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(54) A METHOD FOR SORTING OBJECTS TRAVELLING ON A CONVEYOR BELT

(67)  The present invention relates to a method for
sorting objects, the method includes at least one imaging
sensor and a controller comprising a processor and a
memory storage, wherein the controller receives image
data captured by the at least one imaging sensor; and at
leastone sorting robotis coupled to the controller, where-
in the at least one sorting robot is configured to receive
an actuation signal from the controller. The processor
executes an object identification module configured to

Fre 1
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detect objects travelling on a conveyor belt and recognize
at least one target item travelling on the conveyor belt by
processing the image data and to determine an expected
time when the at least one target item will be located
within a diversion path of the sorting robot; and wherein
the controller selectively generates the actuation signal
based on whether a sensed object detected in the image
data comprise the at least one target item.
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Description

[0001] The present invention relates to a method for
sorting objects travelling on a conveyor belt, where image
data is captured by at least one imaging sensor for an
image comprising at least one object travelling on the
conveyor belt and where imaging sensor provides color
image data.

BACKGROUND ART

[0002] In many recycling centers that receive recycla-
ble materials, sortation of materials may be done by hand
or by machines. For example, a stream of materials may
be carried by a conveyor belt, and the operator of the
recycling center may need to direct a certain fraction of
the material into a bin or otherwise off the current con-
veyer. These conventional sorting systems are large in
size and lack flexibility due to their large size. Moreover,
they lack the ability to be used in recycling facilities that
handle various types of items such as plastic bottles, alu-
minum cans, cardboard cartons, and other recyclable
items, or to be readily updated to handle new or different
materials. It is also known to use automated solutions
using sensors or cameras to identify materials carried on
a conveyor belt, which via a controller may activate a
sorting mechanism. However, these new solution does
not always function perfect.

[0003] The conventional plastic sorting solutions are
based on near-infrared / short-wave-infrared (NIR/SWIR)
spectrometry, where e.g. a NIR/SWIR reflection spec-
trum is collected for each plastic object and the spectrum
identifies the material type of the plastic object - which
determines the sorting.

The NIR/SWIR-spectrometric sorting systems are una-
ble to handle dark and black plastics as all dark and black
plastics return the same flat spectrum in the NIR/SWIR-
range regardless of the material type. Moreover,
NIR/SWIR-systems also cannot discriminate properly
between white and transparent plastics, which is impor-
tant for proper recycling. Another drawback of the spec-
trometric systems is that the system cannot sort waste
by application - e.g. they cannot sort food from non-food
plastics.

[0004] Finally spectrometric systems are also chal-
lenged by composite plastic objects, e.g. a bottle with a
bottle cap and afoil covering the bottle - the spectrometric
system might sort the object based on the foil.

DISCLOSURE OF THE INVENTION

[0005] An object of the present invention is to provide
a method for identifying and sorting waste material in a
more precise manner.

[0006] Afurtherobjectisto provide a cost-effective and
effective method of identifying and sorting waste mate-
rial, in particular waste material comprising plastic
[0007] Normally, when waste and garbage is collected
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and initial sorting into different material categories is per-
formed. The categories may e.g. be glass, metal, plastic,
cardboard, paper and biological waste. Thus, when the
waste reaches the recycling center each material fraction
is normally sorted into even finer fractions. The metal
fraction may sorted into aluminium and iron fractions and
plasticinto fractions based on different plastic types such
as PE, PP or fractions with soft and hard plastic.

[0008] The present invention relates to a method for
sorting objects travelling on a conveyor belt,

the method comprising:

receiving image data captured by at least one imag-
ing sensor for an image comprising at least one ob-
ject travelling on the conveyor belt said imaging sen-
sor provides color image data with a spatial resolu-
tion of at least 0.4 px/mm;

executing a product detection and recognition mod-
ule on a processor, the product detection and rec-
ognition module being configured to detect charac-
teristics of the at least one object travelling on the
conveyor belt by processing the image data;

determining an expected time when the at least one
object will be located within a sorting area of at least
one sorting device; and

selectively generating a robot control signal to oper-
ate the at least one sorting device on whether the at
least one object comprises a target object.

[0009] In this context the term "sorting device" should
includes a robot, mechanical actuators, actuators based
on a solenoid, air jet nozzles etc.

[0010] The terms "object", "item" and "product" and
their plural form are used interchangeable in this text.
[0011] The imaging sensor is preferably a camera,
which are able to provide color images in environment
with low light intensity, e.g. light intensities around 500
lumen. Preferably, the camera operates at light intensi-
ties around 1000 lumen or more, such as 1500 lumen or
more.

[0012] In an embodiment the target object is guided to
a collection device in the sorting area by means of the
sorting device. The sorting robot may control e.g. a push-
er device or air jet nozzles which are suitable for guiding
the target object to a collection device.

[0013] In an embodiment of the method according to
the invention, the characteristics of the at least one object
travelling on the conveyor beltis the physical appearance
or shape of the object. Thus, the method is capable of
identifying objects based on their design features.
[0014] In an embodiment of the method according the
invention, the characteristics of the at least one object
travelling on the conveyor belt is the color and/or trans-
parency of the object. Thus, the method is also suitable
for detecting objects based on their color or transparency.
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[0015] In an embodiment the characteristics of the at
leastone object travelling on the conveyor belt is selected
from vendor names, brand names, product names, trade-
marks, logos, symbols, slogans or a combination of two
or more of the characteristics. The product detection and
recognition module may interact with one or more data-
bases comprising information about vendor names,
brand names, product names, trademarks, and slogans
and retract information from these database to identify
objects.

[0016] In respect of the three above mentioned em-
bodiments it is clear that the features of these embodi-
ments, may be combined in any desireable manner.
[0017] For the purpose of obtaining a more precise
identification the product detection and recognition mod-
ule may apply two or more characteristics in the product
detection and recognition process.

[0018] In an embodiment the imaging sensor has a
spatial resolution is at least 2 px/mm (pixel/mm). With
such a spatial resolution the imaging sensor is able to
provide very detailed images.

[0019] In an embodiment the spatial resolution is at
least 4 px/mm. When the spatial resolution is about 4
px/mm or more, the imaging sensor is able to detect very
small scale details, such as logos with an extent of about
5 mm or less.

[0020] In an embodiment the method is adapted for
detecting and recognizing objects used as packaging or
container for food items, such a bottles and trays. The
objects may e.g. be bottles for juice and soft drinks made
from plastic, such as transparent plastic. The object may
also be a tray used for e.g. meat or biscuits. The trays
may e.g. be made from plastic material in any desired
colors. The trays may be marked with a "fork and knife"
logo indicating the tray is for use with foodstuff.

[0021] In an embodiment the method is adapted for
detecting and recognizing black objects. Black objects
are difficult to detect due to the low reflection from the
material, however, the method according to the invention
has proven to be surprisingly efficient in detecting and
recognizing black objects. The black object may e.g. be
made from plastic which it is desirable to sort properly.
Preferably the black object is tray for food, such as a
plastic tray for meat.

[0022] In one aspect of the method the detection and
recognition of object are based on the detection and rec-
ognition modules interaction with one or more databases,
such as databases comprising information about e.g.
specific product (such as materials used in the product),
vendor names, brand names, product names, trade-
marks, and slogans.

[0023] The method may also apply a convolutional
neural network.
[0024] Thus, in an embodiment of the method accord-

ing to the invention, the product detection and recognition
involves a convolutional neural network.

[0025] Forthe convolutional neural network to be used
for identification of items/objects learned during training
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operations, the method proceeds with an inference proc-
ess where during operation the neural network parame-
ters are loaded into a computer processor (such as the
processor mentioned above) in aneural network program
thatimplements the convolutional neural network. During
operation, the processor may then receive images from
the imaging sensor, and pass that image through the
convolutional neural network program. The convolutional
neural network then outputs a decision, indicating, for
example, the type of object present in the image with
highest likelihood.

[0026] In atraining operation, the labeled data is used
by a training algorithm (which may be performed by a
training processor) to optimize the convolutional neural
network to identify the object in the captured images with
the greatest feasible accuracy. As would be readily ap-
preciate by one of ordinary skill in the art, a number of
algorithms may be utilized to perform this optimization,
such as Stochastic Gradient Descent, Nesterov’s Accel-
erated Gradient Method, the Adam optimization algo-
rithm, or other well-known methods. In Stochastic Gra-
dient Descent, a random collection of the labeled images
is fed through the network. The error of the output neu-
rons is used to construct an error gradient for all the neu-
ron parameters in the network. The parameters are then
adjusted using this gradient, by subtracting the gradient
multiplied by a small constant called the "learning rate".
These new parameters may then be used for the next
step of Stochastic Gradient Descent, and the process
repeated.

[0027] The result of the optimization includes a set of
convolutional neural network parameters (which are
stored in a memory) that allow the convolutional neural
network to determine the presence of an object in an
image. During operation, the neural network parameters
may be stored on digital media. In an example of imple-
mentation, the training process may be performed by cre-
ating a collection of images of items, with each image
labeled with the category of the items appearing in the
image. Each of the categories can be associated with a
number, for instance the conveyor belt might be 0, a car-
ton 1, atransparent plastic bottle 2, etc. The convolutional
neural network would then comprise a series of output
neurons, with each neuron associated with one of the
categories. Thus, neuron 0 is the neuron representing
the presence of conveyor belt, neuron 1 represents the
presence of a carton, neuron 2 represents the presence
of a transparent plastic bottle, and so forth for other cat-
egories.

[0028] The method may be designed to detect and rec-
ognize waste objects using very specific categories,
product-specific categories, i.e. to classify each waste
object as belonging to a specific vendor, brand, product
and/or application (food, cosmetics, other). This may be
enabled by e.g., using an application/shape/color hierar-
chical ordering:

e Food
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for identification of items/materials learned during train-
ing operations, the method proceeds with an inference
process where the neural network parameters are loaded
into a computer processor (such as the processor men-
tioned above) in a neural network program that imple-
ments convolutional neural network. During operation,
the processor may then receive images from the imaging
sensor, and pass that image through the convolutional
neural network program. The neural network then out-
puts a decision, indicating, for example, the type of
item/material presentin theimage with highestlikelihood.
[0030] In an embodiment of the method, the method
further comprise interaction with a product database. The
product database may containinformation aboutan iden-
tified object, such as which material or materials the ob-
jectis manufactured from. Such informationis very useful
in a sorting process.

[0031] Inan embodiment the object is a plastic object.
The object may be made from plastic material such as
e.g. PE, PP, PS, PET, PVC, PVA or ABS. Large amount
of plastic is used today, which generates large amount
of plastic waste and the present invention provides a
method for efficient sorting of plastic material.

[0032] Theinvention also provides a system for sorting
objects, the system comprising:

at least one imaging sensor;

a controller comprising a processor and a memory
storage, wherein the controller receives image data
captured by the at least one imaging sensor; and

at least one sorting robot coupled to the controller,
wherein the at least one sorting robot is configured
to receive an actuation signal from the controller;

wherein the processor executes an object identifica-
tion module configured to detect objects travelling
on a conveyor belt and recognize at least one target
item travelling on a conveyor belt by processing the
image data and to determine an expected time when
the at least one target item will be located within a
diversion path of the sorting robot; and

wherein the controller selectively generates the ac-
tuation signal based on whether a sensed object de-
tected in the image data comprise the at least one
target item.

DETAILED DESCRIPTION OF THE INVENTION

[0033] The invention will now be described in further
details with reference to drawings in which:
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Figure 1: shows an embodiment with a conveyor and
a robot;

Figure 2: shows an embodiment with just a convey-
or;

Figure 3: shows an embodiment without conveyor
(nor robot);

Figure 4: shows a detailed view of the invention;

Figure 5: shows a method forlogo/symbol detection;

Figure 6: shows the principles of text detection and
recognition;

Figure 7: illustrates the principles of neural network
object detection;

Figure 8: illustrates the principles of two-stage neu-
ral network object detection;

Figure 9: shows an embodiment linking high resolu-
tion with a neural network; and

Figure 10:  shows examples of symbols, which can be
detected by the method.

[0034] The figures are only intended to illustrate the

principles of the invention and may not be accurate in
every detail. Moreover, parts which do not form part of
the invention may be omitted. The same reference num-
bers are used for the same parts.

[0035] Figure 1is a diagram showing the principles of
the invention. Reference number 1 indicates the convey-
er belt. Box 2 illustrates the "scene" on the conveyer belt
1, i.e. the conveyor belt with one or a number of items.
The scene 2 reflects light, which are registered by the
camera 3, and transformed into an image. The image is
processed in a product detection and recognition module
4 to identify the item or items presentin the scene 2. The
information from the product detection and recognition
module 4 is send to the sorting control 5, which may ob-
tain further information about the identified items from
the product database 6.

[0036] The sorting control 5communicates with a robot
controller 7 which control a robot 8, which is physically
able to intervene in scene 2b in a sorting area on the
conveyer belt 1 and sort the item or items into specific
categories of waste material.

[0037] The speed of the conveyor belt 1 is monitored,
and an encoder 9 sends information about the speed of
the conveyer belt 1 to a synchronizer 10. The synchro-
nizer sends signals to the camera 3 and determines how
many images the camera 3 should take per second. The
synchronizer also sends signals to the robot controller 7
with information about when the scene 2b reaches the
sorting area. The encoder 9 may also send signals di-
rectly to the robot controller 7.

[0038] Scene2aandscene 2bareinprinciple identical,
and the reference numbers only indicates that the con-
veyor belt has moved the scene a distance from the point
where scene 2a was registered by the camera 3.
[0039] Figure 2 illustrates the principles of the convey-
or belt information system. The speed of the conveyor
belt is monitored, and the information about the speed is
transformed by the encoder 9 and send as an encoder
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signal to the synchronizer 10. The synchroniser 10 sends
a signal to the camera 3 when an image of the scene 2a
needs to be provided. Depending on the actual speed of
the conveyor belt the camera may provide several imag-
es of the scene 2a per second. However, if the speed of
the conveyor belt is slow the camera 3 only needs to
provide a few images per minute.

[0040] The images from the camera 3 are send to the
product detection and recognition module 4 to be proc-
essed and the items in the image identified. The infor-
mation about the identified items are then send to the
visualization and statistics module 5a for further process-
ing to display or otherwise provide the information that
can be extracted or accumulated from the detection sys-
tem. The visualization and statistics module 5a is inte-
grated with the sorting control 5.

[0041] The visualization and statistics module 5a com-
municates with the product database 6 to obtain more
detailed information about product properties for an iden-
tified item. The information about product properties may
e.g. be information about material.

[0042] Based on the information available the sorting
control sends commands to the robot controller (not
shown infigure 2), which will activate the robot to perform
desired sorting motions and actuations, when the scene
2a reaches the sorting area (scene 2b).

[0043] Figure 3 illustrates the principles of the informa-
tion system. The information systemincludes the camera
3, the product detection and recognition module 4, the
visualization and statistics module 5a and the product
database 6.

[0044] The images from the camera 3 are send to the
product detection and recognition module 4 where the
items on the images (appearing on the scene 2a) are
identified.

[0045] The camera 3, the lightning and the conveyor
speed must be adjusted to provide images which meet
the requirements, e.g. images with sufficient lightning
and with little motion blur.

[0046] The information about the identified items are
then send to the visualization and statistics module 5a
for further processing. The visualization and statistics
module 5a is integrated with the sorting control 5.
[0047] The visualization and statistics module 5a com-
municates with the product database 6. The visualization
and statistics module 5a can search the product data-
base 6 and obtain more detailed information about prod-
uct properties for an identified item. The information
about product properties may e.g. be information about
material.

[0048] Based on the information available, the sorting
control sends commands to the robot controller, which
will activate the robot to perform desired sorting motions
and actuations. This will result in that the items appearing
on the scene 2a on the conveyor belt will be sorted to
desired fractions.

[0049] Figure 4 shows the principles of product detec-
tion and recognition. The image distributor 21 receives
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and image and distributes the image to a neural network
object detection module 22, a logo detection module 23,
and symbol detection module 24, and a text detection
and text+font recognition module 25.

[0050] Theinformation which is deduced from the neu-
ral network object detection module 22, the logo detec-
tion module 23, and the symbol detection module 24 are
send to the recognition module 4a for further processing.
[0051] The information from the text detection and
text+font recognition module 25 is further processed in
the vendor name recognition module 26, the brand name
recognition module 27, the product name recognition
module28, the slogan recognition module 29, and prod-
uct description recognition module 30, before the infor-
mation is send to the product recognition module 4a for
further processing.

[0052] The productrecognition module 4ais integrated
in the product detection and recognition module 4.
[0053] Figure5isillustrates amethod forlogo and sym-
bol detection as shown in figure 4.

[0054] In the logo detection module and symbol detec-
tion module the overall detection principles are generally
the same. When the modules receive an image from the
image distributor, the image is first processed in a feature
extraction module 40, extracting local features. The in-
formation is sentto afeature description module 41 which
describes the local features and send the information to
amatchingmodule 42. The matching module 42 interacts
with a feature descriptor database 44 which can provide
furtherinformation about the features. From the matching
module 42 matched local feature descriptors are send to
aclusteringmodule 43, before the information is provided
to the product recognition module for further processing.
[0055] Figure 6illustratesin more details the principles
of text detection and recognition carried out in the text
detection and text+font recognition module 25.

[0056] When the text detection and text+font recogni-
tion module receive an image from the image distributor,
the image is first processed in a convolutional neural net-
work 50 which send a compressed image representation
to a text detection module 25a which again sends text
boxes to a text recognition module 25b and font recog-
nition module 25c¢. The text recognition module 25b and
the font recognition module 25c¢ provides information
about text and font to the modules 26 - 30 in figure 4.
After processing in the modules 26 - 30, text information
is provided to the product recognition module.

[0057] During the processing of the image, the convo-
lutional neural network 50, the text detection module 25a,
and the text recognition module 25b interact with a im-
ages and annotations database 51. The images and an-
notations database 51 is a training database which sup-
ports the image the convolutional neural network 50.
Neural network parameters are learned in the training
phase from images and annotations. It is the learned
model that is extracted from the images and annotations
which is interacted with during operation/processing.
[0058] Figure 7 illustrates the general principles of neu-
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ral network object detection. The image is send to the
convolutional neural network 50 for processing and the
convolutional neural network 50 sends compressed im-
age representation to an object detection module 52
which detects the objects.

[0059] Duringthe processthe convolutional neural net-
work 50 and the object detection module 52 interact with
the images and annotations database 51. Neural network
parameters are learned in the training phase from images
and annotations. Itis the learned model that is extracted
from the images and annotations which is interacted with
during operation/processing.

[0060] Figure 8illustrates the general principles of two-
stage neural network object detection.

[0061] An image is distributed from the image distrib-
utor module 21. The image is sent to the convolutional
neural network 50 and the object recognition module 53.
The convolutional neural network 50 sends compressed
image representation to the object detection module 52
which detects the objects and sends the information to
the object recognition module 53, which recognize the
objects.

[0062] The convolutional neural network 50, the object
detection module 52, and the object recognition module
53 interact with the images and annotations database 51
during the detection and recognition process. The neural
network parameters are learned in the training phase
from images and annotations. Itis the learned model that
is extracted from the images and annotations which is
interacted with during operation/processing.

[0063] Figure 9 illustrates an embodiment where an
image with high resolution is linked to a neural network
for object detection. The architecture of the network is
adapted to the high resolution in the images by neural
network layers 50a, 50b and 50 c in the beginning of the
network. The embodiment corresponds to the embodi-
ment shown in figure 7, but adapted for images with high
resolution.

[0064] Figure 10illustrates examples of symbols which
canbe detected by the method according to the invention.

Claims

1. A method for sorting objects travelling on a conveyor
belt,
the method comprising:

receiving image data captured by at least one
imaging sensor for an image comprising at least
one object travelling on the conveyor belt said
imaging sensor providing color image data with
a spatial resolution of at least 0.4 px/mm;

executing a product detection and recognition
module on a processor, the product detection
and recognition module being configured to de-
tectcharacteristics ofthe atleast one object trav-
elling on the conveyor belt by processing the
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image data;

determining an expected time when the at least
one object will be located within a sorting area
of at least one sorting device; and

selectively generating a device control signal to
operate the at least one device on whether the
at least one object comprises a target object.

A method according to claim 1, wherein the target
object is guided to a collection device in the sorting
area by means of the sorting device.

A method according to claim 1 or 2, wherein char-
acteristics of the at least one object travelling on the
conveyor belt is the physical appearance or shape
of the object.

A method according to anyone of the preceding
claims, wherein characteristics of the at least one
object travelling on the conveyor belt is the color or
colors and/or transparency of the object.

A method according to anyone of the preceding
claims, wherein characteristics of the at least one
object travelling on the conveyor belt is selected from
vendor names, brand names, product names, trade-
marks, logos, symbols, slogans or a combination of
two or more of the characteristics.

A method according to anyone of the preceding
claims, wherein the product detection and recogni-
tion module applies two or more characteristics in
the product detection and recognition.

A method according to anyone of the preceding
claims, wherein said spatial resolution is at least 2
px/mm.

A method according to anyone of the preceding
claims, wherein said spatial resolution is at least 4
px/mm.

A method according to anyone of the preceding
claims, wherein product detection and recognition
involves a convolutional neural network.

A method according to anyone of the preceding
claims, wherein the method further comprises inter-
action with a product database.

A method according to anyone of the preceding
claims, wherein the object is a plastic object.

A method according to anyone of the preceding
claims, wherein the method is adapted for detecting
and recognizing objects used as packaging or con-
tainer for food items, such a bottles and trays.
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13. A method according to anyone of the preceding

claims, wherein the method is adapted for detecting
and recognizing black objects.

14. A method according to claim 13, wherein the black

object is a tray for food.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1, 2

Collection

2. claim: 3

Appearence / shape

3. claim: 4

Colour / transparency

4. claim: 5
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5. claim: 6
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6. claims: 7, 8

2 px/mm, 4 px/mm

7. claims: 9, 10
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8. claim: 11

Plastic object

9. claim: 12

Packaging, container

10. claims: 13, 14

Black objects
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