applica-
tions JP-A-9138194, 6288913 and 6210632 disclose
several examples of hyperspectral machine vision equip-
ment.

[0012] To capture hyperspectral images, it is neces-
sary to obtain sufficient light intensity in said spectral
bands which include both the visible and infrared light
spectra. The only light sources in the state of the art ca-
pable ofirradiating a light spectrum that is uniform (linear)
and with an intensity which enables the images to be
captured at high speed are halogen light sources.
[0013] However, said halogen light sources dissipate
a high thermal power, such that if the packaged products
are exposed to said light sources, the heat generated
could degrade them. This fact makes it difficult for halo-
gen light sources to be encapsulated within a compact
machine and notably complicates, furthermore, the fact
that the hyperspectral machine vision devices can be
used in the field of inspecting and sorting packaged prod-
ucts.
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DESCRIPTION OF THE INVENTION

[0014] An object of the present invention is to address
all the difficulties and drawbacks of the prior art indicated
above, in addition to enabling packaged products to be
sorted depending on different quality parameters related
to the surface chemical composition thereof and detect-
ing surface contamination thereon.

[0015] More particularly, a first object of the invention
relates to a system for sorting packaged products, said
system being provided with:

- atleastone conveyor belt configured to transport the
packaged products from an entry area to an exit area;

- atleastone linearimage capture means, configured
to capture images of the light reflected or transmitted
in the visible spectrum by the packaged products
along a predefined image capture line;

- atleast one linear illumination means configured to
emit light in the visible light spectrum and illuminate
the image capture line;

said system being characterised in that it further com-
prises:

- at least one linear hyperspectral image capture
means, configured to capture hyperspectral images
of the light reflected or transmitted in different bands
of the infrared spectrum by the packaged products
along the predefined image capture line;

- atleast one linear hyperspectral illumination means
configured to emit light in the infrared light spectrum
and only illuminate the image capture line;

- firstimage processing means, configured to analyse
the intensity of the light from each pixel of hyper-
spectral images in each of the different predefined
bands of the infrared light spectrum (which is also
known as determining the spectral signature of each
pixel), in order to compare said spectral signature to
a reference pattern and colour the pixels of hyper-
spectral images in a pre-established tone depending
on the result of the comparison of the spectral sig-
nature thereof with the reference pattern, giving rise
to a coloured hyperspectral image (also known as a
chemical image);

- second image processing means, configured to an-
alyse atleast one predetermined control area of each
image acquired from the linearimage capture means
and of each coloured hyperspectral image obtained
from the first image processing means; to compare
at least one control area of each of said images to
at least one reference pattern; to sort said images
depending on said comparison with the reference
pattern and to send sorting instructions to actuation
means; and

- actuation means, configured to receive the sorting
instructions and actuate sorting means for the pack-
aged products based on said sorting instructions,
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the sorting means being arranged in the exit area.

[0016] The packaged products sorted by the present
invention are preferably provided with a package com-
prising atleast two heat-sealed films (i.e., they are sealed
together by means of heat). The two films of this type of
package are preferably provided with a base made of
plastic film, which comprises at least one cell wherein
the products to be packaged are deposited and whereon
asecondfilmis adhered, sealed by means of heat melting
with the aim of guaranteeing the airtightness of the cell.
When the products are medicines, said films are usually
made of laminated aluminium, or a hybrid of aluminium
and plastic.

[0017] The linear hyperspectral image capture means
contemplated by the present invention enable the light
reflected and transmitted by the products packaged in
the packages within the infrared spectrum to be automat-
ically captured, breaking it down into different frequency
bands (preferably from 1 to 250 frequency bands). This
enables a set of images to be obtained for each of the
frequency bands, known as a hyperspectral image, the
number of image layers of which coincides with the
number of frequency bands which are analysed.

[0018] Hyperspectralimages are processed by the first
image processing means which analyse the distribution
of the intensity of the light in each of the frequency bands
pixel by pixel, which is known as the spectral signature
of the pixel, assigning a colour tone to it, after comparing
to other spectral signatures (or reference patterns) and
applying different rules for identifying pre-established
patterns of similar signatures. By assigning different
tones to different spectral signature ranges, the hyper-
spectral images of the packaged products are converted
into the so-called chemical images. This technique ena-
bles chemical compounds with apparently identical col-
ours in visible light to be distinguished, in addition to en-
abling the contents of the packages to be viewed through
the films, even if they are printed with opaque inks, since
in the infrared light spectrum the vast majority of the inks
opaque to light are transparent.

[0019] Likewise, said chemical images enable, in turn,
the surface chemical composition of the packaged prod-
uct to be analysed by comparing said chemical images
to different predefined comparison patterns.

[0020] The chemical images obtained from colouring
the hyperspectral images are subsequently processed
by the second image processing means, configured to
determine the conformity or non-conformity of the images
based on pre-established comparison parameters. This
enables the packaged products to be sorted based on
the quality thereof, contamination in the products to be
detected, and other parameters of the packages to be
verified such as the correct printing of codes, labels or
the correct positioning of the film. To do so, the second
image processing means preferably comprise program-
mable logic means provided with machine vision algo-
rithms.
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[0021] The reference patterns used by the firstimage
processing means to compare them to the spectral sig-
nature of the hyperspectral images preferably include at
least one of the following colour shades:

- acolour shade associated with contamination in the
heat sealing,

- a colour shade associated with surface contamina-
tion,

- a colour shade associated with the product con-
tained in the package,

- a colour shade associated with the background of
the image.

[0022] In this manner, thanks to the colour shades list-
ed in the previous paragraph, the sorting systems and
methods according to the present invention enable the
many defects in a packaged product to be detected
(which will be described later in the present description).
[0023] The second image processing means capture
the light reflected and transmitted by the packaged prod-
ucts within the visible light spectrum, and enable the au-
tomatic and high-speed analysis of parameters visible to
the human eye such as: the printing of barcodes, codes
and printed dates, the correct positioning of the films, the
presence and position of adhesive labels and the pres-
ence of contaminants which are differentiated by colour
from the packaged products.

[0024] The capture and processing of these images in
the visible light spectrum enables the quality of the pack-
aged products to be guaranteed, since it makes it possi-
ble to verify the printed codes and suitably trace the qual-
ity control of the products, verify the correct printing of
critical data such as expiry or best before dates, prevent
aesthetic defects, such as the displacement of the film
in the packaging machine, or correctly install and print
an additional label required on several occasions by cus-
tomers.

[0025] These images in the visible spectrum, like the
chemical images, are also analysed by the second image
processing means, determining the conformity or non-
conformity of the packaged products with a series of pre-
established comparison parameters.

[0026] Inaccordance with the foregoing and according
to the present invention, the linear hyperspectral image
capture means take images exclusively from a prede-
fined line of sight (or image capture line). The width of
the image capture line can vary depending on the specific
distance at which said image capture means are located,
and may be, for example and without limitation, on the
order of tenths of millimetres.

[0027] Each hyperspectralimage is composed by cap-
turing successive lines in different spectral bands. Sub-
sequently, the light intensity values in each spectral band
foreach pixel of the hyperspectralimage, i.e., the spectral
signature of the pixel, are compared to a pattern signa-
ture, and as aresulta colour tone is assigned, composing
what is called a chemical image. Likewise, within each
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chemical image, one or several regions of interest are
established, which enable the presence of specific colour
tones to be detected, enabling the images to be sorted
depending on different comparison methods related to
the desired quality inspection.

[0028] Likewise, the image capture means in the visi-
ble light spectrum also take images exclusively from one
line of sight, composing the images by means of captur-
ing successive lines. Likewise, within each image, the
second image processing means establish one or sev-
eral regions of interest, which by means of different com-
parison methods enable the images to be sorted depend-
ing on additional comparison methods also related to the
desired quality inspection.

[0029] In this manner, the present invention enables
deciding whether a packaged product meets the quality
requirements and therefore continues to the shipping
line, or on the contrary, if the presence of a defect is
detected, ordering the rejection thereof by sending a cor-
responding instruction to the actuation means of the sort-
ing means.

[0030] Said sorting means preferably comprise a
pneumatic blowing device, a folding belt, a pneumatic
pusher or a pneumatic solenoid valve connected to a
rejector.

[0031] Likewise, the actuation means preferably com-
prise a programmable logic controller connected to the
second image processing means. The first and/or the
second image processing means are preferably provided
with programmable logic means, for example a compu-
ter.

[0032] The presentinvention contemplates thatthe lin-
ear image capture means and the linear hyperspectral
image capture means can take images of both the upper
face and the lower face of the packaged products. Fur-
thermore, the present invention contemplates that the
linear illumination means and the linear hyperspectral
illumination means can illuminate the packaged prod-
ucts, both directly and backlit.

[0033] The sorting system according to the presentin-
vention, like the sorting method of the invention (which
will be described in detail later) enable the following de-
fects of a packaged product to be detected:

- defects in the heat sealing of the cells of the pack-
ages due to air or product contamination, even if they
are due to bubbles, unsealed regions or colourless
greasy or wet portions, regardless of the colour of
the printing ink used on the sealing film or the colour
of the packaged product;

- presence or absence of the product inside the cell,
being especially useful in low-weight products, the
absence of which cannot be detected by a scale,
which occurs in pharmaceutical products;

- suitable positioning of the product within the cell, ver-
ifying that it is within established control regions;

- deviations in the chemical composition thereof with
respect to a reference pattern in the spectral signa-
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ture of the packaged products (e.g., moisture, pro-
tein, fat, sugars, starch, acidity, salt, etc.);

- detection of surface contamination in the product
contained in the package, even in the event that it is
visually confused with the product;

- correct positioning of the films of the packages, de-
tecting whether the printing of the sealing film is dis-
placed with respect to the expected position in the
film containing the cells; and

- reading printed codes or adhesive labels, enabling
the correct printing of expiry dates, batches and la-
bels on any of the films to be verified.

[0034] In summary, the present invention enables the
correct heat sealing of the packages to be analysed and
also enables the packaged products to be sorted accord-
ing to the quality thereof, and possible contaminating
agents and any other printing defect in the films to be
detected. This is a significant improvement in the detec-
tion of possible defects, with respect to the previous tech-
niques.

[0035] Likewise, the present invention captures the
light reflected by the packaged products both in the in-
frared light spectrum and in the visible light spectrum.
This enables images of the packaged product to be ob-
tained through the films, even if said films are printed with
inks opaque to visible light, which is an improvement with
respect to currently existing vision equipment with a sim-
ilar purpose.

[0036] The linear image capture means preferably
comprise a linear digital camera. Likewise, the linear hy-
perspectral image capture means preferably comprise a
linear hyperspectral digital camera configured to capture
images in the spectrum encompassing from 400 to 2000
nanometres in wavelength.

[0037] The sorting system according to the present in-
vention preferably further comprises a display monitor
configured to show images obtained by the image cap-
ture means (both in the visible spectrum and in the infra-
red spectrum), the monitor being further provided with
actuation buttons and illuminated lights which enable dif-
ferent operating parameters to be configured and navi-
gating through different screens.

[0038] In a preferred embodiment of the invention,
presence sensors are provided in the entry area and in
the exit area. In this manner, it is possible to monitor the
entry and exit of the packaged products, which enables
possible jams to be detected as well as reducing the en-
ergy consumption of the sorting system by timing when
the illumination means are turned on and off.

[0039] Likewise, the sorting system of the invention
preferably comprises two feeder belts arranged in series
with each other, there being a gap between both feeder
belts and the image capture line being located in said
gap. Even more preferably, the sorting system according
to the present invention is further provided with an upper
enclosure and a lower enclosure wherein the linear im-
age capture means, the linear hyperspectral image cap-
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ture means, the linear hyperspectral illumination means
and/or the linear illumination means are housed.

[0040] The upper and lower enclosures preferably
have an elastomeric seal which guarantees the airtight-
ness thereof during cleaning operations and at least one
removable carriage to which the linear image capture
means, the linear hyperspectral image capture means,
the linear hyperspectral illumination means and/or the
linear illumination means are fastened. Said removable
carriage facilitates maintenance operations.

[0041] Furthermore, the linear image capture means
and/or the linear hyperspectral image capture means
may be provided with a communication cable connected
to the image processing means by which the correspond-
ing sequence of digital images is transmitted.

[0042] The linear hyperspectral illumination means for
use in the present invention concentrate the hyperspec-
tral light beam on a line with a predefined width (the image
captureline), reducing the electrical power of the halogen
lamp, and thereby also reducing the thermal irradiation
received by the packaged products. Said hyperspectral
illumination means demand less heat dissipation (there-
by preventing possible damage to the packaged prod-
ucts) and enable a high light power to be obtained. The
level of lighting that they provide enables the necessary
exposure time for the linear hyperspectral image capture
means to be reduced, and enables the high-speed cap-
ture of the lines composing hyperspectral images, while
they enable the capture with a higher sharpness of the
lines.

[0043] This represents a novelty in the state of the art
in lighting systems which emit within the infrared spec-
trum and it makes the use of linear hyperspectral lighting
means viable in inline industrial applications.

[0044] The linear hyperspectral illumination means for
use in the present invention preferably comprise a ther-
mally conductive block (for example, a metal block) cou-
pled to heat-dissipating fins, said block being provided
with a parabola-shaped inner cavity with a reflective sur-
face finish, a linear halogen lamp being provided in the
focus of said parabola in such a manner that the light
emitted by the lamp is reflected by the parabola and is
concentrated in a light strip with a fixed width, said light
strip being focused on a linear Fresnel lens configured
to concentrate the received light into a line with a prede-
fined width, the image capture line, which is precisely the
same line along which the infrared light is captured by
linear hyperspectral image capture means.

[0045] The linear hyperspectral illumination means
may also preferably be provided with a displacement
mechanism for the linear Fresnel lens. Said mechanism
enables the focus of the Fresnel lens to be varied and
therefore enables the width of the image capture line to
be modified.

[0046] The linear Fresnel lens can be separated from
the heat source (the linear halogen lamp), which enables
it to be manufactured with machined plastic materials
that are cheap to manufacture.
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[0047] A second aspect of the invention relates to a
method for sorting packaged products by using a sorting
system according to the first aspect of the invention, said
sorting method being characterised in that it comprises
the following steps:

- actuating at least one conveyor belt to transport the
packaged products from an entry area to an exit area;

- actuating the linearillumination means and the linear
hyperspectral illumination means to illuminate the
image capture line;

- actuating the linear image capture means to capture
images of the light reflected or transmitted in the vis-
ible spectrum by the packaged products along the
image capture line and actuating the linear hyper-
spectralimage capture means to capture hyperspec-
tral images of the light reflected or transmitted in the
infrared spectrum by the packaged products along
the image capture line;

- with the first processing means, analysing the inten-
sity of the light from each pixel of the hyperspectral
images in different predefined bands of the infrared
light spectrum, in order to establish the spectral sig-
nature of the hyperspectral images based on said
analysis of the intensity, comparing the spectral sig-
nature of the hyperspectral images to a reference
pattern and colouring the hyperspectral images in a
pre-established tone depending on the result of the
comparison of the spectral signature thereof with the
reference pattern, in order to give rise to coloured
hyperspectral images;

- withthe second image processing means, analysing
at least one predetermined control area of each im-
age acquired from the linear image capture means
and of each coloured hyperspectral image obtained
from the first image processing means; comparing
at least one control area of each of said images to
at least one reference pattern; sorting said images
depending on said comparison with the reference
pattern and sending sorting instructions to actuation
means; and

- receiving the sorting instructions and with the actu-
ation means, actuating the sorting means for the
packaged products based on said sorting instruc-
tions.

[0048] The control area analysed by the secondimage
processing means preferably comprises a heat-sealing
band of the packaged product, a cellwherein the products
that have been packaged are deposited or an area
wherein printed codes of the packaged product are pro-
vided.

[0049] Preferably, the second processing means,
when analysing at least one predetermined control area,
quantify the pixels of at least one predetermined shade
which are present in said control area, analysing the out-
line and surface of the portions of said predetermined
shade.
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[0050] A third aspect of the present invention relates
to linear hyperspectral illumination means comprising a
thermally conductive block (for example, a metal block)
coupled to heat-dissipating fins, said block being provid-
ed with a parabola-shaped inner cavity with a reflective
surface finish, a linear halogen lamp being provided in
the focus of said parabola in such a manner that the light
emitted by the lamp is reflected by the parabola and is
concentrated in a light strip with a fixed width, a linear
Fresnel lens being focused on said light strip, lens which
is configured to concentrate the received light into a line
with a predefined width.

[0051] Said linear hyperspectral illumination means
are also preferably provided with a displacement mech-
anism for the linear Fresnel lens. This mechanism ena-
bles the focus of the lens to be varied and therefore en-
ables the width of the image capture line to be modified.
[0052] Unless expressly stated otherwise, any techni-
cal features explained in relation to a system for sorting
packaged products according to the first aspect of the
present invention is also fully applicable to a method for
sorting packaged products according to the second as-
pect of the present invention and vice versa.

BRIEF DESCRIPTION OF THE FIGURES

[0053] What follows is a very description of a series of
drawings that aid in better understanding the invention,
which are expressly related to an embodiment of said
invention and are presented by way of non-limiting ex-
amples of the same.

Fig. 1 is a schematic side view of a first embodiment
of a system for sorting packaged products according
to the present invention;

Fig. 2 is a schematic side view of a detail of the em-
bodiment shown in the Figure, wherein the linear hy-
perspectral illumination means can be better seen;
Fig. 3A is a schematic cross-sectional view of the
linear hyperspectral image capture means and Figs.
3B to 3D are schematic views of the method for form-
ing the chemical images;

Fig. 4Ais atop view of a detail of a system for sorting
packaged products according to the present inven-
tion and Fig. 4B schematically shows a possible ex-
ample of the regions of interest of the images that
are captured;

Figures 5A-C show by way of example a sequence
ofimages obtained by the linear hyperspectralimage
capture means converted into chemical images and
how they are processed by means of the system and
method of the invention in order to detect contami-
nation in the heat-sealing area;

Figs. 6 and 7 show a preferred embodiment of the
device for sorting packages claimed herein; and
Fig. 8 shows a preferred embodiment of the linear
hyperspectral illumination means according to the
present invention.
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DESCRIPTION OF PREFERRED EMBODIMENTS OF
THE INVENTION

[0054] A detailed description of several preferred ex-
emplary embodiments of the present invention is provid-
ed below with the aid of the attached Figures 1 to 8.
[0055] Throughout the present description, as well as
in the attached figures, the elements with the same or
similar functions will be designated with the same numer-
ical references.

[0056] Figure 1 shows a schematic representation of
a system for sorting packaged products according to the
present invention.

[0057] In the embodiment shown therein, the sorting
system is used to inspect heat-sealed packages of food
packaged products (1) such as, for example, sausage,
ham or cheese or medicines, and enables those products
(10) that do not meet predefined quality parameters to
be rejected, thanks to the actuation of sorting means (9)
consisting, in this embodiment of the invention, of a tilting
belt.

[0058] The sorting system is further provided with two
conveyor belts (2), arranged one after the other, which
have two presence sensors (8) which detect the entrance
and exit of the packaged products (1), such that both
belts (2) have an opening in the transition between them,
wherein, in this embodiment of the invention, the capture
of the images of the lower surface of the package of the
packaged products (1) takes place. The system has two
linear image capture means (4) in the visible spectrum,
which in this embodiment are linear digital cameras and
two linear hyperspectral image capture means (5) in the
infrared spectrum, two of the capture means being locat-
ed in the upper enclosure (41) and the other two in the
lower enclosure (42). The means (4) and (5) capture the
images along an image capture line (3).

[0059] In this embodiment, the linear hyperspectral il-
lumination means (6) are hyperspectral digital cameras
and are located in the upper enclosure (41) and enable
images to be captured in the visible spectrum and the
infrared spectrum of the upper surface of the package
by means of direct lighting, capturing the lower surface
of the package backlit in the infrared spectrum and di-
rectly in the visible light spectrum.

[0060] Linear illumination means (7) in the visible light
spectrum are also provided, which, in this embodiment,
are provided on the lower portion in order to enable the
capture ofimagesinthe visible light spectrum of the lower
surface of the package.

[0061] The system also has first processing means
(12) for processing the hyperspectralimages and second
image processing means (13) configured to analyse at
least one predetermined control area of each image of
the sequence of images; acquired from the linear digital
cameras (4) and from the first processing means (12).
Both the first processing means (12) and the second
processing means (13) are housed in a protective enclo-
sure (11).
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[0062] Actuation means (14) are also provided which
comprise a programmable logic controller (14) and are
configured to actuate on the package sorting means (9)
by sending them sorting instructions. The actuation
means (14) in turn receive instructions from the image
processing means (13).

[0063] The embodiment of the packaging sorting sys-
tem shown in Fig. 1 is further provided with a display
monitor (15), actuation buttons and operation lights (16)
and software with a touch interface. Said software ena-
bles the different operating parameters of the equipment
to be configured and navigating through the screens of
the application, which is programmed to show images
from the sequence of images captured by the image cap-
ture means (4) and (5), showing a control panel with the
operation status of the device, showing the sorted images
and the history of sorting that has been performed.
[0064] Figure 2 shows a transverse cross-sectional
representation of the linear hyperspectral illumination
means (6), which are focused on a packaged product
(1). The package comprises a cell (31), wherein the prod-
uct (39) to be packaged is deposited which is sealed by
heat sealing of an upper film (32) with a bottom film which
makes up the cell.

[0065] As seen in said figure, the linear hyperspectral
illumination means (6) consist, in this embodiment of the
invention, of a metal block (17) coupled to heat-dissipat-
ing fins (18), and they have a parabola-shaped cavity
(19) along the block, in the focus of which alinear halogen
lamp (20) is installed, such that the light it emits is reflect-
ed by the parabola, which has a mirrored surface finish,
such that the reflection of the light is concentrated in a
light strip (22) with a fixed width, which is focused on a
linear Fresnel lens (21), which in turn concentrates the
lightin the image capture line (3), the width of which can
be regulated by means of a mechanism (23), which by
means of a displacement of the lens (21) regulates the
focus thereof.

[0066] In this embodiment of the invention, the line of
light produced by the linear hyperspectral illumination
means (6) focuses a strip on the upper face of the pack-
aged product (1), which enables the image capture
means (4) and (5) to capture images along the image
capture line (3), both directly by means of the upper hy-
perspectral digital camera (5), as well as backlit through
the opening existing between the two conveyor belts (2),
by means of the lower hyperspectral digital camera (5).
[0067] Figure 3A shows a representation of a longitu-
dinal cross section of linear hyperspectral illumination
means (6) and it further schematically shows how the
linear hyperspectral image capture means (5) send the
hyperspectral image lines of the light reflected or trans-
mitted in different bands of the infrared spectrum (24) to
the first means image processing (12), which, as shown
schematically in Figures 3B to 3D, compose a hyper-
spectral image (29), which is formed by different pixels
(25), in each of which the intensity of the light captured
in the different frequency bands of the infrared light spec-
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trumis recorded, whichis known as the spectral signature
(26), and subsequently composes a sequence of images
called chemical images (30), wherein the pixels of said
images are coloured, the colour tone (28) of the different
pixels being determined in this embodiment of the inven-
tion by a software implemented in the image processing
means (12) based on the comparison of the spectral sig-
nature (26) with predetermined reference patterns (27).
Subsequently, the chemical images (30) are sent to the
second image processing means (13).

[0068] Figure 4Ais atop view wherein it schematically
shows the passage of a heat-sealed packaged product
(1) over the gap area of the two conveyor belts (2), as
well as the image capture line (3). In this embodiment of
the invention, the packaged product is provided with two
cells (31), wherein the products (39) are deposited and
whereon an upper film is adhered by means of a heat-
sealing process, along a heat-sealing band (33) arranged
around the cells (31).

[0069] Figure 4B shows a diagram of the control area
(36) of the images to be processed, said control area (36)
comprising different regions of interest to be analysed,
the control area (36) includes, in this specific exemplary
embodiment of the invention, the cell (38) inside of which
the packaged product (39) to be analysed is located,
which may have surface contamination (35). The control
area (36) also includes the heat sealing (33), which is
delimited by the band comprising the heat sealing around
the cell (37), said band being able to have contamination
from the packaged product itself or from a contaminant
(34).

[0070] Figures 5A-5C show chemical images (30) of
some packages of Serrano ham, illustrating, among other
aspects of the invention, how the control area (36) of the
package, the region of interest of the heat sealing (37)
and the presence of contamination (34) are detected
therein, by means of the processing of the different re-
gions.

[0071] More particularly, Fig. 5A shows two chemical
images (30) generated by the first image processing
means (12), from two different models for assigning col-
our tone (28) based on the comparison with different
spectral signature models (26). From left to right, the first
image is composed to differentiate the control areas of
the package, the second to detect the contamination of
the heat sealing.

[0072] Fig. 5B shows, by way of example, sequences
of the processing of the chemical images of some pack-
ages of Serrano ham, which illustrate, among other as-
pects of the invention, how the control area (36) of the
package and the region of interest of the heat sealing
(37) are detected. From left to right, the first image is
processed to detect the outline of the package, the sec-
ond image to determine the control area (36) of the pack-
age, the third image to determine the regions of interest
of the heat sealing (37).

[0073] More particularly, Fig. 5C shows, by way of ex-
ample, how the presence of contamination (34) is detect-
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ed in the heat sealing (37), by comparing the colour pat-
tern of the contamination in the region of interest of the
heat sealing (37), processing the different regions of in-
terest.

[0074] Figures 6 and 7 show, in front and isometric
views, a possible embodiment of the system for sorting
packaged products.

[0075] Fig. 6 shows, in a front view, the different ele-
ments of the system for sorting packaged products ac-
cording to the invention, previously described in Figures
1 and 2, with the aim of facilitating the understanding of
the diagrams. In this case, the system is provided with
two linear hyperspectral image capture means (5), one
located in the upper enclosure (41) with direct lighting
and the other located in the lower enclosure (42) with
backlit lighting. In this embodiment, two different linear
hyperspectral illumination means (6) are provided, ar-
ranged symmetrically to each other with respect to the
image capture line.

[0076] In this manner, if the halogen lamp of the first
means (6) burns out or said means (6) stop working for
some other reason, there are some second backup or
replacement means (6) located symmetrically. Linear im-
age capture means (4) in the visible light spectrum are
also shown, directly illuminated by linear illumination
means (7) also located in the upper enclosure (41).
[0077] More particularly, Fig. 7 represents the same
as Fig. 6 in an isometric view, only in this case the re-
movable carriages (43) of the upper (41) and lower (42)
enclosures are deployed in order to better display the
different image capture means and the illumination
means of the device for sorting packaged products.
[0078] Figure 8 shows an isometric view of a possible
embodiment of the linear hyperspectral illumination
means (6). In this particular embodiment of the invention,
the metal block (17) coupled to the dissipating fins (18)
is arranged perpendicular to the passage direction of the
packaged products, with a certain inclination on the con-
veyor belt (2), focusing the beam towards the linear Fres-
nel lens (21), which is attached to a mechanism (23) that
enables the position and orientation of the lens to be reg-
ulated, and therefore the width of the lighting line focused
onthe capture area of the hyperspectral camera (3) which
hits the package.

Claims

1. Asystemforsorting packaged products (1), said sys-
tem being provided with:

- at least one conveyor belt (2) configured to
transport the packaged products (1) from an en-
try area to an exit area;

- at least one linear image capture means (4),
configured to capture images of the light reflect-
ed or transmitted in the visible spectrum by the
packaged products (1) along a predefined im-
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age capture line (3);

- at least one linear illumination means (7) con-
figured to emit light in the visible light spectrum
and illuminate the image capture line (3);

said system being characterised in that it further
comprises:

- atleastone linear hyperspectral image capture
means (5), configured to capture hyperspectral
images of the light reflected or transmitted in dif-
ferent bands of the infrared spectrum (24) by the
packaged products (1) along the predefined im-
age capture line (3);

- at least one linear hyperspectral illumination
means (6) configured to emit light in the infrared
light spectrum and only illuminate the image
capture line (3);

- firstimage processing means (12), configured
to determine the spectral signature of each pixel
(25) of the hyperspectral images (29) in different
predefined bands of the infrared light spectrum,
in order to compare the spectral signature (26)
of each pixel of the hyperspectral images with a
reference pattern (27) and in order to colour the
hyperspectral images (29) in a pre-established
tone (28) depending on the result of the com-
parison of the spectral signature (26) thereof
with the reference pattern (27), giving rise to col-
oured hyperspectral images (30);

- second image processing means (13), config-
ured to analyse at least one predetermined con-
trol area region (36) of each image acquired from
the linear image capture means (4) and of each
coloured hyperspectral image (30) obtained
from the first image processing means (12); to
compare at least said control area (36) of each
of said images to at least one reference pattern;
to sort said images depending on said compar-
ison with the reference pattern and send sorting
instructions to actuation means (14); and

- actuation means (14), configured to receive
the sorting instructions and actuate sorting
means (9) for the packaged products (1) based
on said sorting instructions, the sorting means
(9) being arranged in the exit area.

The system according to claim 1, wherein the linear
image capture means (4) comprise a linear digital
camera.

The system according to any of the preceding claims,
wherein the linear hyperspectral image capture
means (5) comprise a linear hyperspectral digital
camera configured to capture images in the spec-
trum of 400 to 2000 nanometres in wavelength.

The system according to any of the preceding claims,
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10.

1.

12.

wherein the sorting means (9) comprise a pneumatic
blowing device, a folding belt, a pneumatic pusher
or a pneumatic solenoid valve connected to a reject-
or.

The system according to any of the preceding claims,
wherein the actuation means (14) comprise a pro-
grammabile logic controller connected to the second
image processing means (13).

The system according to any of the preceding claims,
which further comprises a display monitor (15) con-
figured to show images obtained by the image cap-
ture means (4) and (5), the monitor (15) being further
provided with actuation buttons and illuminated
lights (16) which enable different operating param-
eters to be configured and navigating through differ-
ent screens.

The system according to any of the preceding claims,
wherein presence sensors (8) are further provided
in the entry area and in the exit area.

The system according to any of the preceding claims,
wherein two feeder belts (2) arranged in series with
each other are provided, there being a gap between
both feeder belts (2) and the image capture line (3)
being located in said gap.

The system according to claim 8, wherein an upper
enclosure (41) and a lower enclosure (42) are pro-
vided wherein the linear image capture means (4),
the linear hyperspectral image capture means (5),
the linear hyperspectral illumination means (6)
and/or the linear illumination means (7) are housed.

The system according to any of the preceding claims,
wherein the linear hyperspectral illumination means
(6) comprise a thermally conductive block (17) cou-
pled to heat-dissipating fins (18); said block (17) be-
ing provided with a parabola-shaped innercavity (19)
with a reflective surface finish; a linear halogen lamp
(20) being provided in the focus of said parabola such
that the light emitted by the lamp (20) is reflected by
the parabola and is concentrated in a light strip (22)
with a fixed width; a linear Fresnel lens (21) being
focused on said light strip (22), lens which is config-
ured to concentrate the received light into a line (3)
with a predefined width.

The system according to claim 10, wherein the linear
hyperspectral illumination means (6) are provided
with a displacement mechanism (23) for the linear
Fresnel lens (21).

The system according to any of the preceding claims,
wherein two different linear hyperspectral illumina-
tion means (6) are provided, arranged symmetrically
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to each other with respect to the image capture line

@)

13. A method for sorting packaged products (1) using a

sorting system according to any of claims 1 to 11,
said sorting method being characterised in that it
comprises the following steps:

- actuating at least one conveyor belt (2) to trans-
port the packaged products (1) from an entry
area to an exit area;

- actuating the linear illumination means (7) and
the linear hyperspectral illumination means (6)
to illuminate the image capture line (3);

- actuating the linear image capture means (4)
to capture images of the light reflected or trans-
mitted in the visible spectrum by the packaged
products (1) along theimage capture line (3) and
actuating the linear hyperspectralimage capture
means (5) to capture hyperspectral images of
the light reflected or transmitted in the infrared
spectrum (24) by the packaged products (1)
along the image capture line (3);

- with the first processing means (12), analysing
the intensity of the light from each pixel (25) of
the hyperspectral images (29) in different pre-
defined bands of the infrared light spectrum, in
order to establish the spectral signature (26) of
the hyperspectral images (29) based on said
analysis of the intensity, comparing the spectral
signature (26) of the hyperspectral images (29)
to a reference pattern (27) and colouring the hy-
perspectralimagesin a pre-established tone de-
pending on the result of the comparison of the
spectral signature (26) thereof with the refer-
ence pattern (27), inorderto giverise to coloured
hyperspectral images (30);

- with the second image processing means (13),
analysing at least one predetermined control ar-
ea (36) of each image acquired from the linear
image capture means (4) and of each coloured
hyperspectral image (30) obtained from the first
image processing means (12); comparing at
least one control area (36) of each of said im-
ages to at least one reference pattern; sorting
said images depending on said comparison with
the reference pattern and sending sorting in-
structions to actuation means (14); and

- receiving the sorting instructions and with the
actuation means (14), actuating the sorting
means (9) for the packaged products (1) based
on said sorting instructions.

14. The sorting method according to claim 13, wherein

the control area (36) analysed by the second image
processing means (13) comprises a heat-sealing
band (33) of the product package (1), a cell (31)
wherein the products are deposited (39) or an area
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10

15.

16.

wherein printed codes of the packaged product (1)
are provided.

Linear hyperspectral illumination means (6) charac-
terised in that they comprise a thermally conductive
block (17) coupled to heat-dissipating fins (18); said
block (17) being provided with a parabola-shaped
inner cavity (19) with a reflective surface finish; a
linear halogen lamp (20) being provided in the focus
of said parabola such that the light emitted by the
lamp (20) is reflected by the parabola and is concen-
trated in a light strip (22) with a fixed width; a linear
Fresnel lens (21) being focused on said light strip
(22), lens which is configured to concentrate the re-
ceived light into a line (3) with a predefined width.

The linear hyperspectral illumination means (6) ac-
cording to claim 14, which are further provided with
a displacement mechanism (23) for the linear Fres-
nel lens (21).
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