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DETECTION OF DEVIATIONS IN PACKAGING CONTAINERS FOR LIQUID
FOOD

Technical Field

The present disclosure generally relates to techniques for detection of
deviations in packaging containers for liquid food, and in particular detection based on
image data captured in a manufacturing plant during production of the packaging

containers.

Background Art

Detection of deviations, such as defects or other deviations from an expected
product configuration is critical in production lines, such as in the manufacturing of
sealed packaging containers for liquid food in a filling machine or other machines used
in production of such packaging containers, in order to configure optimal operating
settings and ensure a desired performance over a period of time. Deviations in the
produced packaging containers may lead to variations in the appearance of the
packaging containers, e.g. inconsistencies that may cause concern from the consumer
point-of-view, or cause sub-optimal performance, e.g. in terms of packaging container
integrity or stability. There is a need for efficient, automated and reliable tools and
procedures for quality control, as well as identification and grading of deviations in
packaging containers for liquid food in a manufacturing plant.

Summary

It is an objective of the invention to at least partly overcome one or more
limitations of the prior art.

One objective is to provide for automated detection and grading of deviations in
packaging containers for liquid food.

A further objective is to provide for detection of deviations of different deviation
types in packaging containers for liquid food.

One or more of these objectives, as well as further objectives that may appear
from the description below, are at least partly achieved by a method of detecting
deviations in packaging containers for liquid food in a manufacturing plant, a method
for generating a set of basis functions associated with a deviation type, a computer-
readable medium, and a system according to the independent claims, embodiments
thereof being defined by the dependent claims.
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A first aspect of the invention is a method a method of detecting deviations in
packaging containers for liquid food in a manufacturing plant. The method comprises:
obtaining image data of a packaging container, or a starting material for use in
producing the packaging container; analyzing the image data for detection of a current
deviation; processing the current deviation in relation to a set of basis functions, which
is associated with a deviation type of the current deviation, to obtain a current set of
weights that represent the current deviation; and determining a current grading of the
current deviation based on the current set of weights.

The first aspect provides a versatile and efficient technique that is well-suited for
automated detection and grading of deviations in packaging containers for liquid food.
The first aspect characterizes the detected deviations in terms of one or more weights
of basis functions that are known to represent the deviation type of the detected
deviations. The use of basis functions makes the detection versatile, since different
sets of basis functions may be determined for different deviation types. Further, the
basis functions for a deviation type may be pre-computed based on reproductions of
actual deviations, and the detection and grading may thus be tailored to an actual
production environment. The computation of the current set of weights yields a
corresponding set of weight values that provides a “fingerprint” of the current deviation
and thereby enables the current deviation to be simply and reliably assigned a quality
grading, for example by use of a known and predetermined relation between values of
the weights and quality gradings. By increasing the number of basis functions, and thus
the number of weights combined in the fingerprint, it is possible to increase the
precision of the grading.

In one embodiment, the method further comprises: mapping the current set of
weights to a grading database that relates combinations of weights to gradings for the
deviation type of the current deviation, wherein the current grading of the current
deviation is determined based on said mapping.

In one embodiment, the processing further comprises : processing the current
deviation for determination of the deviation type.

In one embodiment, the method further comprises: obtaining the set of basis
functions from a basis function database as a function of the deviation type.

In one embodiment, the method further comprises: defining a current feature
vector representing the current deviation; and computing the current set of weights as a
function of the current feature vector and the set of basis functions.
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In one embodiment, the computing the current set of weights comprises:
determining projections of the current feature vector onto the set of basis functions; and
determining the current set of weights based on scalar values of the projections.

In one embodiment, the basis functions are linearly independent and/or
mutually orthogonal.

In one embodiment, the basis functions correspond to principal components
given by Principal Component Analysis, PCA.

In one embodiment, the method further comprises: determining a time stamp for
the current deviation; determining, based on the time stamp, associated production
parameters of the manufacturing plant, and correlating the time stamp, the current
grading and the deviation type with the production parameters.

In one embodiment, the method further comprises: communicating control
instructions to a machine in the manufacturing plant comprising modified production
parameters according to the current grading and/or the deviation type.

In one embodiment, the method further comprises: causing an alert notification
as a function of the current grading.

In one embodiment, the deviation type comprises any of: wrinkles in a material
of the packaging containers or in the starting material, unsealed flaps of the packaging
containers, torn or cloudy holes in the packaging containers or the starting material,
dents or bumps in the packaging containers, delamination of the packaging containers
or in the starting material, and flawed patterning and/or coloring and/or holographic or
metallized film of a surface of the packaging containers or the starting material.

A second aspect of the invention is a method for generating a set of basis
functions associated with a deviation type for use in the method of the first aspect or
any of its embodiments. The method of the second aspect method comprises:
obtaining reproductions of packaging containers, or a starting material for use in
producing the packaging containers, said reproductions comprising deviations of said
deviation type; processing the deviations by a basis function computation algorithm to
obtain one or more basis functions; and generating the set of basis functions based on
the one or more basis functions.

A third aspect of the invention is a computer-readable medium comprising
computer instructions which, when executed by a processor, cause the processor to
perform the method of the first or second aspects or any embodiment thereof.

A fourth aspect of the invention is a system for detecting deviations in
packaging containers for liquid food produced in a manufacturing plant, the system
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comprising a processor configured to perform the method of the first or second aspects
or any embodiment thereof. The system may further comprise at least one imaging
device configured to capture and provide the image data. The processor may be
included in a monitoring device and operatively connected to a communication
interface which is configured for connection to the at least one imaging device.

Still other objectives, as well as features, aspects and advantages of the
invention will appear from the following detailed description as well as from the

drawings.

Brief Description of the Drawings

Embodiments of the invention will now be described, by way of example, with
reference to the accompanying schematic drawings.

Fig. 1 is a schematic illustration of a system for detection of deviations in
packaging containers.

Fig. 2 is a top-down view of a packaging container having a deviation in the top-
right corner.

Fig. 3 is a flowchart of an example method for detection of deviations.

Fig. 4 is a schematic illustration of a system for deviation detection when
operative in a manufacturing plant.

Fig. 5a shows an example of a set of basis functions for a specific deviation
type, and Fig. 5b is a scatter plot of weight values determined for packaging containers
having the specific deviation type and using two of the basis functions in Fig. 5a.

Fig. 6 is a flowchart of an example method for generation of basis functions.

Fig. 7 is functional block diagram of a system for generating basis functions.

Fig. 8 is a block diagram of a device that may implement methods in
accordance with some embodiments of the present disclosure.

Detailed Description

Embodiments will now be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all, embodiments are shown. Indeed,
the invention may be embodied in many different forms and should not be construed as
limited to the embodiments set forth herein; rather, these embodiments are provided so
that this disclosure may satisfy applicable legal requirements.

Also, it will be understood that, where possible, any of the advantages, features,
functions, devices, and/or operational aspects of any of the embodiments described
and/or contemplated herein may be included in any of the other embodiments
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described and/or contemplated herein, and/or vice versa. In addition, where possible,
any terms expressed in the singular form herein are meant to also include the plural
form and/or vice versa, unless explicitly stated otherwise. As used herein, "at least one"
shall mean "one or more" and these phrases are intended to be interchangeable.
Accordingly, the terms "a" and/or "an" shall mean "at least one" or "one or more", even
though the phrase "one or more" or "at least one" is also used herein. As used herein,
except where the context requires otherwise owing to express language or necessary
implication, the word “comprise” or variations such as “comprises” or “comprising” is
used in an inclusive sense, that is, to specify the presence of the stated features but
not to preclude the presence or addition of further features in various embodiments. As
used herein, the term “and/or” comprises any and all combinations of one or more of
the associated listed items. Further, a “set” of items is intended to imply the provision of
one or more items.

As used herein, "liquid food" refers to any food product that is non-solid, semi-
liquid or pourable at room temperature, including beverages, such as fruit juices, wines,
beers, sodas, as well as dairy products, sauces, oils, creams, custards, soups, etc, and
also solid food products in a liquid, such as beans, fruits, tomatoes, stews, etc.

As used herein, "packaging container" refers to any container suitable for
sealed containment of liquid food products, including but not limited to containers
formed of packaging laminate, e.g. cellulose-based material, and containers made of or
comprising plastic material.

As used herein, "starting material" refers to any base material that is processed
to form part of a packaging container, including but not limited to sheet material of
packaging laminate, closures (caps, lids, covers, plugs, foil, etc.) for closing the
packaging container, labels for attachment to the sheet material or the packaging
container.

As used herein, the term "deformation” is intended to generally designate any
distortion of or deviation from an acceptable or ideal appearance of packaging
containers. Thus, a deformation is not restricted to alterations of form or shape but also
includes alterations in surface structure, surface patterning, surface coloring, etc.

As used herein, the term "basis functions" is used in its ordinary meaning and
refers to linearly independent elements that span a function space so that every
function in the function space can be represented as a linear combination of the basis
functions. The basis functions may be represented as vectors, and the function space
may be a vector space of any dimension.
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Like reference signs refer to like elements throughout.

Fig. 1a is a schematic illustration of a system 300 for detection of deviations in
packaging containers 401 for liquid food produced in a manufacturing plant. The
containers 401 are sealed to contain the liquid food and may be at least partly made of
a laminated on non-laminated paperboard material or a plastic material. For example,
the containers 401 may be cartons or bottles, which are well-known in the art.

The system 300 may be arranged to detect the deviations upstream, within or
downstream of a machine 400 in the plant. The machine 400 may be a machine for
feeding and/or manipulating a starting material for the container 401 or part thereof, a
filling machine, a capping machine, an accumulator machine, a straw application
machine, a secondary packaging machine, or any other type of packaging machine
that is deployed in manufacturing plants for packaging of liquid food.

The system 300 comprises a monitoring or inspection device 301 which is
configured to detect and signal deviations occurring during production of the packaging
containers 401, and an imaging device 302 which is arranged and operated to capture
image data of the containers 401 or the starting material, for use by the monitoring
device 301. The imaging device 302 may be arranged along any part of production
line(s) in the manufacturing plant. It is also conceivable that a plurality of imaging
devices 302 may be arranged to capture the image data from different parts of the
production line(s) and/or from different angles in relation to the containers 401, and/or
with different exposure settings or image processing parameters. The image data may
thus comprise multiple streams of image data captured from such a plurality of imaging
devices 302.

The image data may represent the external appearance of the containers 401
or the starting material, or part thereof. In an alternative, the imaging device 302 may
be configured to capture images representing internal features of the containers 401,
e.g. one or more cross-sectional images. The image data may be one-dimensional,
two-dimensional or three-dimensional and comprise any number of channels, e.g. a
grayscale channel and/or any number of color channels.

The system 300 may be deployed for quality monitoring, for example to indicate
packaging containers and/or starting material to be discarded for lack of quality, or to
sort packaging containers 401 according to different quality gradings. Alternatively or
additionally, the system 300 may be deployed to provide input data for a control system
of one or more machines 400 in the manufacturing plant. For example, the input data
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may cause the control system to interrupt production in a machine or to reconfigure a
machine by adjusting one or more of its current settings.

Fig. 2 is an image of a packaging container 401 taken in top plan view by the
imaging system 302. The container 401 has a deviation 403 in the top right corner, in
this example a deformation in the form of a dent/bump. The monitoring device 301 is
configured to process the image in Fig. 2 to determine a grading for the container in the
image.

One aspect of the present disclosure relates to a detection method, which may
be implemented by the system 300 and comprises: obtaining image data of a
packaging container, or a starting material for use in producing the packaging
container; analyzing the image data for detection of a current deviation; processing the
current deviation in relation to a set of basis functions, which is associated with a
deviation type of the current deviation, to obtain a current set of weights that represent
the current deviation; and determining a current grading of the current deviation based
on the current set of weights.

In one embodiment, the detection method is deterministic and operates on pre-
computed basis functions for a specific type or class of deviations, denoted "deviation
type" herein. The deviation type may be defined by a specific location on the container
(or starting material) and/or a specific deformation, e.g. dents, wrinkles, unsealed flaps,
torn or cloudy holes, delamination, flawed color and/or pattern of a surface, a flaw in a
holographic or metallized film attached to or otherwise included on a surface, imperfect
embossing or folding, etc. In one example, the deviation type may be a specific
deformation, irrespective of location. In another example, the deviation type may be
any deformation at a specific location. Many variants are conceivable and readily
appreciated by the person skilled in the art.

The set of basis functions may have been pre-computed by use of any suitable
basis function computation algorithm that renders linearly independent basis functions
based on feature vectors representing the deviation type in a plurality of containers (or
items of starting material). Examples of such computation algorithms include, without
limitation, Principal Component Analysis (PCA), Independent Component Analysis
(ICA), Wavelet analysis, Non-negative Matrix Factorization (NMF), Fourier analysis,
Autoregression analysis, Factor Analysis, Common Spatial Pattern (CSP), Canonical
Correlation Analysis (CCA), etc. Such computation algorithms define a model function
for observations in terms a set of basis functions. Often a generic linear model function

is assumed: X = ) (wi-¢i), where X is an observation, ¢i is a respective basis function,
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and wi is a respective weight or basis function coefficient. The basis functions are
linearly independent. For better conditioning, some computation algorithms may also
impose orthogonality among the basis functions. In the following, examples will be
given with respect to PCA, which is a statistical procedure that uses a transformation to
convert a set of observations of correlated variables into a set of values of linearly
uncorrelated basis functions called "principal components". The number of principal
components is less than or equal to the number of original variables. The
transformation is defined in such a way that the first principal component has the
largest possible variance, i.e. accounts for as much of the variability in the data as
possible, and each succeeding component in turn has the highest variance possible
under the constraint that it is uncorrelated with the preceding components. Thus, PCA
results in a number of principal components for the set of observations and a variance
for each principal component. The variance is or corresponds to the above-mentioned
weight for the respective basis function.

The detection method will now be exemplified with reference to the flow chart in
Fig. 3 and an exemplifying monitoring system in FIG. 4. The monitoring system
comprises an imaging system 302 which is arranged to capture images of containers
401 and/or starting material 401’ (illustrated as a sheet of packaging material) in a
manufacturing plant. The monitoring device 301 comprises a deviation detector 40, a
weight generator 41 and a grader 42. The monitoring device 301 is arranged to access
a first database 43 which stores a pre-computed dictionary of basis functions, and a
second database 44 which stores grading data. The databases 43, 44 may be part of
the monitoring device 301, as shown, or located on one or more external devices and
accessed by the monitoring device 301 over a wired or wireless connection.

The illustrated detection method 30 comprises a step 31 of obtaining current
image data of one or more containers 401 or the starting material 401'. The current
image data may be exemplified by the image Ic in Fig. 4, which depicts a container 401
with a deviation 403. Step 32 analyzes the current image data Ic for detection of a
current deviation. In one example, step 32 compares the current image data Ic, or a
selected subset thereof, to a reference image of a deviation-free container or starting
material to detect presence of a current deviation. In another example, step 32 extracts
values of one of more characterizing parameters from the current image data and
compares the values to one or more reference values to detect the presence of a
current deviation. If no deviation is detected by step 32 the method 30 will return to
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step 31. In the system of Fig. 4, steps 31 and 32 may be performed by the deviation
detector 40.

Otherwise, the method proceeds to step 33 which determines current deviation
data representative of the current deviation and computes a current set of weights that
yields the best approximation, according to a predefined criterion, of the current
deviation when applied to linearly combine a set of predefined basis functions, i.e. in
correspondence with the model function X = > (wi-¢i). Step 33 may compute any
number of weights, including a single weight. The current deviation data is determined
in the same format as the observations that were used for determining the set of
predefined basis functions. The current deviation data represents the current deviation
by a plurality of numeric values that are extracted from the current image data Ic. The
current deviation data may thus be denoted a current "feature vector" of one or more
dimensions. In one embodiment, the feature vector represents the geometry of the
deviation, e.g. its shape and/or topography. As used herein, "topography" is the
distribution of height values in relation to a geometric reference, e.g. a two-dimensional
geometric plane. In the example of the dent 403 in Fig. 2, the topography may
designate the variations in height perpendicular to a geometric plane parallel to the top
surface of the container 401. The topography may be represented as height values
along a line, e.g. along a deviation, such as a wrinkle, or along a predefined reference
line. Alternatively or additionally, the topography may be represented as a 2D
distribution of height values. In a further example, the feature vector may define the
curvature at different locations within the deviation, e.g. along a line or in two
dimensions. Any suitable definition of curvature may be used, including conventional
measures of intrinsic and external curvature in two or three dimensions. In another
example, the feature vector may represent a computed difference, in one or more
dimensions, between the image data and a reference template that corresponds to a
container (or starting material) without the deviation. It is also conceivable that the
feature vector comprises a combination of different metrics, e.g. any of the foregoing.

In one embodiment, step 33 determines projections of the current feature vector
onto the set of basis functions, and determines the current set of weights based on
scalar values of the projections. For example, the respective weight may be computed
as a dot product (scalar product) between the feature vector and the respective basis
function.

In the system of Fig. 4, step 33 may be performed by the weight generator 41
and the set of basis functions may be retrieved from the first database 43. In Fig. 4, the
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current set of weights that is computed by the weight generator 41 for the current
image data Ic is designated by [W]c.

The foregoing description presumes that the method 30 is tailored to detect a
specific deviation type, since the pre-computed set of basis functions is generally only
applicable to a specific deviation type. In a more generic embodiment of method 30,
step 33 may process the current deviation to assign the current deviation to one of a
number of predefined deviation types, and retrieve a corresponding set of basis
functions for the current deviation type, e.g. from the first database 43. As indicated in
Fig. 4, the first database 43 may store different sets of basis functions, designated by
[BFIi, for different deviation types, designated by TYPEi. Thus, in the example system
of Fig. 4, step 33 may involve determining a current deviation type TYPEc for the
current deviation, and accessing the first database 43 to retrieve a current set of basis
functions, [BF]c, associated with the current deviation type, TYPEc.

Step 34 maps the set of weights computed by step 33 to grading datain a
grading database. It should be understood that the grading database may store grading
data for each deviation type. In one embodiment, the grading data associates values of
one or more weights with a grading. For example, the grading data may define a
"weight space" and associate different regions in the weight space with a respective
grading, where each weight in the set of weights define a dimension of the weight
space. For example, if the set of weights comprises four weights, the weight space has
four dimensions and the above-mentioned regions are defined in the four-dimensional
weight space. Step 35 determines a current grading or ranking of the current deviation
based on the mapping in step 34. The grading may indicate the magnitude (severity) of
the current deviation for the appearance and/or function of the packaging container
401. The grading may be assigned in any number of gradings, levels or ranks. In one
non-limiting example, the grading is binary and may designate the packaging container
as being either acceptable or non-acceptable.

In the system of Fig. 4, steps 34-35 may be performed by the grader 42, and
the grading database corresponds to the second database 44, in which the above-
mentioned regions are designated by [W]i, the respective associated grading is
designated by Gi, and the current grading is designated by Gc.

To further facilitate understanding of the method 30, Fig. 5a illustrates a set of
basis functions, [BF], that has been pre-computed for a specific deviation type by
operating a PCA algorithm on feature vectors derived from image data of a large
number of containers with deviations 403 of a specific deviation type. Thus, the basis
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functions BF1-BF4 are principal components produced by the PCA algorithm. In this
particular example, the feature vectors and the basis functions are one-dimensional
and represent curvature at points along a line in the image data. Fig. 5b illustrates a
weight space determined for basis functions BF1 and BF2 in FIG. 5a. The weight
space is thus defined by a weight W1 for BF1, and a weight W2 for BF2. Each point in
Fig. 5b is calculated for a deviation of an individual container as detected in image
data. Fig. 5b also indicates grading regions in the weight space, where the different
grading regions are assigned a respective grading l-V, where the magnitude of the
deviation decreases from Il to V. The grading has been determined by ocular
inspection and manual grading of the deviation of the containers corresponding to the
points in Fig. 5b. In this particular example, it is possible to assign a grading to the
respective container based on the weights W1, W2. In Fig. 5b, the cross 403’ illustrates
the result of a mapping by step 34 of a current deviation to the weight space, where the
current deviation has been detected by step 32 and has been assigned current values
of the weights W1, W2 by step 33. In this example, step 35 may assign grading IV to
the current deviation.

It should be realized that the use of basis functions gives great freedom in
adapting the method 30 to grade deviations of different deviation types. For each
deviation type, different definitions of the feature vector may be tested, e.g. by
computing a respective scatter plot of the type shown in Fig. 5b, to achieve a desired
accuracy and specificity in the grading.

Reverting to Fig. 3, the method 30 may further comprise a step 36 of providing
feedback to an operator and/or a control system in the manufacturing plant. In one
example, step 36 signals that the current container 401 or starting material 401" should
be discarded. In another example, step 36 generates an alert notification indicative of a
production error, and optionally causes one or more machines to be stopped. The alert
notification may depend on and/or be indicative of the current grading and/or the
deviation type.

In a further example, step 36 causes or facilitates a reconfiguration of one or
more machines in the manufacturing plant. In one such embodiment, step 36
comprises a sub-step of determining a time stamp for the current deviation. Optionally
this sub-step may be performed only if the current grading exceeds a grading limit. The
time stamp may be given with reference to a master clock within the manufacturing
plant. Step 36 may further comprise a sub-step of determining, based on the time
stamp, associated production parameters of the manufacturing plant. Accordingly,
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when the current deviation is detected and the associated time stamp is defined, step
36 is configured to obtain production data comprising parameters of the production
process at or before the time stamp. The production data may be obtained from a
control system in the manufacturing plant. The production parameters may comprise
any parameter associated with the chain of the production of the packaging containers
401, such as settings and/or sensor data in one or more machines, and/or properties of
the starting material 401’ or the liquid food to be sealed therein. Step 36 may comprise
a further sub-step of correlating the time stamp, the current grading and the deviation
type with the production parameters. By this correlation, step 36 is capable of
accurately characterizing the origin and circumstances of the formation of the current
deviation. This allows facilitated optimization of the production line and provides a
reliable tool for deviation detection. In one embodiment, step 36 may further
communicate control instructions to a machine in the production plant comprising
modified production parameters according to the current grading and/or the deviation
type.

Another aspect of the present disclosure relates to a method for generating a
set of basis functions associated with a deviation type. An embodiment of the method
60 is depicted in Fig. 6. Step 61 obtains a plurality of reproductions of containers 401,
or a starting material 401 for use in producing the containers 401. The reproductions
comprise deviations of the specific deviation type and may be in the form of image
data, e.g. as indicated by [I] in Fig. 7. The reproductions preferably depict containers
with deviations of different magnitude. Step 62 processes the deviations in the
reproductions by a basis function computation algorithm to compute basis functions,
e.g. the basis functions BF1-BF4 as exemplified in Fig. 5a. Step 63 generates the pre-
defined set of basis functions, [BF], to be used by the detection method 30. For
example, step 63 may involve selecting a subset of the basis functions generated by
step 62, scaling the basis functions, etc. As shown in Fig. 7, the generation method 60
may be performed by a dedicated basis function computing device 70, which is
configured to store the set of basis functions, [BF], in the first database 43. The
computing device 70 may execute the generation method 60 for different deviation
types, and store a respective set of base functions, [BF]i, in association with the
deviation type, TYPEI, in the first database 43.

Fig. 8 is a block diagram of an example structure of the monitoring device 301
of Figs 1 and 4 or the computing device 70 of Fig. 7. In the illustrated example, the
device 301/70 comprises a processing system 80 and a memory 81. The processing
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system 80 may include any commercially available processing device, such as a CPU,
DSP, GPU, microprocessor, ASIC, FPGA, or other electronic programmable logic
device, or any combination thereof. The processing system 80 may be configured to
read executable computer program instructions 81A from the memory 81 and execute
these instructions to control the operation of the device 301/70, e.g. to perform any of
the methods described herein. The program instructions 81A may be provided to the
device 301/70 on a computer-readable medium 85, which may be a tangible (non-
transitory) product (e.g. magnetic medium, optical disk, read-only memory, flash
memory, etc.) or a transitory product, such as a propagating signal. The memory 81
may be, for example, one or more of a buffer, a flash memory, a hard drive, a
removable media, a volatile memory, a non-volatile memory, a random access memory
(RAM), or other suitable device. As indicated in Fib. 8, the memory 81 may also store
data 81B for use by the processing system 80, e.g. the first and second databases 43,
44. The device 301/70 further comprises one or more communication interfaces 82 for
operatively connecting the device 30/701 to an external device by wire or wirelessly,
e.g. to access the first database 43 and/or the second database 44, to receive the
image data from the imaging device(s) 302, to provide the alert notification and/or

control instructions, etc.
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CLAIMS

1. A method of detecting deviations in packaging containers (401) for liquid food
in a manufacturing plant, said method comprising:

obtaining (31) image data (Ic) of a packaging container (401), or a starting
material (401") for use in producing the packaging container (401);

analyzing (32) the image data (Ic) for detection of a current deviation;

processing (33) the current deviation in relation to a set of basis functions
([BF]), which is associated with a deviation type of the current deviation, to obtain a
current set of weights ([W]c) that represent the current deviation; and

determining (35) a current grading (Gc) of the current deviation based on the
current set of weights ([W]c).

2. The method of claim 1, further comprising: mapping (34) the current set of
weights ([W]c) to a grading database (44) that relates combinations of weights to
gradings for the deviation type of the current deviation, wherein the current grading
(Gc) of the current deviation is determined based on said mapping.

3. The method of claim 1 or 2, wherein said processing further comprises :

processing the current deviation for determination of the deviation type.

4. The method of any preceding claim, further comprising: obtaining the set of
basis functions ([BF]) from a basis function database (43) as a function of the deviation

type.

5. The method of any preceding claim, further comprising: defining a current
feature vector representing the current deviation; and computing the current set of
weights ([W]c) as a function of the current feature vector and the set of basis functions
([BF)I.

6. The method of claim 5, wherein said computing the current set of weights
([W]c) comprises: determining projections of the current feature vector onto the set of
basis functions ([BF]); and determining the current set of weights ([W]c) based on
scalar values of the projections.
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7. The method of any preceding claim, wherein the basis functions are linearly
independent and/or mutually orthogonal.

8. The method of any preceding claim, wherein the basis functions correspond
to principal components given by Principal Component Analysis, PCA.

9. The method of any preceding claim, further comprising: determining a time
stamp for the current deviation; determining, based on the time stamp, associated
production parameters of the manufacturing plant, and correlating the time stamp, the
current grading (Gc) and the deviation type with the production parameters.

10. The method of claim 9, further comprising: communicating control
instructions to a machine (400) in the manufacturing plant comprising modified
production parameters according to the current grading (Gc) and/or the deviation type.

11. The method of any preceding claim, further comprising: causing an alert
notification as a function of the current grading (Gc).

12. The method of any preceding claim, wherein the deviation type comprises
any of: wrinkles in a material of the packaging containers (401) or in the starting
material (401"), unsealed flaps of the packaging containers (401), torn or cloudy holes
in the packaging containers (401) or the starting material (401"}, dents or bumps in the
packaging containers (401), delamination of the packaging containers (401) or in the
starting material (401"}, and flawed patterning and/or coloring and/or holographic or
metalized film of a surface of the packaging containers (401) or the starting material
(401").

13. A method for generating a set of basis functions ([BF]) associated with a
deviation type for use in the method of any one of claims 1-12, said method
comprising:

obtaining (61) reproductions ([I]) of packaging containers (401), or a starting
material (401") for use in producing the packaging containers (401), said reproductions
([17) comprising deviations of said deviation type;

processing (62) the deviations by a basis function computation algorithm (70) to

obtain one or more basis functions; and
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generating (63) the set of basis functions ([BF]) based on the one or more basis

functions.

14. A computer readable medium comprising computer instructions which,
5  when executed by a processor (80), causes the processor (80) to perform the method
according to any one of claims 1-13.

15. A system for detecting deviations in packaging containers (401) for liquid
food produced in a manufacturing plant, said system comprising a processor (80)
10  configured to perform the method according to any one of claims 1-13.



WO 2020/254259 PCT/EP2020/066515

1/4

301

4 302

!
|
!
!
!
i
|
I
I
|
|
|
!
!
A 4

T

401

403

Fig. 2



WO 2020/254259 PCT/EP2020/066515

2/4

| DETECTION  }™~30

OBTAIN IMAGE DATA OF CONTAINER OR
STARTING MATERIAL

31

ANALYZE IMAGE DATA FOR DETECTION (~ 35
OF DEVIATION

¥

COMPUTE WEIGHT(S) BY APPLYING |
SELECTED BASIS FUNCTION(S) ON 33
DEVIATION DATA

MAP WEIGHT(S) TO GRADING

DATABASE (34

DETERMINE GRADING FOR DEVIATION [~ 35

A 4

DISCARD/ALERT/RECONFIGURE —~ 36

Fig. 3
S !
1
302 | 302
! 401
\_
AN 401" AN \ / IC
oo g S 401 403
|-

43

301 ! TYPE; : [BF]; !
TYPEch[BF]C Wit |Ge

! Y 1

|40 4 Wle |42 G |
e i»| DEVIATION |——| WEIGHT |[—|GRADER !
, | DETECTOR GENERATOR i




PCT/EP2020/066515

WO 2020/254259

3/4

BF2

BF1

}[BF]

]
.M
!
5
§
m-«
o,
———
—
it I

BF4

e
i
{
¢

BF3

Fig. ba

403’

08

0.6

0.4

0.2

W2

0.2

-0.4

-0.6

-0.8

0.8

0.6

0.4

0.2

-2

0.4

-6

J0.8

Fig. 5b



WO 2020/254259 PCT/EP2020/066515

4/4

| BF GENERATION }™ 60

A 4

OBTAIN REPRODUCTIONS OF
CONTAINERS OR STARTING MATERIAL
WITH DEVIATIONS OF KNOWN TYPE

61

A 4

INPUT DEVIATION DATA TO BASIS I~ 62
FUNCTION COMPUTATION ALGORITHM

Y
GENERATE BASIS FUNCTION(S) FOR  ~563
DEVIATION TYPE

Fig. 6

= 70
[ BF [BF] —
>—> COMPUTING | — |TYPEi : [BF]i

DEVICE

x
>

A

301/70 —

*
w

Fig. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/066515

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6T7/00 GO6K9/62
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

GO6T GO6K GOIN

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, COMPENDEX, INSPEC, IBM-TDB, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X LE TAN-TOAN ET AL: "Inspection of 1-7,
specular surfaces using optimized 11-15
M-channel wavelets",
ICASSP, IEEE INTERNATIONAL CONFERENCE ON
ACOUSTICS, SPEECH AND SIGNAL PROCESSING -
PROCEEDINGS 1999 IEEE, IEEE,
26 May 2013 (2013-05-26), pages 2405-2409,
XP032509323,
ISSN: 1520-6149, DOI:
10.1109/1CASSP.2013.6638086
ISBN: 978-0-7803-5041-0
[retrieved on 2013-10-18]
Y the whole document 8
A 9,10
- / -

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 September 2020

Date of mailing of the international search report

21/09/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Turina, Andreas

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2020/066515

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

LUIZ A O MARTINS ET AL: "Automatic
detection of surface defects on rolled
steel using Computer Vision and Artificial
Neural Networks",

TIECON 2010 - 36TH ANNUAL CONFERENCE ON
IEEE INDUSTRIAL ELECTRONICS SOCIETY, IEEE,
PISCATAWAY, NJ, USA,

7 November 2010 (2010-11-07), pages
1081-1086, XP031840573,

DOI: 10.1109/IECON.2010.5675519

ISBN: 978-1-4244-5225-5

abstract

page 1083, column 1, Tast paragraph

page 1084, column 1, section B

8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

