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DETECTION OF PRESENCE OF A BAR CODE IN IMAGE DATA

Technical Field

The present invention relates to detecting a bar code in image
data. Specifically, the present invention relates to a method
of detecting a bar code in image data, a method of building a
ecision tree used for detecting a bar code in image data, and
a method of deceding a bar code in image data. The present
invention also relates to an apparatus configured to detect
anﬁfgr decode a bar code, an apparatus configured to build a
decision tree, and to corresponding computer programs and

computer program products.

Background

Nowadavs, one-dimensicnal and two~dimengional bar codss are
ubiguitous in the form of so-called “tags”. Specifically, such
bar codes can be found on consumer products, electronic and
non-electronic devices, machines, vehicles, and also on
documents, such as tickets, papers, currency bills etc. Besides
the one-dimensional bar code also the two-dimensional bar code
has gained in significance during recent years. Whereas the
one-dimensional bar code is classically limited to encoding
information only in one linear dimension, the two-dimensional
bar code, comprising at least first and second type elements
arranged in an ordered grid, allows for substantially

: 1

increasging amount of data amount that can be encoded.

Figures 12 and 1B show schematic views of conventional bar
codes. In figure 1A a common one-dimensional bar code is shown
that comprises an arrangement of, for example, black lines 1’
and white lines 27. Informaticn is encoded in a one-dimensional
bar code by concatenating pre-defined groups of black and white

lines 1', 2’ of varving thickness. These groups are usually
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associated to a specific character or meaning by some kind of
industry standard. Fig. 1B shows a common two~-dimensional bar
code that encodes information by means of arranging, in general
terms, first type elements 1” and second type elements 27, such
as rectangles, dots, triangles and the like, along two
dimensions. In both cases of one-dimensional and two-
dimensional bar codes, at least two distinguishable types of
elements/lines are used. For example, a white-printed square as
a first type element may represent the information 0, whereas a
black-printed square as a second type element represents the

information 1.

o

The decoding of a bar code usually begins with taking
photographic image of the bar code affixed on a given item,
such as a consumer product or document. This image is then
obtained as digital image data defining respective pixel values
for the pixels of the image. This digital image data is then
subject to image processing by means of a processing unit
(e.g., CPU, computer, server, embedded system, ASIC, etc. ).
guch processing may be divided into various individual steps
for eventually decoding the data that ig encoded in the one- or

rwo-dimensional bar code.

Various factors determine the quality of the digital input
image data - or in short just “image data” - and these factors
have naturally also a more or less pronounced impact on the
image processing, and, in turn, ultimately to the decoding
efficiency and decoding reliability. To begin with, the image
of the bar code is usually taken with an arbitrary perspective,
meaning that the precise distance, angle, and general
orientation of the imaging device (e.g. a CCD camera) relative
to the bar code is unknown. Further external factors include
illumination conditions, contaminations on the acqguisition

optics, speed of the bar code carrying item, etc.

Congidering consumer goods, such as beverage cang/bottles,

roduct packages, product containers and housings, and the
P 2
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like, it is clear that the bar code is usually printed or
affixed onto the item at a considerable speed in a production
line or packaging line, For example, beverage bottles are
filled and sealed at rates that exceed hundreds of bottles per
minute. Usually, a crown cap can be embossed onto the bottle

mouth for sealing the bottle.

In the following, a bar code can be printed/affixed to the cap
for identifying, authenticating or tracing the bottle. As an
example, the bar code can carry information that allows a
determination of whether the beverage bottle is authentic,
genuine or legitimate in the sense of its origin, content,
selling point, tax deduction, etc. As a further examplg,va
consumer or a government officer can read the bhar code on an
item for verifying that the product is authentic, or that the
product fulfills the regulations required for that the product
can be legally distributed at a given location. In this way,
consumers can avoid counterfeit or adulterated beverages, and
authorities can verify whether the required tax was paid fox

the respective product in circulation.

In general, it is to be noted that a bar code is not
necessarily printed by using, for example, a black dye on a
metal cap. Rather, the bar code can be well implemented also by
means of color dyes or inks, thermo printing, milling,
embossing, grinding, laser etching, acid etching, etc. In
general, any type of implementation is poseible as long as the
elements of the bar code (i.e. the lines, dots, rectangles,
etc.) can be distinguished into their respective type in the

obtained imags data.

Both the varietyv of printing methods and the above aspects
during production/packaging show that also the qguality of the
bar code ag such can vary. Following the example of the
beverage bottles, various scenarios can be contemplated as
shown in conjunction with Figures 2A to 2F, depicting schematic

top views of bottle caps 20. In this way, a bar code 10 can be
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printed in a desired fashion (bar code 10 and logo 21 in Fig.

2

24), printed only in part (bar code 10 in Fig.s 2B and 2C), at

low contrast (bar code 107 in Fig. 2D}, overlapping graphical

Hho R
Y

tures of the product (bar code 10 and logo 21 in Fig. 2E),

g f}

or the bar code can alsc be completely missing (Fig. 2

[
However, the {(sufficient) presence of a bar code on an item may
determine its further fate, in the sense that only items with a
bar code are authorized for distribution, whereas items with no
bar code are rejected as waste. Following the example of
beverage bottles, official regulations may reguire that only
bottles with bar code (identification) are authorized for
digtribution. It would be thus illegal to feed bottles without
a bar code into the distribution chain. Given the above-
outlined uncertainties in printing/affixing a bar code to an
item, it is practice to verify the presence of a bar code on an
item before the item can procesd in the distribution chain: For
example, a bottle with a bar code 1s allowed to leave the
factory and to be distributed, whereas a bottle without a bar

code is either destroved or re-fed into the production line.

As already mentioned, consumer products are manufactured,
packed etc. at considerable speed. Therefore, alsc the
verification process of determining whether an individual
product was provided with a bar code may need to meet the speed
requirements set by the production/packing line. In other
words, the processes associated with the verification of a
product bar code should interfere with the processes of
production and/or packaging to a least possible extend. With
the high speed of production/packagi

Lﬁ}

ging as such, also the speed
of the image processing for detecting a presence of a bar code

needs to be high enough.

Although conventional image processing techniques for decoding
bar codes in image data may be adapted for fast result output,
these techniques then suffer from a lowered reliability. In a

way, these technigues may provide determination results at a
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high speed but these results contain too many false positive
hits and/or false negative hits. Depending on the definition, =
false positive hit occurs when image data is found to comprise
a bar code whilst this ig actually not the case, i.e. the
imaged bottle cap does not have a bar code. Similarly, a false
negative hit occurs when the bottle cap is found not to have a
bar code although it has one. Both these cases can cause
significant problems in that a high number of false positives
cause an increased number of items to appear in the field that
cannot be authenticated/traced (no bar code), and in that a
high number of £false negativea regults in an increased waste

and/or rework at the point of production/packaging.

There are several known methods to locate barcodes. One of
these methods is the localization part of the reference decode
algorithm for data matrix [IB80/IEC 16022:2006, Information
technology - Automatic identification and data capture
technigues - Data Matrix bar code symbology specification).
This algorithm uses the finder pattern (i.e. two solid adjacent
borders in an L ahape§ to locate the data matrix. However Lhe
performance of this reference algorithm can be low in case of

low guality image data.

There is therefore a need for improvements in detecting a bar
code in image data. Specifically, it is desgirable to have image
processing at hand that is both fast and reliable. In other
words, the invelved methods, apparatuses, computer programsg and
related products should allow for speed compatibility with the
production/packaging eguipment, a satisfactory share of
authenticable and btraceable items in the £ield, and an
acceptably low cost involved with waste and/or re-working.
Preferably, the solution ieg fast enough in order not to
decrease the performances of the accompanying decoding in terms
of decoding time, and the solution should also be easy to
implement within the decoding.
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Summary

The above-mentioned cbjects and problems are solved by the
subject matter of the independent claims. Further preferred

embodiments are defined in the dependent claims.

According to one aspect of the present invention, a method of
detecting a bar code in image data is provided, the method
comprising the steps of calculating a plurality of
characteristic figures from the image data; evaluating a

decision tree built for the plurality of characteristic

the decigion tree, wherein the plurali
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figures indicate a probability of whether or not a bar ¢

present in the image data.

According to one aspect of the present invention, a method of
building a decision tree used for identifying a bar code in
image data is provided, the method comprising the steps of:
separating template image data into positive-hit image data
with a bar code being present and negative-hit image data with
a bar code being absent; calculating a plurality of
characteristic figures for the positive-hit image data and the
negative-hit image data; and building the decision tree based
on the calculated characteristic figures for the positive-hit
image data and the calculated characteristic figures for the
negative-hit image data, wherein the plurality of
characteristic figures indicate a probability of whether or not
a bar code is present in the positive-hit image data and the

negative-hit image data.

According to one aspect of the present invention, a method of
decoding a bar code in image data is provided, comprising the
steps of the method of detecting a bar code in image data

v

according to a disclosed embodiment, wherein processing of
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decoding the bar code is aborted upon making a determining of
noe bar code being present in the image data.

nccording to further aspects, a related device, a related
computer program, and a related computer program product are
provided.

Brief Degcription of the Drawings

mmbodiments of the present invention, which are pregented for
better understanding the inventive concepts and which are not
the same as limiting the invention, will now be described with

reference to the figures in which:

Figures 1A and 1B show schematic views of exemplary

conventional bar codesg;

Figures 2& to 2F show schematic views of various scenarios of
a bar code being printed on an exemplary

item;

Figure 3 shows a schematic view of a system
architecture according to an embodiment of

the present invention;

Figures 4A and 4B show flow charts of method embodiments of

the present invention;

Figures BA to 5C show schematic views of a decision tree
during building according to an embodiment

of the present invention;

Figures 6A and 6B show flow charts of further method

embodiments of the present invention;
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Figures 7A to TC show schematic views of exemplary data

graphs;

Figures 84 and 8B show schematic views of further scenarios of
a bar code being printed on an exemplary
item;
and

Figures 24 to 9C show schematic views of apparatus and device

embodiments of the present invention.

Detailed Description

Generally, image processing for decoding a bar code includes
various sub-processes. Such image processing usually starts
from a raw image {image data) of the bar code, possibly
attached to an item or document. The image is obtained as saild
image data from the bar code by means of, for example,
conventional digital cameras, videc cameras, CCD cameras,

scanners, and the like.

A p@sgible image processing is explained for the example of the

o-dimensional bar code shown in Figure 1B. There are already
various standards available that define the details and the de-
‘and encoding of two-dimensional bar codes (e.g. IS0 IEC 16022
standard). One example is one according to the G5l {(Trademark)
DataMatrix ECC 200 standard (GS1 being an international
association providing standards for two-dimensional barcodes)
This two-dimensional bar code comprises two main areas, namely
the so-called “finder pattern” and the data, which car ries the
actual payload data of the bar code and comprises first and
second type elements 17 and 2”. The finder pattern are the
elements framing the bar code, and is, in turn, divided into
the so-called “L finder pattern” and the so-called “clock

track”. In the example of Fig. 1B, the clock track are the
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(L)

upper most and right most elements of alternating type and the
I, finder pattern consiste of the elements at respective

opposite locaticons (bottom and left).

The input data is firstly subject to a thresholding operation
for the purpose of binarization of the input image comprising
only first and second type pixels {(e.g. black and white). The
purpose of thresholding is to provide some means to distinguish
in digital image data objects of possible interest from
background. Optionally, data is the rescaled for downscaling

the image by a given factor. This may substantially speed up

bt

.
TR

rt

the approximate localization of the bar code in the digi
frt

[t

image data, since, as long as no ilmportant features ar ost, a
reduction of the data may substantially contribute to

accelerate any following sub-process.

Subsequently, the image data is subject to dilatation and hole
£illing, during which adjacent pixels of a glven value are
merged and filled until a number of blocks in the image is
constant. At this stage, the image data may, nevertheless,
comprige more than one form that can be interpreted as a
potential candidate of the two-dimensional bar code. This may
involve searching and enumerating of all forms in the image and
erasing all the forms with a low area so that small objects and
noise are removed. It may then be considered to keep the
biggest form which is then supposed to be the best candidate
for the two-dimensional bar code within the image data. Then,
erosgion ig carried out in order to retrieve the original
contours of the image. For this purpose it can be considered to
apply the same number of the ercsion steps as the number of

steps that have been applied using the preceding dilatation.

In said eroded image data the borders of the two-dimensional
bar code (candidate) are highlighted. This may involve the
application of a filter on the image data that detects pixel
intensity variation. In general, a conventional edge detection

algorithm may be employed. Then, so-called border equations are
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calculated by, for example, detecting parametric cbjects
(lines, circles, etc., using the so-called Hough transformj.
Subsequently, the corners can be extracted. Optionally, since
the Hough lines intersections are only approximation corners of
the two-dimensional bar code, better and more accurate
coordinates may have to be computed by, for example, a line-by-

line or column-by-column scan in a small region around the

]w:

approximate corners until a black pixel is reached.

The process can now identify the parameters of the two-
dimensional bar code. This may specifically apply to the
identification of the L finder pattern and the clock track.
This may involve the counting of the number of black pixels
along each segment so as to cobtain a so-called score value. The
scanned segment that has obtained the highest score value is
identified as the longest segment of the L finder pattern, the
scanned segment that has obtained the second highest score
value and that i1s substantially perpendiguiar to the identified
longest segment of the L-shape solid line is identified as
being the second segment of the pattern. The two remaining

segmente form the clock track.

If optional rescaling applied previously, then in a subseqguent
step the two-dimensional bar code and the initial grid location
are recovered. This may involve the scanning of the clock line
porders and counting the number of transitions so as to
determine the gize of the grid. Then sampling and decoding is

P
may not be perfect in terms of sampling quality. The regult is

e
et

~formed taking into account that the initial grid location

then the data being encoded in the bar code. Although the one-
dimensional bar code of Figure 14 differs guite substantially
from the bar code of Figure 1B, the involved image processing
may share at least some of the above-outlined aspects. IC is to
be noted, however, that the one-dimension bar code can also be

decoded by laser scanners.
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Decoding processes, such as the above, can thus read well-
formed bar codes (e.g. a DataMatrix] in the sense of the bar
code appearing in the image data in a fashion that meets some
given quality characteristics such as contrast, size, etc.
However, the involved algorithms may encounter difficultiees on
bad quality image data in which the bar code does not clearly
appear (e.g. situation in Figure 2B to 2E]. As mentioned above,
inaccurate decoding may result in that marked items (items with
a bar code) are ejected from the production line or
inadvertently released to the distribution chain. Therefore,
pesides the above decoding as such, also the mere information
on whether a bar code ig present or absent can be of

importance.

In this way, detecting ths presence/absence of a bar code in

image data may be either performed as part of the decoding or

s3]

1so as a “stand alone” application. In the former case
decoding can be rendered more efficient, since a determining
that no bar code is present can used to abort any further image
proceseging. The latter stand-alone application can be used
independent from printing and/or decoding a bar code. In an
embodiment, the detection of a presence/absence can be employed
to verifying the correct product marking at final stages of
production/packaging before the release of the products. In
this way, it can be ensured that only items with a bar cods
(marked product) are released to the distribution chain,
whereas unmarked products are dismissged or reworked.
Furthermore, a further implementation may foresee to (at least)

attrest the presence of a bar code when it 1s not decodable.
P

hecording to the embodiments of the present invention a
decigion tree is emploved. In general terms, a decision tree is
s sequence of one or more decisions to be evaluated based on
input figures. A graphical representation of a decision tree is
shown with an exemplary configuration in conjunction with
Figures 5C. This decision tree involves three decisions

comparing three input figures P1, P2, and P3 to respective
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reference values., Bach decision either yields a result (e.g.
C=1 or C=2) or leads to a next decision considering other input
and/or other reference figures. In the meaning of the present
sclogure, a declsion tres thus defines any seguence of
cigions evaluatad for a given input relative to given
reference figures sc as to obtain a decision result. Naturally,
an implementation of a decision tree can be in form of rules or
code which, in turn, can be defined using a command language,

programming language, guery language, etc.

heocording to an embodiment of the present invention, the
decision tree is built based on collected data. In this way,
“Ffirst” input data may serve to build the decision tree, which
is then applied to evaluate “second” input data. Said first
input data can be accompanied with known results, so that the
decision tree can be learned from the first input data. As
regards actual implementatione in the field of product marking,
the diversity of possible background images (brand name, logo,
substrate, etc.) on a production line can be considered when
compiling the first input data. Also, input data with a known
low decodability rate can be of use for bullding a decision

Lree.

In other words, a decision tree is a data mining algorithm for
constructing a prediction model from data. The final model is
obtained by recursively partitioning the data space and fitting
a simple prediction model within each partition. As a result,
the partitioning can be represented graphically as a decision
tree {(cf. Figures 5A to 5C). Decision trees can use a measured
prediction error as a misclassification cost. Once a model
{tree) iz obtained, corresponding rules can be extracted. They

-

llow fast implementation.

iy
Y

cilitate model understanding and a

Figure 3 shows a schematic view of a system architecture
according to an embodiment of the present invention. The
architecture involves an application 303 coupled to a printer

301 and & camera 302, The application 303 is coupled to =
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decoding system 304, which, in turn is coupled to a bar code

detection algorithm.

Figure 4A shows a flow chart of a method embodiment of the
present invention. This embodiment is a method of building a
decision tree used for identifyving a bar code in image data,
and involves a step 411 of separating template image data into
positive-hit image data with a bar code being present and
negative-hit image data with a bar code being absent, a step
412 of calculating a plurality of characteristic figures for
the positive-hit image data and the negative-hit image data,
and a step 413 of building the decision tree based on the
calculated characteristic figures for the positive-hit image
data and the calculated characteristic figures for the
negative-hit image data. The characteristic figures indicate =z
probability of whether or not a bar code is present in the

positive-hit image data and the negative-hit image data.

The template image data can be a collection of images that
i

could not b

[

C
decoded in a previous image procesgsing. In a way,
the template image data can be a repository of images, which -

preferably - includes images from different products, variants,

and/or taken under varying imaging conditions. This may
particularly serve to increase data variability. In other
words, the higher the diversity of collected images, the better

the decigion tree will perform on unseen images. Imageg can
thus be collected with varying parameters, such as
production/packaging line, location, product, time, date,

seagon, etc. Since it may be difficult to collect a
“~

e

3

representative get

C

f all products available in a given
distribution chain {(e.g. country}, a manual selection can be

made.

The separation into positive-hit image data and negative-hit
image data can be effected by, for example, high-accuracy image
processing. Such processing may be able to detect a bar code

with satisfving accuracy, but may not be suitable for online
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{live) decoding due to the increased demand on processing

regources.

2lso, an expert can visually separate the images into the two
classes (absence/presence of a bar code}. In this alternative,
collected images are visually classified as containing a bar
code {(cf. Figures 2A, 2B, 2D, and 2E) or not containing a bar
code (Figures 2C and 2F). It is noted, however, that the
separation - either automated or manual - needs only to be
effected for building the decision tree, Once the model (tree)

is ready, no additional visual inspection is needed.

Possible scenarios of marked products have already been
mentioned in conjunction with Figures 2A to 2F. More
specifically, Figure 2E shows a situation in which the bar code
printing overlaps with a logo 21 on the cap 20. This situation
may be frequent since most brands have their logo on bottle

caps. In general, if a bar code is present on the cap, the bar
¥ g ‘

)

code ink can produce saturated values in the image data. In
such & situation the gradient magnitude Otsu threshold
parameter (P3) based on the image gradient can be employed.
When a logo is overlapping a bar code, this figure is not
significantly influenced (as shown, for example, in conjunction
with Figures 7B and 7C). Since this parameter can be given as
an input characteristic figure to the decision tree, the bar
code overlap with the brand logo can be managed. The decision
tree is not influenced by the slight variation of this
parameter, which, in turn, allows for the decigion tree to
discriminate between presence and absence of a bar code even in

the overlapping casge,

Likewise, as shown in Figure 2B, the bar code 10 may only be
partially printed on the cap 20. This situation is ﬁrequent
since conveyors are set to high speed which make bottles
collide and move. In such a situation, the characteristic
figure of the maximum gradient magnitude parameter (P2} can be

based on the highest gradient on the image. Whether a bar code
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10 is fully or partially printed on the cap 20, P2 has nearly
the same value. This gquasi invariance of P2 allows the decision
ee to detect the bar code even when it is partially printed.
e pogition of the highest gradient on the image is shown in
Figures 8A and 8B (reference numeral 81}, which again stress
the quasi invariance of this characteristic figure in related
situations.
The template image data may opticnally subject to data
randomization priocr to the separation 421. In this way,
individual images are shuffled so as to destroy, or at least
minimize, any sequential or statistical similarities.
Furthermore, only a fraction of the template data may be

subject to separating and calculating. This “training”

+

fraction, for example 70 % or 2/3, is used for building the
decision tree in step 423, whereas the remainder, for example
30 % or 1/3, is used for testing the obtained model (decision
tree). In this way, a training set and a test set can be
formed. This can allow for minimizing the risk of building a

model that performs well only on collected data.

Broadly speaking, a decision tree is used to classify images
into two classes, 1.e. whether a bar code 1s present or absent.
one advantage of a decision tree is its readability: Once
built, it is possible to extract rules that predict the target

class.

The step 412 may involve image processing as mentioned. While
decoding the image data one or more characteristic figures are
obtained, calculated, compared, and evaluated. These figures
can be obtained by a dedicated algorithm or simply as part of
the above described image processing used for decoding a bar
code. Exemplary charvacteristic figures include the parameters
minimum gradient magnitude (P1l, minimum value of the magnitude
of the gradient computed on the image), maximum gradient
magnitude (P2, maximum value of the magnitude of the gradient

computed on the image), gradient magnitude Otsu threshold (P2,
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threshold value returned by an Otsu algorithm computed on the
image in gradient space), number of edges (P4, number of edges
or segments detected in the image), L finder pattern candidates
gize (PS5, number of L finder-pattern candidates formed by to

segments that are almost perpendicular) .

The calculated parameters are obtained in form of a table,

wheresin each line can repregent one image, having a set of
corresponding parameters {e. g. Pl to P5) and being classified

into one of the class C = 1 {absence of bar code) or C = 2
(presence of bar code). An example of input data for building a

decision tree may thus look like:

Pl P2 73 b4 P Class (C)
10 15 1
10 is 1
10 25 1

In general, however, the set of parameters depends on the
decoding algorithm. While decoding, images are processed to
obtain some decoding parameters, 1.e. some characteristic
figure that can be compared to some given reference value in
order to make determination on either a decoding result or the
further procedure in the image processing. Also, additional
parameters may be temporarily considered but chosen to be
meaningless in the absence of a bar code in the image so as to
be deselected. A final selection of parameters and
characteristic figures can be left to an implicit selection

during building the decision tree.

For the sake of simplicity the above data is reduced as
providing an example of building the decision tree. This
example is given in conjunction with Figures 5A to 5C and
explained as follows. As a starting point, the calculating in
step 412 vielded the following values for the characteristic

figures Pl and P2 for the positive-hit image data with a bar
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code present (class C = 2) and the negative-hit image data with
a bar code absent (class C = 1)

PL P2 C
10 15 1
10 15 1
10 25 1
20 15 2
20 25 2
20 15 1

From this exemplary data, 1t is apparent that selecting Pl is

a
better choice than P2 to discriminate between class 1 and 2,
since P2 alone doeg not provide sufficient information about
the class, while PL does. Hence a first part of the decision
tree can be bulilt as shown in Fig. 34: If P1 iz lower than 15,
then the left branch deterymines the clages 1 (¢ = 1), If Pl is
greater than 15 then evaluation proceeds along the right

branch. The following data remain to be classified:

Pl P2 c
20 1 2
2 2 2

£
[T -
! - ]
(3}
-t

In a second step, the remaining parameter P2 is chosen so ag to

build the next part as shown in Figure 5B: If P2 is greater

L

than 20, then the right branch determines clags 2 (C = 2., If
Pz is lower than 20, then the class is not vet known. In an
actual implementation, of course, the data set is much larger
than in the above example. In general, however, the tCree ig
preferably kept as small and simple as possible to aveid

unnecessary complexity,

Using the above concepts, a decision tree can be built by
succegsively setting threshold on chosen parameters in order to

divide data into sub-groups that contain lesgs disorder measured
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by the so-called Gini's Diversity Index (GDI) which is defined

as follows:

(1
o
=
-~
]

;._l

Tip(ile)1?%, with i = 1, 2,

and whe is the probability of belonging to class 1
(i.e. class 1 or clasg 2} at node t©
Furtcher, in order to build the model (tree), a training set as

explained above can be used and a 10-fold cross-validation
procedure is performed within this training set. The cross-
validation serves to tune the model parameters (in this case
the depth of the tree). Several trees can be built with varying
depth. The best tree can then be selected as the one with
minimum cross-validation error. The obtained model can then be
tested uging the test set (1/3 of the dataj to avoid

overfitting.

L complete decision tree, for example the one congidering also
a further parameter/figure “P3” as shown in Figure 5C, can then
he transformed into rules and the cbtained model can the be
implemented intoc the decoding library (as part for example of

£

the decoding system 304 of Figure 3). Following the above
example the resulting rules may look in an instruction/command

language as follows:

Node 1 Tf P1L <« 15 then node 2 else 1f Pl >= 15 then node 3
Node 2 Clags = 1

Node 3 Tf P2 < 20 then node 4 elge 1f P2 »= 20 then node 5
Node 4: If P2 < 5 then node ¢ else node 7

Node 5: Class = 2

Node 6: (Clags = 1

Hode 7: Class = 2

Such cbtained rules can be both easy to implement and fast to
tegt in an online production environment. As can be seen from

the above, the reguirements on processing resources are
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limited, especially as compared to the requirements of the
remaining image processing. Further, this allows for detecting
the presence of a bar code in new images (image data), and at
rhe same time a degree of confidence (“Accuracy”) can be given.
The above process is schematically reproduced in Figure 6A:
Decoding parameters P1l, .., Pn are provided as characteristic
figures 611 together with class information {i.e. C = 1 or 2)
612 to the decision tree building 613. The decoding parameters
are obtained by applying the decoding algorithm on a set of
images, and the class determine the presence/absence of a bar

code. The built decigion tree is output in form of rules 614.

A classification accuracy can be defined as the ratio of
successes on the test set size:

Accuracy = 100 x (N + Nm) / Npondee,

where Ny is the number of true positives, Ny is the number of
true negatives and Npensee 18 the total number of non decoded
images, wherein all these figures now refer to the test set.
The above classification accuracy may also allow for selecting

the best model.

Likewise, a so-called false positive (FP] can be a non-marked
product that is believed to be marked and thus distributed. A
false negative (FN) ig a marked product that is believed to be
non-marked and thus rejected, With ¥P, non-marked products are
present on the market, and, since they are not marked, audit is
not feasible. With FN, marked products but perhaps not
decodable bar codes are ejected from the production line. The
chijective is to minimize FP and FN values since they both have
negative impacts. In this way, a performance metric can be

defined in form of a matrix:
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Predicted value

Anhsgence of Presence of
bar code bar code
Absence of True False
bar code Hegative (TN} Pogitive (FP)
actual
value
Pregence of False True
bar code Negative (FN) Pogitive (TR}

In specific situations, FP and FN can have different impacts on

the implementation., When a deci

o

ion tree is built, 1t is
possible to set a different cost for FP and FN. In this way, &
given type of error (FP or FN) can be penalized more in order
to bias the model (tree) towards reducing this error. Both
measures are strongly related. An increase on the cost of FP
will reduce them, but generally at the price of increasing FN.
Since reducing FP affects FN, the first one can be specified as
a function of the second one. For varving FP costs, one can ssae
the effect on both FP and FN. This allows selecting the best

situation according to business needs.

An example of the relationship between FP and FN for varying FP
costs is given in Figure 74 showing a graph of 704 representing
false negatives and a graph 703 representing false positives

for the cost of false positive compared to false negative (axis

701) versusg percentage (axis 702).

Figure 4B shows a flow chart of a method embodiment of the
present invention. This embodiment is a method of detecting a
bar code in image data and involves a step 421 of calculating a
plurality of characteristic figures from the image data, a step
422 of evaluating a decision tree built for the plurality of

characteristic figures, and a step 423 of making a

determination of whether or not a bar code is present in the
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image data based on the evaluating of the decisgion tree. The
characteristic figures indicate a probability of whether or not

a bar code is present in the image data.

The above process is schematically reproduced in Figure &B:
Image data 621 is input to the bar code decoding 622 which
outputs code 623 and the decoding parameters 624 obtained
during the decoding process. Bar code detection 625 inputs the
parameters 624 and the decision rules 627. Detection 625
outputs the predicted class C 626 of the lmage {i.e., value of

C, presence/absence of bar code).

Tn this way, the information returned by the bar code detection
£25 ie the class 626. In addition to thisg binary information, a
confidence percentage can be provided. Each rule can be
associated with a given probabkility of producing a correct
result. This probability can be cbtained from the training set.
In the model obtained from training data (tree), terminal nodes
{that represent a class] may not be completely pure. When class
1 is predicted, 1t means that more than 50% of the data from
the training set that are in this node belong to class 1.
However, there is usually a non-null proportion of class 2 as
well. The confidence at note t can be given as the ratio of
majority class on the minority class as follows:

Confidence = 100 % Nuajorizyclass / Musnoricvolass

where Nusijoricyclass +8 the number of data belonging to the most
represented class in node t and Npinericyclass ig the number

elements belonging to the least represented clase in node t.

Figure 9A shows a general apparatus embodiment of the present
invention. Specifically, there is shown an apparatus 100

comprising a processing unit 110 and a memory unit 120 he

X

)

memory unit 120 may store code that, when executed on the
processing unit 110, implements one or more method smbodiments

of the present invention. Opticnally, the apparatus 100 may
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comprise an imaging unit 131 for ascquiring image data. Further,
the apparatus 100 may comprise a communication unit 132 for
communicating an detection and/or decoding result to other
entities, such as servers, controllers and the like. The
communication may be effected over a network, such as a local
area network (LAN), wireless network (WLAN), the internet, and
the like. PFurther, also bus systems, such as CAN, can be

emploved for data exchangs.

Fig. 9B shows a schematic view of a handheld embodiment of an
apparatus for taking an image of the bar code and detecting
and/or decoding the same. The apparatus 200 comprises a window
201 through which a digital image of an item 210 can be
acquired. A two-dimensional bar code 10 is applied to the item
210 by means of any mentioned printing, mechanical, physical,
or chemical method. The apparatus 200 may further comprise an
integrated processing unit (not shown) for performing one or
more method of embodiments of the present invention. An
additional operation element 202 may be provided for switching
on and off the apparatus 200 and/or initiating the taking of a
picture, acquiring/cobtaining respective image data, and/or
processing of the digital image data so as to detect and/or
decode the two-dimensional barcode 10 on the item 210. The
device may, of course, take other forms and may be wire-bound
or wireless.

Fig. 9C shows a schematic view of a fixed type embodiment of an
apparatus for taking an image of the bar code and detecting
and/or decoding the same. Like, for example, a module operable
to be mounted on a production/distribution line for detecting
bar codes disposed on items transported omn said line. Again,

f

O3

=]
the apparatus 20 comprises a window 2017 through which a

digital image of an item

L)

210 can be acquired with a two-
dimensional bar code 10. The apparatus 200" may further
comprise an integrated processing unit (not shown) for
performing one or more method of embodiments of the present

invention. An additional fixation element 202" may be provided
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for mounting the apparatus 200’ on, for example, a production
line in which a plurality of items 210 pass by the apparatus
200’ for detection. The device may, of course, take other forms

s

and may be wire-bound or wireless.

Benefits of the present disclosure and the embodiments of the
present invention include that a lower rate of false negative
can be obtained. Further embodiments of the present invention
uges past decoding parameters to infer a decision tree and

predict the presence/absence of pattern in the current image.

nlthough detailed embodiments have been described, these only
gerve to provide a better understanding of the invention
defined by the independent claims, and are not to be seen as

limiting.
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Claims

ba

L

A method of detectin

g
=

i a bar code in image data, the method

comprising the steps of:

- calculating a plurality of characteristic figures from
the image data;

- evaluating a decision tree built for the plurality of
characteristic figures; and

- making a determination of whether or not a bar code is
present in the image data based on the evaluating of the

decigion tree,

wherein the plurality of characteristic figures indicate a
probability of whether or not a bar code is present in the

image data.

The method of claim 1, further comprising a step of
calculating a confidence parameter indicating correctness

of the determination.

L method of building a decision tree used for identifying a

bar code in image data, the method comprising the steps of:

- separating template image data into positive-hit image
data with a bar code being present and negative-hit
image data with a bar code being absent;

- calculating a plurality of characteristic figures for
the positive-hit image data and the negative-hit image
data, and

- building the decision tree based on the calculated
characteristic figures for the positive-hit image data
and the calculated characteristic figures for the

negative-hit image data,
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wherein the plurality of characteristic figures indicate a
probability of whether or not a bar code is present in the

positive-hit image data and the negative-hit image data.

The method according to any one of claims 1 to 2, wherein
the plurality of characteristic figures include at least
one of a minimum gradient magnitude, a maximum gradient
magnitude, a gradient magnitude Otsu threshold, a number of

edges, & size of an L finder pattern.

The method of claim 2, further including a step of

randomizing the template image data.

The method of claim 3, further including a step of
splitting the template image data from collected image
data, and a step of testing the built decision tree using

the remainder of the collected image data.

The method of claim 6, further including a step of

randomizing the collected image data before splitting.
The method of any one of claims 3 and 3 to 7, further
including a step of generating rules based on the built

decision tree,

The method of any one of claims 3 and 5 to 8, further

t

including a step of calculating a clasgification accuracy.

The method of any one of claimg 2 and > to 9, further
including a step of bilasing the buillding of the decision
tree, by means of penalizing false positives and/or false

negatives.

4 method of decoding a bar code in image data, comprising
the steps of the method of detecting a bar code in image

data according to claim 1 or 2, wherein processing of
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decoding the bar code is aborted upon making a determining

of no bar code being present in the image data.
The method of any one of claims 1 to 11, wherein the bar
code is a two-dimensional data matrix provided to a

product.

n device comprising a processing resource configured t

O

perform a method according to any one of claims 1 to

;..vi
B3

A computer program being executable on a processing
resource and comprising code implementing a method

according to any one of claims 1 to 12.

A computer program product storing the code according to
claim 14.



WO 2014/177220 PCT/EP2013/059187

177

Fig. 1A




WO 2014/177220 PCT/EP2013/059187

217
Fig. 3
301 302
B &
v L
303
i 4
304
305
Fig. 4A Fig. 4B
411 421
) ¥
412 422

NN
R
[
o
g M
[




WO 2014/177220 PCT/EP2013/059187

37

Fig. 5B

Fig. 5C
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