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METHOD AND DEVICE FOR COUNTING OBJECTS IN IMAGE DATAIN
FRAMES, A FRAME OF SAID IMAGE DATA IN FRAMES INCLUDING AT
LEAST ONE OBJECT, SUCH AS CANS, BOTTLES, AND PACKAGING,
COMPUTER PROGRAM AND COMPUTER PROGRAM PRODUCT

Technical field

The present invention relates to the counting of objects, such as (but not
limited to) cans, bottles and packaging, in image data in frames. Spécifically, the
present invention involves corresponding methods, devices for counting objects,
computer programs and computer program products. Embodiments of the present
invention employ image processing of digital image data of images taken of one or
more objects for counting the objects as they pass by a given location.

Fundamentals

Modern manufacturing techniques of the beverage production process are
generally based on one or more packaging or production lines, along which the
products are moved by means of conveyor belts. The stages of packaging or
production/manufacturing in turn generally require some type of positional
information on the product or item undergoing the particular action. Starting from
conventional techniques, there are countless known devices and methods for
determining a position of a product on the line, the presence or absence of a
product, and for counting the number of objects passing by a given point along the
line, etc. Common stages of production include working on the product for
application or modification of components of the product, and common packaging
stages include packing a product, applying product labels or applying identification
marks, such as clear text identifiers or single and two-dimensional barcodes.

The majority of modern packaging or productibn lines are optimized for high
performance speed and efficiency of product. For the first, needless to say, the
line speed, that is, the speed at which the products move along the line or with the
conveyor belt, and the product density, that is, the spatial and temporal distance
between the appearance of two consecutive products at a giveh position, are
certainly important issues in the field of manufacturing and packaging. Therefore, it
must be considered that the products pass quickly through the stages of
production/packaging, that the product density is high, and more than one product
passes at the same time.

One illustrative example of the process of monitoring beverage production
includes a bottle filling line which loads the bottles for the stages of filling, sealing
and labelling at a high speed. The individual bottles are transported densely, such
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that there is virtually no distance between them. Examples of an even higher
product density, i.e. more than one product passing at the same time, include the
transport of raw or packed products that can pile up, be pushed against each
other, or overlap.

In the case of particular product formats, such as the above bottles with a
customary neck, conventional techniques exist for counting objects as they pass.
In Fig. 1A and 1B, the bottles 9 are moving along a conveyor beit 20. A laser beam
30 is positioned at the height of a neck 90 of the bottles 9. Each time a bottle 9
- passes, the laser 30 from a source 31 is interrupted (Fig. 1B), such that this event
can be detected by a sensor 32. However, this system has the disadvantagé that
when the objects are arranged very close together, or when they do not have an
adequate format, there will not be an interruption of the laser representing a
reliable counting of the objects. v

One known technique used to check the production of beverages which
seeks to revolve such problems is edge detection, as shown schematically in Fig.
1C. According to this technique, the system reads a feedback signal from the laser
30 and seeks to detect edges 90’ between two adjacent products/packages 9'. A
counter is modified (usually the count increases) each time the edge 90 is
detected. However, in many circumstances this technique cannot be applied, for
example, when objects do not have distinguishable edges or when the items or
packages are transparent.

Also known is image-based grouping of individual products passing through
a laser trianguiation visiometric system in lots for counting. Here, images acquired
by camera are considered, showing the products and a laser pattern, in order to
obtain information on the location of a product. The information obtained is then
used to distinguish between the presence'of 1 (one) product, the presence of
contamination material, or the presence of various products partly or completely
overlapping. However, a laser is required to project a well-defined pattern on the
scene. Lasers suffer from various disadvantages, however: they can present a
danger to nearby workers, especially to the human eye. Furthermore, laser
radiation can have disadvantageous effects on the products or might be
- incompatible with them, such as when the products are transparent, meaning that
the pattern is not formed properly. ,

Although the conventional techniques consider image processing without
the use of a laser-induced pattern, these techniques are principally aimed at
obtaining a three-dimensional reconstruction of each object, in order to provide
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information on a position of an object or even decoded information from product
label and markings. Taking into account their considerable requirements in regard
to processing and computing resources, it is clear that these techniques are not
adequate for counting objects at high speed. Such restrictions would result in the
need to reduce the achievable speed of the conveyor belt or the number of items -
allowed per unit of time, but this would be unacceptable in the majority of cases.

Therefore, there is a need for an image-based method of counting objects,
such as cans, bottles and packaging, which does not require a particular format of
the object or specific surface properties of same, and which is also suitable for
high-speed counting of obje'cts, inasmuch as it is sufficiently fast not to interfere
with the manufacturing and packaging lines. Furthermore, the method should work
with objects which are arranged very close and which may even be piled up or
moving outside of a target position. Specifically, improvements should be made in
an image-based method for counting objects used for monitoring the high-speed
beveragé production proces's.

Summary .

The aforementioned problems are solved by the subject matter of the
independent claims of the present invention. Preferred embodiments are
described in the dependent claims. . |

According to one embodiment of the present invention, a method is
provided for counting objects in image data in frames, a frame of said image data
in frames including an image of at least one object, the method including the steps
of identification of a most pronounced characteristic for each object in a frame of
said image data in frames, tracking of a position of the characteristic in the image
data in frames by identifying the characteristic in at least one additional frame, and
modification of a count by determining the position is outside a border. The
method is especially applied to the process for monitoring beverage production.

According to another embodiment of the present invention, a device is
provided for counting objects in image data in frames, a frame of said image data
in frames including an image of at least one object, the device including
processing resources configured to identify a most pronounced characteristic for
each object in a frame of said image data in frames, track of a position of the
characteristic in the image data in frames by identifying the characteristic in at
least one additional frame, and to modify a count by determining the position is
outside a border. The device is especially applied to the process for monitoring
beverage production.
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According to additional embodiments of the present invention, there are
provided a computer program which includes code that, when executed in a
processing resource, implements an embodiment of the method of the present
invention, and a correspohding computer program product. The computer program
is especially applied to the process for monitoring beverage production.

Brief description of the figures

The embodiments of the present invention, which are presented for better
comprehension of the concepts of the invention, but are not intended to limit the
invention, shall now be described with reference to the figures; in which:

Figures 1A to 1C depict conventional counting techniques‘using laser or
light beams and based on properties of the particular objects (such as cans,
bottles and packaging); ‘

Figure 2 shows a schematic representation of a system for counting objects
(such as cans, bottles and packa'ging) according to one embodiment of the
present invention;

Figures 3A and 3B show a schematic representation of different frames
obtained from a given display field according to one embodiment of the present
invention;

Figure 4 shows a schematic diagram of the position versus time for a given
set of objects (such as cans, bottles and packaging) according‘to one embodiment
of the present invention;

Figure 5 shows a flow chart of one embodiment of the method of the
present invention; and |

Figure 6 shows a schematic representation of a device for counting objects -
(such as cans, bottles and packaging) according to an additional embodiment of
the present invention.

Detailed description

Figure 2 shows a schematic representation of a system for counting objects
such as cans, bottles and packaging according to one embodiment of the present
invention. This system considers a set of objects 10 being transported by a belt 20
as being a usual part of, for example, a manufacturing or packaging line.
According to embodiments of the present invention, the objects 10 can be
transported in a dense manner such that one is adjacent to another. Each object
10 contains a characteristic 11 which can be, for example, a part of the product
itself or a design characteristic of a product package. In general, the characteristic
11 should produce certain distinguishable pixel groups in the image data that is
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acquired from the objects 10. It should be understood that, in the context of the
present disclosure, the terms object, items and product denote the same entity,
namely, the object which is being counted, that is, the point of interest is
determining how many objects have passed by a given point.

In general, the objects can themselves be moving (as in the case of a
conveyor belt), or the display field is moving, in the sense that means for acquiring
said image data in frames are “scanned” along the abjects. An example of this
latter case is that the system 100 (or device 100’ as described below in
conjunction with Figure 6) is operated so as to scan an arrangement of objects.
The availability of this option is an additional advantageous characteristic of the
embodiments of the present invention.

A system for counting 100 in line with the present embodiment comprises
means for image acquisition, such as a camera 101. The camera 101 is directed
at a scene comprising at least one object 10 which is to be counted. For this
purpose, a display field 110 of the camera 101 can be directed at a group of
objects 10 on the conveyor belt 20. The system 100 likewise comprises
processing resources 102, such as a processing unit (CPU), memory resources
103, such as a memory and/or data storage, and communication resources 104,
such as a communication/interface unit, so that it can communicate and exchange
information with other entities or a network.

In general, the processing resources 102 are configured, for example, via
the execution of corresponding code, stored in the memory resources 103, to
acquire a frame of image data from the camera 101. Said frame 111 of the image
data includes an image of the object 10. The processing resources 102 are also
configured to identify a characteristic 11 of the object 10 in the frame, and to track
a position of the characteristic 11 in the image data by identifying the characteristic
11 in an additional frame.

In general, “image data in frames” should be understood as being data
containing information in at least one image, such an image can then be identified
as a frame. Thus, an image is delimited by the borders of the frame, such that the
image data in frames contains pixel values for at least one two-dimensional set of
pixels of a frame. This set is then within a border of the frame. Thus, the image
data in frames can show a picture or image of one or more objects. Preferably, a
frame has sufficient information to identify the item.

The image data in frames can also contain a set of images of a single
picture in the form of a plurality of frames. A video stream can be one example, in
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which a data stream transports one frame after another at a certain constant frame
rate, or even a variable rate, that is, a figure which determines how many frames
are transported in a given unit of time. When the image data in frames refers to a
plurality of images in frames, the plurality of images in frames is acquired at
different times, meaning that it is possible to extract from the image data in frames
information about the evolution over time of the object or the set of objects
delimited and depicted in the frame. Thus, the image data in frames might be
understood as a sequence of images. Moreover, an image of an object does not
necessarily mean that one or more whole objects are depicted, meaning that an
image can also show only part of one or more objects. Preferably, the
characteristic is within this part.

Each image in frames and thus the image data in frames can, for example,
be obtained by means of a camera, a video camera, a device equipped with a
CCD or a film or other image detectors. The image can be provided via a light-
collecting device, without being limited to visible light, but including for example
infrared light, ultraviolet light, or others.

The processing resources 102 are then configured to modify a count by a
determination that the position is outside a border, that is, the count is modified
when the characteristic being tracked can no longer be identified in a frame of the
image data, since it is outside a frame border or outside some border defined by
some position in the frame. This may occur when the corresponding object bearing
the characteristic has moved outside the display field in the sense that the
characteristic or the object has “disappeared”. Other embodiments of the present
invention also consider the modification of the count by means of the position
passing through a particular position in which this position defin'es the border. This
can be defined by a point or line within the frame or also the point at which the
characteristic disappears, that is, it can no longer be identified or its position being
tracked in the image data. In this way, a device for counting objects in image data
in frames can be implemented. The border can coincide with the frame border,
" and then the position being outside this border means that the characteristic
and/or object have disappeared from the image data in frames.

In general terms, the characteristic 11 is common to each object, in the
sense that each object being counted has the characteristic 11. Examples of the
characteristic 11 include a label, a logo, a design characteristic of a product
package, a part of the object, a part of the package, a colour or specific format of
the package or the object, or the like. Preferably, the characteristic 11 is unique in
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the sense that it appears only once in each object. The characteristic 11 is
common to the objects 10 in that it can be identified for each object 10 with some
degree of reliability.

In this way, the embodiments of the present invention allow the counting of
objects by means of a non-invasive image-based system 100. Specifically, the
camera 101 is able to acquire a sequence of frames (images, pictures) of a portion
of the production line or conveyor belt, without affecting the integrity of the objects
or imposing any dangers or risks on nearby workers. What is more, the
embodiments of the present invention allow the system 100 to be installed at an
existing line, with virtually no interference in the surroundings. Specifically, parts of
the existing line do not need to be modified or even touched, since the system 100
is completely independent. No sensor or laser source needs to be installed at
specific positions of the line. The system 100 can simply be used in one location,
from which the camera 101 is able to observe at least one object 10 in its display
field 110. _ .

Figures 3A and 3B show a schematic display of various frames obtained
from a given display field according to one embodiment of the present invention.
Specifically, a number of objects 10 is shown as being counted, such as appear
for example on the conveyor belt ofa production, manufacturing or packaging line.
The display field of the camera used maps a frame 111. In this embodiment, the
one characteristic 10’ has been identified by its appearance in this frame or a
previous frame. From this point on, the position of the characteristic 10’ is tracked,
so that, as shown in Figure 3B, the specific characteristic 10’ can even be
identified in a subsequent frame 112. In other words, a characteristic has entered
the display field from the left and this characteristic is in the process of gradually
leaving the display field at the right.

Figure 4 shows a schematic diagram of position versus time for a given set
of objects, such as cans, bottles, and packaging. This is to illustrate the
embodiment of the present invention in which each of the image data frames
includes an image of a set of objects, and in which the pbsitions of each
characteristic of each object in the image data are considered as being tracked by
identifying each characteristic in at least one additional frame. Specifically, this
embodiment considers some type of position figure, such as a lateral position with
reference to the frame, for each object identified. These position figures can be
tracked in regard to the individual frames identified by, for example, a frame
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number 401. The sample figure in the position can generally be defined in arbltrary
fashion and is represented here on the axis 402.

With the passing of time, an object first identified is represented by crosses
411 to 413. It initially appears in the frame with a correspondingly low position
value at point 411 and moves along the position 402 in subsequent frames to 412
and 413. In similar fashion, an additional object is identified from frame No. 3
onward as the circle 421. In a way that is simultaneous with and independent of
the first object, the position of the additional object is also tracked with circles 422
and 423. The same holds when an additional object is identified such as frame No.
4 (see square 431) and even if an additional object has been identified as frame
No. 5 (see triangle 441). ‘ '

Given the above, it is clear that the respective embodiments consider
simultaneous tracking of a set of objects. In this way, a‘high counting reliability can
be obtained even at high speeds of the objects as they are moving. This
embodiment also allows for a further increase in the counting reliability, for
example, by considering and tracking a distance between two subsequent objects,
since this distance, within certain given and applicable limits, can map a specific
property of the object. For example, said distance can be taken as a constant, in
that identical objects are being transported in close succession. The checking of
this distance can produce a figure indicating the reliability in regard to the counting
or it can even compensate for cases in which a characteristic of an object cannot
be identified. In this latter case, the distance can be interpreted as an additional
object, inasmuch as it is assumed thét the objects always follow each other, or
conversely the distance can be interpreted as a missing object.

The counting of product items (objects) can be incorporéted in the tracking
of various objects. The number of product items corresponds to the number of
tracks created or terminated. A track is defined as a set of characteristics (for
example, position of the object) extracted over the course of time and associated
with the object itself. A track can be created when a product item enters the
display field of the camera (frame). When the product item leaves the display field
of the camera or a border, its corresponding track is then terminated, and a
corresponding count can be modified.

In general, the process of identifying a characteristic
characterizing/identifying an object can be based on an algorithm for the extraction
of a characteristic point. There are many such algorithms, such as the Harris
detector. A Harris detector can be conveniently applied to the present invention for
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the extraction of the characteristic point for tracking the objects in the display field
of the camera. The use of a Harris detector should not be taken as being a
limitation, inasmuch as many other algorithms can also be applied to the present
invention. A Harris detector detects the characteristic points corresponding to the
edges in the images. Since the algorithm for extraction of the characteristic point
can technically precisely identify a plurality of points in an analyzed image frame,
the term “characteristic’ can therefore be understood as equivalent to “a set of
characteristic points”. Therefore, a set of characteristic points can constitute a
characteristic.

Specifically, a Harris detector can employ the following sample matrix L

[h2 Ny
1=| l;
Uil 1,2 )
derived from two-dimensional image data i, where iy is the derivative of i in the x
direction, iy is the derivative of i in the y direction, and va and Iy in | are the
corresponding smoothed-out versions of iy and iy (for example, by applying a
Gaussian filter). The matrix | captures the structure of the vicinity of an image. A
characteristic point can then be characterized by a matrix | of class 2 (that is, both
- of the proper values are large). Instead of computing the proper values of |, Harris
proposes computing the following operator H:

H = det(l) — o x trace2(l), }
where “det” and “trace” denote the determinant and the trace of a matrix. A sample
value of a which can produce good and sensitive results is approximately 0.04.

To discriminate between the characteristic points which are located in the
product item or object (such as the logo) and the characteristic points which are
part of the background, one can use the grey level or colour values of pixels in the
vicinity of each of the characteristic points. A product item or object can be
represented by a set of subregions centred on characteristic points. The
characteristic points extracted in each frame are compared to these subregions
(that is, models) by using cross correlation as such a measurement.

The processing resources track the position of the characteristic within a
predefined display field (for example, the frame or a subarea of same) by using a
Kalman filter, for example. The processing resources can thus include the stage of
extracting the characteristic and managing tracks (that is, creating a track,
updating a track and terminating a track). In each frame, the characteristics
extracted that belong to the product items (objects) can be selected by the use of
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such a cross correlation measurement. The characteristics selected can then be
associated with their corresponding tracks. The association can be performed, for
example, by comparing the position of the predicted positions of the tracks and the
positions of the selected characteristics. An updating of a track in the current
frame corresponds to the adding of a characteristic to the list of previously
extracted characteristics. All the characteristics of a track are associated with the
same product item in the real world. If a product item enters the display field, then
it cannot be associated with any tracks. A new track is created. If a product item
leaves the display field, then the corrésponding track is terminated. Thus, a count
can be modified (for example, incremented by one) each time a track is terminated
or crosses a predetermined position, which can be located in the display field.

As for the establishing of the most pronounced characteristic, the methods
and devices disclosed can perform this action automatica'lly in that characteristics
of objects are identified and, for example, the most pronounced characteristic
which is singular, that is, the one which appears only once for each object, is
selected as the most pronounced characteristic for subsequent processing. A most
pronounced characteristic can be the one that can be identified with the best
reliability based on size of the characteristic and/or contrast (distinguishing of
corresponding pixel values, or their means, in the image data as compared to pixel
values corresponding to the remaining parts of a frame excluding the
characteristic). A factory worker can also determine, define and establish the most
pronounced characteristic in advance or during the work operation.

Figure 5 shows a flow chart of one embodiment of the method of the
present invention. The embodiments of the method are generally aimed at
counting objects in image data in frames, wherein a frame of image data includes
an image of at least one object. These embodiments include a step 501 of
identification of a most pronounced characteristic for each object in a frame of said
image data, a step 502 of tracking of a position of the characteristic in the image
data by identifying the characteristic in at least one additional frame, and a step
503 of modification of a count by determining the position is outside a border.

Figure 6 shows a schematic representation of a device for counting objects
(such as cahs, bottles and packaging) according to an additional embodiment of
the present invention. Specifically, an embodiment of the described system 100 is
shown as a device for counting an object 100’ in the form of a fixed device able to
take/acquire an image of a scene including one or more objects being counted.
The device 100’ can additionally include an integrated processing unit (not shown)
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to carry out one or more methods from embodiments of the present invention. An
additional fixation element can be provided for mounting the device 100, for
example, in a production process in which a plurality of objects is passing through
the counting device 100'. The device 100’ can additionally include means for
illuminating of the object(s). The device 100’ can obviously take other forms and
can be connected by wire or wirelessly. The device 100’ can also include means
for acquiring said image data in frames which, in turn, can include a camera and
some type of camera optics, as shown in Figure 6.

The present invention is especially applied to the process for monitoring
beverage production at high speed.

Although the embodiments have been described, these only serve to
provide a better comprehension of the invention defined by the independent claims
and should not be seen as limiting.
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CLAIMS

1. Method for counting objects in image data in frames, a frame of said
image data in frames including an image of at least one object, such as cans,
bottles, and packaging, the method being characterized in that it includes the
steps of:

- identification of a most pronounced characteristic for each object in a

frame of said image data in frames; _

- tracking of a position of the characteristic in the image data in frames by

. identifying the characteristic in at least one additional frame; and

- modification of a count by determining the position is outside a border.

2. Method according to Claim 1, characterized in that the position is
determined to be outside said border when said characteristic can no longer be
identified in the image data in frames. |

3. Method according to Claim 1, characterized in that said border is
defined by at least one predetermined position in the frame.

4, Method according to Claim 1, characterized in that said border
coincides with a border of the frame.

5. Method according to any one of Claims 1 to 4, characterized in that
each of the frames of said image data in frames includes an image of a set of
objects, and in that the method includes the tracking of positions of each
characteristic of each object in the image data in frames by identifying each
characteristic in at least one additional frame.

6. Method according to Claim 5, characterized in that the method
additionally includes the generation of a line of execution of image processing for
each characteristic by which a position is being tracked.

7. Method according to Claim 6, characterized in that a line of
execution is generated by the appearance of the object in the image data in
frames.

8. Method according to any one of Claims 1 to 7, characterized in that

the method additionally includes the determination of the most pronounced
characteristic for each object.

9. Method according to Claim 8, characterized in that the
determination of the characteristic includes the determination of a singularity of the
characteristic for an object.
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10.  Method according to any one of Claims 1 to 9, characterized in that
the identification of the characteristic includes the installation of a characteristic
identifier.

11.  Method according to Claim 10, characterized in that the tracking of
the position of the characteristic includes associating one characteristic point with
said characteristic identifier.

12. Method according to Claims 1 to 11, characterized in that it is used
preferably for the process for monitoring beverage production.

13.  Device for counting objects in image data in frames, a frame of said
image data in frames including an image of at least one object, the device being
characterized in that it includes processing resources configured to:

- identify a most pronounced characteristic for each object in a frame of

said image data in frames;

- track a position of the characteristic in the image data in frames by

identifying the characteristic in at least one additional frame; and 4

- maodify a count by determining the position is outside a border.

14.  Device according to Claim 13, characterized in that the device
additionally comprises means for acquiring said image data in frames.

15. Device according to Claim 13 or 14, characterized in that said
processing resources are configured to implement a method according to any one
of Claims 2 to 11.

16. Computer program, characterized in that it includes code, said code
when executed in a processing resource implementing a method according to any
one of Claims 1 to 11.

17. Computer program product, characterized in that it comprises a
tangible data medium storing in a non-volatile manner the computer program of
Claim 16.
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