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Determining a module size of an optical code

The invention relates to the determination of a module size of an optical code and a

code reader according to the preamble of claims 1 and 14, respectively.

Code readers are well known from supermarket check-outs, automatic parcel identifica-
tion, sorting of mail, baggage handling in airports and other logistics applications. In a
code scanner, a reading beam is guided across the code by a rotating mirror or a poly-
gon mirror wheel. A camera-based code reader takes images of the objects with the
codes using an image sensor, and image evaluation software extracts the code infor-
mation from these images. Camera-based code readers can easily handle code types
other than one-dimensional bar codes, which are also two-dimensional like a matrix

code and provide more information.

In one group of applications, the objects with the codes are conveyed past the code
reader. A code scanner detects the codes that are consecutively guided into its reading
range. Alternatively, in a camera-based code reader, a line camera captures object
images with the code information successively and line by line with the relative move-
ment. A two-dimensional image sensor is used to detect image data that overlaps to a
degree depending on the imaging frequency and the conveyor speed. In order that the
objects can be arranged on the conveyor in any orientation, a plurality of code readers

are often provided on a reading tunnel to detect objects from several or from all sides.

One characteristic of an optical code is the module size. A module is the smallest ele-
ment of the code, and the code elements or characters are composed of one or more
modules. The module size is a measure of the extent of the module and is expressed
in pixels per module (ppm). Thus, a bar in a barcode has a width of the module size or
a multiple of the module size, and this applies analogously to the two dimensions of a
dark or light area in a two-dimensional code. A large module size means that the code
is detected with high resolution in the image data or greyscale profiles. Consequently,
the smaller the module size, the more challenging decoding becomes, especially if it

reaches a range of two ppm or even less.

It would be advantageous if the decoder knew a good estimation from the beginning, in
particular in case of small module sizes. In that case, measures could be taken to even
read the poorly resolved code. One example is so-called superresolution. This refers to

method that combines a plurality of lower-resolution images into one higher-resolution
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image. Conversely, it may be possible to refrain from using a complex decoding meth-
od for a code that anyway has been detected with a high resolution and large module

size.

However, with conventional methods, the module size is only known after successful
decoding. At that time, the characters contained in the code are known, and on that
basis the module size can be calculated with great accuracy using the total size of the
code in the image data. In the case of a barcode, for example, the characters are used
to determine the total number of modules between the start and stop pattern, and the
size of the code in pixels is divided by this total number. The module size thus is a re-

sult of decoding rather than assisting in the decoding.

In principle, the module size is nothing more than the smallest distance between two
edges of the recorded greyscale profile. Such edges, i.e. transitions between the light
and dark code elements, can be found by the extremes in the derivative of the grey-
scale profile. However, the result strongly depends on how precisely the edge positions
are localized. This is particularly difficult with very small module sizes, since the edge
positions initially are known only on a discrete level and therefore are not sub-pixel
accurate. Furthermore, the edge positions are susceptible to noise. Even in principle, a
purely edge-based method ultimately is a binarization, which reduces the original grey
value information from typically eight or even more bits to only one bit, and this loss of

information limits the possible accuracy of determining the module size.

It is also known in the field of code reading to generate a greyscale histogram of the
image data. However, this is used for completely different purposes, for example to
obtain or emulate a more uniform illumination or to determine a suitable binarization
threshold.

It is therefore an object of the invention to provide an improved approach for determin-

ing the module size.

This object is satisfied by a method for determining a module size of an optical code
and a code reader according to claims 1 and 14, respectively. The optical code may be
a barcode, but also a two-dimensional code according to one of the various known
standards. Image data are generated which contain the code and are preferably at

least roughly segmented and thus adapted to the code area. Image data are typically
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recorded with an image sensor of a camera-based code reader, but the intensity profile
of a bar code scanner may also considered as being image data. An intensity or bright-
ness distribution is generated from the image data. This is a function of the relative
frequency of occurrence of the possible brightness values, in particular in a discrete
form a greyscale histogram. The brightness distribution can thus be represented by
arranging the possible brightness or intensity values on the X-axis, e.g. the grey values
from O for black to 255 for white in an eight bit resolution, and the corresponding rela-
tive frequencies of occurrence on the Y-axis. In a greyscale histogram, the possible
grey values form so-called bins counting the pixels with the corresponding brightness

or greyscale value.

The invention starts from the basic idea of determining the module size from the bright-
ness distribution. This is an indirect approach where no distances of the code or dis-
tances between edges in the code are measured. Rather, the fact is exploited that the
module size has an effect on which grey values occur in the image data or how these
grey values are distributed, in particular in the case of small module sizes, and this is
investigated in the brightness distribution. The determination of a module size may be
relatively rough and only test whether the module size is in a certain class. Preferably,

however, an actual numerical value is derived.

The invention has the advantage that it enables a simple and fast calculation of the
module size which can take place in very early stages of the image processing chain
and in particular does not require prior successful decoding. High accuracy is achieved
even in the sub-pixel range, for example for barcodes from 2.0 ppm down to 0.6 ppm
and for two-dimensional codes from 2.5 ppm to 1.5 ppm. These are ppm ranges in
which decoding is possible today, for example with superresolution methods. The
method is also not based on positionally accurate, high-precision edge detection and
uses area image information, not just local image information. It is therefore also much

more robust against local interference or noise.

The module size preferably is determined from a central region of the brightness distri-
bution. The common expectation for the image data of a high-resolution code is that
the brightness distribution should be bimodal having one a lateral peak for the brightest
and a second lateral peak for the darkest code areas. Conventionally, this is used to
binarize the image data, i.e. to classify each pixel as light or dark. In this embodiment,

the brightness distribution is restricted to the transition area without the most clearly
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defined light and dark pixels. Thus, the focus is on the intermediate values which are
conventionally ignored or just assigned to one of the two classes light or dark. For a
high-resolution code with a large module size, this transition area is almost flat. The
invention has recognized that, for small module sizes, there is an additional more or
less frayed out peak in the transition area, and the module size can be reconstructed

from the properties of that peak.

Edges of the optical code are preferably located in the image data, and the brightness
distribution is formed only over image data in the neighborhood of edges. Instead of
determining the brightness distribution from all pixels of the image data of the code,
which is also possible in principle, there is a selection of certain pixels, namely in the
area of edges. No particular positional accuracy or even subpixel localization of edges
is necessary, since it causes at most moderate errors in the determination of the mod-
ule size if a number of pixels from somewhat larger neighborhoods contribute to the
brightness distribution. Thus, the edges can be localized as extremes of the derivative
of a grey value profile, as mentioned in the introduction, and the pixels at these ex-
tremes and within a certain maximum distance can be used to determine the bright-
ness distribution. With a restriction to neighborhoods of edges, larger just dark or light
areas are not included in the brightness distribution, which would contribute little to the
estimation of the module size according to the invention, as pointed out in the previous
paragraph. Considering neighborhoods of edges eliminates the need to define thresh-
olds between light/dark at the left and right of the brightness distribution and the rele-

vant transition range of grey values in a middle range.

The brightness distribution preferably is tailored to an active area where the distribution
exceeds a noise threshold. This eliminates regions of the brightness distribution which
only pretend a certain frequency of occurrence of the corresponding grey values due to
noise effects, but actually do not contain any information relevant for the determination
of the module size. The following criteria and evaluations preferably refer to the active
area rather than the entire brightness distribution, even where this is not specifically

mentioned.

The module size preferably is determined from at least one of the width, the integral
and the maximum value of the brightness distribution. These properties are used to
determine the extent and characteristics of the brightness distribution, preferably of the

transition area between light and dark, in quantities that are easy to determine and pro-
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cess. The width corresponds to the difference between the smallest and largest grey
value that occurs in the brightness distribution. Integral and maximum value of the
brightness distribution describe the course of the brightness distribution in a simple
way. Preferably, width and integral are calculated from the active area of the brightness
distribution above a noise threshold, so that values only marginally differing from zero
do not distort the result. An estimate of the module size can be calculated from the
above quantities. For example, useful results are already obtained with the assumption
that, at least for small module sizes, the module size is linearly dependent on the width
of the brightness distribution, in particular the width of the active area of the brightness
distribution. With this approach, the width only needs to be multiplied by a scaling fac-

tor to determine the module size.

The module size preferably is determined from the quotient of the integral and the
width of the brightness distribution. This is particularly easy to calculate and has also

proved to be a very useful basis for calculating the module size.

The quotient preferably is mapped to the module size with a scaling function, in particu-
lar using units of pixels per module. The scaling function on the one hand is used to
convert to the required unit ppm and on the other hand to adapt to the application con-
ditions under which the code was detected. For example, it can be calibrated or taught-
in from codes already read with a module size that is known or determined after decod-
ing. In a simple embodiment, only a scaling factor is used as a scaling function, be-
cause this is sufficient for good results in the particularly interesting range of module

sizes up to about 2.5 ppm.

The brightness distribution preferably is rescaled with different weighting factors at a
center and at sides of the brightness distribution. For example, a weighting function is
multiplied with the brightness distribution point by point, or a mathematically equivalent
rescaling is carried out. As already mentioned, the left and right sides of the brightness
distribution are due to bright and dark pixels areas of codes, while the module size is
rather estimated from the grey values in the transition area in between. Therefore, it
may be useful to artificially adjust the brightness distribution by weighting factors to
give certain parts a higher or lower weight. If an integral of the brightness distribution is

determined, rescaling preferably is done in advance.
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The center of the brightness distribution preferably is raised relative to the sides. The
brightness distribution thus is rescaled with a weight less than one at the sides and with
a weight greater than one at the center. The effect of the central area of the brightness
distribution is increased. In cases where the brightness distribution is already based on
neighborhoods of edges only, the desired effect of not considering light and dark areas

is reinforced by the new weighting.

The brightness distribution preferably is divided into three parts, namely a left side, a
center and a right side, and wherein a weight factor for each of the three parts is used
for rescaling. This is a specific and simple implementation to give the sides of the
brightness distribution another weight than their center. Preferably, there is an even
subdivision into three parts. The weighting factors for the right and left side are prefer-

ably the same.

The optical code preferably is read after determining the module size. Determining the
module size is therefore an early step in image processing for reading the code and
cannot rely on the results of decoding. Determining the module size after decoding
would also be possible with very precise conventional alternative methods, as de-

scribed in the introduction, which are not based on a brightness distribution.

The optical code preferably is at least one of read with a decoding method selected on
the basis of the module size and parameterized by the module size. The module size
thus is a parameter that already is available during decoding and possibly even for a
fine segmentation of the code areas. Decoding is supported, simplified, accelerated,
improved or made possible in the first place by knowing the module size in advance.
One example is superresolution, i.e. the generation of higher resolution image data
from several sets of lower resolution image data. The module size can be an indicator
for codes that required superresolution. The module size also is a very helpful parame-
ter for a superresolution algorithm. Another example is realizing the fact that decoding
will not be possible at all because the module size is too small for the existing decoding
methods. Currently, a practical limit for barcodes is 0.6 ppm. It saves resources to im-
mediately classify the code as unreadable on the basis of the module size, instead of

having to go to great lengths to make various complex decoding methods fail.

The determined module size preferably is compared with a limit value in order to use a

decoding method or a component of a decoding method depending on whether the
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module size exceeds or falls below the limit value. This in a way is a discrete consider-
ation according to that of the previous paragraph, where not the numerical value of the
module size is used, but only a class of the module size is determined, similar to a
switch, preferably one of the classes small module size and large module size. The
limit value preferably is in a range of a module size of one to three pixels per module,
or preferably between 1.5 and 2.5 pixels per module. A preferred limit value is 2 ppm
for barcodes and 2.5 ppm for two-dimensional codes. For example, a superresolution
algorithm is used for small module sizes. Moreover, it is common practice to have sev-
eral decoders attempt to read a code, and the composition of respective decoders can
be made entirely or partially dependent on whether or not the module size exceeds the
limit value. It is conceivable that not entire decoding methods, but only certain modules
are affected, which are parameterized differently or are involved or not involved de-

pending on the module size being below or above the limit value.

The code reader according to the invention comprises an image sensor for detecting
image data with the code. This can be the light receiver of a code scanner, a line sen-
sor for detecting a line of code or an area code image by assembling image lines, or a
matrix sensor. A plurality of camera heads whose images are combined is also con-
ceivable. A decoding method for reading the code is implemented in a control and
evaluation unit, which can be part of a bar code scanner or a camera-based code
reader or be connected as a control device. During decoding, preferably as an early
step prior to the actual reading, the control and evaluation unit determines the module

size using an embodiment of the method according to the invention.

The part of the control and evaluation unit that is responsible for determining the mod-
ule size can be configured as an embedded system. It is also conceivable to have an
FPGA (Field Programmable Gate Array) at the image sensor, for example in a camera
head, which analyses the detected image as a very early processing step with the
method according to the invention in order to determine the module size. This would
even be possible if the camera only captured a tile, i.e. a partial area of the reading
field containing only a code fragment that in itself could not be read. Only after stitching
the tiles of several camera heads or several successively captured images is decoding
carried out, and at this point the module size is already known and can, for example,

already be used during stitching.
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The invention will be explained in more detail in the following also with respect to fur-
ther features and advantages by way of example with reference to embodiments and to

the enclosed drawing. The Figures of the drawing show in:

Fig. 1 a schematic three-dimensional overview of the exemplary installation of a
code reader above a conveyor belt where objects with codes to be read are

conveyed;
Fig. 2 an example of a greyscale profile;
Fig. 3 a representation of the derivative of the greyscale profile according to Fig-

ure 2 for locating edges;

Fig. 4 an example of a greyscale histogram of a code with large module size;
Fig. 5 an example of a greyscale histogram of a code with small module size;
Fig. 6 a representation of the active area of a greyscale histogram above a noise

threshold, illustrating the integral and width of the active area;

Fig. 7 a flowchart for an exemplary algorithm for determining the module size from
a greyscale histogram; and

Fig. 8Ba-e exemplary representations of greyscale histograms for different module
sizes.

Figure 1 shows an optoelectronic code reader 10 in a preferred application situation
mounted above a conveyor belt 12 that conveys objects 14, as indicated by the arrow
16, through the detection area 18 of the code reader 10. The objects 14 have code
areas 20 on their outer surfaces that are detected and evaluated by the code reader
10. The code areas 20 can only be detected by the code reader 10 if they are arranged
on the top or at least visible from above. For this reason, in deviation from the illustra-
tion in Figure 1, a number of code readers 10 can be mounted from different directions
to read a code 22 that is arranged at a side or bottom, in order to enable so-called om-
ni-reading from all directions. A plurality of code readers 10 in practice are preferably
arranged as a reading tunnel. The stationary application of the code reader 10 at a
conveyor belt 12 is very common. However, the invention primarily relates to the code
reader 10 itself and its implemented method for decoding codes, or more specifically a
preprocessing step to that end, and therefore this example is not to be understood in a

restrictive manner.

The code reader 10 uses an image sensor 24 to detect image data of the conveyed
objects 14 and the code areas 20, which are further processed by a control and evalua-

tion unit 26 using image evaluation and decoding methods. The specific imaging meth-
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od is not important for the invention, so that the code reader 10 can be configured ac-
cording to any known principle. For example, only one line is detected at any one time,
either by means of a line-shaped image sensor or a scanning method, where in the
latter case a simple light receiver such as a photodiode is sufficient as image sensor
24. An image line can directly be used for an attempt to read the code, or the control
and evaluation unit 26 combines the lines detected during the conveyor movement to
form the image data. With a matrix-shaped image sensor, a larger area can be cap-
tured in one image, where it is also possible to combine images both in the conveying
direction and the transverse direction. The plurality of images may be taken one after
the other and/or by a plurality of code readers 10 that for example cover the entire
width of the conveyor belt 12 only with their combined detection areas 18, each code
reader 10 detecting only one tile of the entire image and the tiles being combined by
image processing (stitching). It is also conceivable to decode only fragments within

individual tiles and then to stitch the code fragments.

The main task of the code reader 10 is to detect the code areas 20 and to read the
codes therein. As a sub-step, preferably as early as possible in the processing chain
and prior to the actual code reading, the module size is determined from a brightness
distribution or a greyscale histogram of the images of the respective code 20. This is

explained in detail below with reference to Figures 2 to 8.

The code reader 10 provides information, such as read codes or image data, via inter-
face 28. It is also conceivable that the control and evaluation unit 26 is not arranged in
the code reader 10 itself, i.e. the camera shown in Figure 1, but is connected as a sep-
arate control device to one or more code readers 10. In this case, interface 28 also is
used as a connection between internal and external control and evaluation. The control
and evaluation functionality can be distributed to internal and external modules in prac-
tically any way, while the external modules can also be connected via network or cloud.
No further distinction is made in this regard, and the control and evaluation unit 26 is

considered as part of the code reader 10, regardless of the actual implementation.

Figure 2 shows an example of image data of a code 20 in the form of a greyscale or
grey level profile of an image line through the code 20. This kind of greyscale profile
forms the initial data obtained by image sensor 24. The example of a greyscale profile
is not a real limitation. Optical codes consist of areas in two modalities, often black and

white color, sometimes structures or embossing, but in any case the code information
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can be captured by greyscale images. It does also not matter for the understanding of
the invention whether the greyscale profile is detected as a scan of a bar code scanner,
an image line of a line-shaped image sensor or a line through a two-dimensional image
of the code 20.

The further specification is based on the example of barcodes, but the method accord-
ing to the invention for determining the module size is analogous for two-dimensional
codes. In the case of a barcode, the greyscale profile should not be captured almost
parallel to the bars. If the module size is to be determined in absolute length units, the
angle of the greyscale profile with respect to the code must be known. However, the
size of interest for decoding is how many pixels represent a module (ppm, pixel per
module), in the very same image data that the decoder receives, including a possible

skew in the code 20.

In principle, the desired module size is already represented in Figure 2. The respective
plateaus at high and low grey values correspond to the characters of the code, so that
the widths of the plateaus could be measured and the module size could be fitted as
the smallest length from which the widths could be reconstructed by this smallest
length or multiples thereof. However, the error is too large by far, in particular in view of
lots of the plateaus not even being recognizable as plateaus, let alone allowing for reli-

able measurement of their width.

Figure 3 shows the derivative of the greyscale profile according to Figure 2. The edges
of the code, i.e. the transitions between light and dark code elements and vice versa,
are the extrema. Instead of the plateaus as in Figure 2, the distances between adjacent
extrema could thus be used to determine the module size, as already discussed in the
introduction. The problem is that the edge positions are noisy and even without noise at
best allow a determination of the module size with an accuracy of one pixel, but no
subpixel accuracy. However, edge positions that are only roughly determined with
these limitations can still be useful for the method according to the invention for deter-

mining the module size.

According to the invention, the module size is not determined from greyscale profiles or
derivatives thereof, but an indirect approach via a histogram of greyscale values or,

more generally, a brightness distribution is used.
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Figure 4 shows an exemplary greyscale histogram for a barcode that was recorded
with a good resolution and a module size of 2.58 ppm. The small inset picture on the
top right shows a real image section for illustration. The greyscale histogram is created
by arranging the possible greyscale values, in this case 0-255 corresponding to 8-bit
image data, as bins on the X axis. For each pixel of the code image data under consid-
eration, the bin corresponding to the grey value of the pixel is incremented by one. The
code's quiet zones preferably are not included in the greyscale histogram. As a final
step, there can be a normalization by dividing by the total number of contributing pixels,
which ensures that the sum of all bins equals one. The greyscale histogram is a dis-
cretization of the brightness distribution, and therefore the more general term bright-

ness distribution is also used in this specification.

For sufficient module size, the greyscale histogram is bimodal with a clear left and right

peak for the dark and light code elements, respectively, and a flat area in between.

Figure 5 shows another exemplary greyscale histogram now recorded for a barcode
that was recorded with a poor resolution and a module size of 0.93 ppm. Again, the
small inset picture on the top right shows a real image section for illustration, which
gives an idea why reading such a code requires special attention. The greyscale histo-
gram differs significantly from that of a code recorded with a good resolution and a
module size of at least 2 ppm. The bimodality increasingly gets lost with decreasing
module size. With increasing blurring due to poor resolution, an increasingly strong

peak is formed at medium grey values.

This illustrates the basic idea of the invention: The brightness distribution, which is ob-
tained in particular as a greyscale histogram, allows conclusions to be drawn about the
module size. This may be a qualitative statement as to whether the module size is
large or small, with the limit in between for example being 2 ppm, but it is also possible
to estimate a numerical value for the module size. Figures 4 and 5 again show bar-
codes as examples. The blurring effects caused by too low a resolution, from which the
module size is ultimately determined according to the invention, also occur with two-
dimensional codes, so that the example of barcodes must not be understood as re-

stricting.

As explained with reference to Figures 4 and 5, the difference between small and large

module sizes is reflected in the different characteristics of the peak for medium grey
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values. The distinguishability of module sizes is therefore increased if the central or

transition region of the greyscale histogram is considered.

It is therefore advantageous if the greyscale histogram is obtained only from pixels that
correspond to this transition area. This can be achieved in that the greyscale histogram
is not formed from all pixels of an image of a code, but only from pixels in the neigh-
borhood of edges. There at the edges, the blurring effect due to under-sampling or too

low resolution can be measured particularly well.

It has already been explained with reference to Figure 3 how the edge positions can be
estimated, for example from a derivative of a greyscale profile. The greyscale histo-
gram preferably is formed from the pixels at these edge positions and a respective pix-
el neighborhood. For the purpose of restricting a grey scale histogram to edge neigh-
borhoods it is not important that the edge positions are only accurate to one pixel, since
the subpixel range is anyway not considered in the greyscale histogram. Any edge po-
sition errors caused by noise effects are also tolerated, as they only lead to a pixel be-
ing wrongly included or excluded every now and then. In any case, this is much better

than including all pixels indiscriminately.

An exemplary greyscale histogram based on edge neighborhoods is shown in Figure 6.
It should be noted, however, that although considering a greyscale histogram consist-
ing only of pixels in a neighborhood of edges is particularly advantageous and allows a
particularly good accuracy in determining the module size, the module size neverthe-
less can also be estimated from simple greyscale histograms that take into account all

pixels of an image of a code or code area.

In order to determine a module size from the greyscale histogram based on edge
neighborhoods, or alternatively a complete greyscale histogram, the greyscale histo-
gram may be described by characteristic variables. Only an active area of the grey-
scale histogram preferably is considered to ensure that individual noise events do not
affect the evaluation. This includes only those bins that exceed a noise threshold, for
example either specified as a minimum number of pixels contributing to the bin or a

minimum percentage.

It turns out that the width, as illustrated by an arrow in Figure 6, is a very useful charac-

teristic variable. The width is the difference between the largest and smallest grey val-
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ue occurring in the greyscale histogram. Another characteristic variable useful for cal-
culating the module size is the area or integral of the greyscale histogram, which can

be obtained by summing up the bins.

The area of a normalized histogram of course is one, so the integral only makes a real
contribution if the greyscale histogram is not normalized or is normalized before the
active area is determined with the noise threshold, or if subareas are rescaled as ex-
plained below. Other possible characteristic variables are the height of the main maxi-
mum, the number of secondary maxima or the ratio of the height of the main maximum

to the height of the first secondary maximum.

One possible specific calculation for the module size is to form the quotient of integral
and width and to map this measured value with a scaling factor to a module size in
units of ppm. The scaling factor can for example be obtained by reading codes in a
calibration or teach-in process and subsequently determining the module sizes with
high accuracy by common means. Then, in reversal of the later calculation, the known
module size is compared with the quotient of integral and width to find the required

scaling factor.

Figure 7 shows a flowchart for an exemplary algorithm for determining the module size
from a greyscale histogram. In this algorithm, some specific steps are provided, which
are to be understood as advantageous embodiments and do not limit the generality of

the specification.

In a step S1, input data is obtained, i.e. the image data of the code, for example in the

form of one or more greyscale profiles, as explained above with reference to Figure 2.

In a step S2, the edge positions in the code are determined. The derivative of grey-
scale profiles can be used to that end, as explained above with reference to Figure 3.
An accuracy of pixels rather than sub pixels as well as possible position errors due to

noise are no obstacle for the estimation of the module size.

In a step S3, the greyscale histogram is initialized by providing bins according to the

possible grey values and initializing the respective bin counters with zero.
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In a step S4, the grey values of the pixels at the edge positions as well as in their

neighborhood are determined, for example the preceding i and the following j pixels.

In a step S5, the bins associated with the grey values determined in step S4 are incre-
mented accordingly. Steps S4 and S5 are separated for explanation only. In practice,
rather all edge positions and, for each edge position, the pixels in their neighborhood
would be considered one after the other, and for each relevant pixel the bin of the cor-
responding grey value would be incremented. As an alternative to the edge-based
greyscale histogram according to steps S2, S4 and S5, a greyscale histogram can also
be formed from all pixels of the input data of step S1, in which case the estimation of

the module size may become less accurate.

In a step S6, the greyscale histogram is normalized so that the sum over all bins is one.
The normalization factor corresponds to the number of pixels contributing to the grey-
scale histogram or the sum over the greyscale histogram prior to normalization. The
normalization is completely optional and could in particular also be replaced by using

the scaling factor F to be introduced in step S10.

In a step S7, the greyscale histogram is limited to a so-called active area by only con-
sidering bins that have a minimum count or frequency of occurrence exceeding a noise
threshold. The noise threshold can be a constant or a fraction of the sum of all bins of
frequencies of occurrence, for example a per mille value, and eliminates outliers. A
width B is calculated as the difference between the largest and smallest bin of the ac-

tive area.

A subsequent step S8 is completely optional and is an example of an optional rescaling
of the greyscale histogram that can be used to further enhance certain characteristic
properties for determining the module size. In this specific example implementation, the
active area is divided into three equally sized partial areas. The bins in the left and right
part are multiplied by a side weight, the bins in the central part are multiplied by a cen-
tral weight. Alternatively, a more finely resolved weighting function could be used. Pref-
erably, the rescaling is used for a relative weakening of the side areas and a relative
strengthening of the central area, whatever the specific design of the rescaling. This is
because, as explained with reference to Figure 5, the central transition area of grey
values is of particular interest for determining the module size, and is thus emphasized

still more.
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In a step S9, the bins of the active area are summed up so that an integral or the area

A of the active area is determined.

In a step S10, the quotient of area A and width B is formed. This already is the desired
estimation of the module size, but still in the wrong units. Therefore, the module size is
calculated as F*A/B, i.e. a scaling factor F is introduced, which scales the measured
variables from the greyscale histogram to a module size in units of ppm. The scaling

factor F can be empirically determined or taught-in in advance.

Figures 8a-e show examples of grey scale histograms for different module sizes, each
limited to the neighborhood of edges as explained with reference to Figure 6. The re-
spective actual module sizes were reconstructed with only a small error using the
method explained with reference to Figure 7. Specifically, in Figure 8a the actual mod-
ule size is 0.8 ppm and the estimated module size is 0.79 ppm, in Figure 8b the actual
module size is 1.0 ppm and the estimated module size is 1.06 ppm, in Figure 8c the
actual module size is 1.2 ppm and the estimated module size is 1.23 ppm, in Figure 8d
the actual module size is 1.4 ppm and the estimated module size is 1.19 ppm, and in

Figure 8e the actual module size is 1.5 ppm and the estimated module size is 1.68

ppm.

In a data set of more than 700 code images taken from a real application, an average
error of 0.15 of the estimated module size could be achieved. The calculations become
less accurate for increasing module sizes. A major reason is that the scaling factor Fis
actually a scaling function that should be attenuated for increasing module sizes, for
example of greater than 2 ppm. In principle, a scaling function can be determined em-
pirically or taught-in in the same way as a scaling factor. In practice, however, this is
not really necessary, since the small module sizes, where a constant scaling factor F
results in a good estimation, are the more critical cases by far, and an estimation error

for increasing module sizes can therefore usually be accepted.
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Claims

A method for determining a module size of an optical code (20), wherein image

data with the code (20) are acquired and a brightness distribution, in particular a
greyscale histogram, is determined from the image data,

characterized in that the module size is determined from the brightness distribu-
tion, i.e. from a function of the relative frequency of the possible brightness val-

ues.

The method according to claim 1,
where the module size is determined from a central region of the brightness dis-

tribution.

The method according to claim 1 or 2,
wherein edges of the optical code (20) are located in the image data and the
brightness distribution is formed only over image data in a neighborhood of

edges.

The method according to any of the preceding claims,
wherein the brightness distribution is adapted to an active area where the distri-

bution exceeds a noise threshold.

The method according to any of the preceding claims,
wherein the module size is determined from the width (B), the integral (A)

and/or the maximum value of the brightness distribution.

The method according to claim 5,
wherein the module size is determined from the quotient of the integral (A) and
the width (B) of the brightness distribution.

The method according to claim 6,
wherein the quotient is mapped to the module size with a scaling function (F), in

particular using units of pixels per module.

The method according to any of the preceding claims,

wherein the brightness distribution is rescaled with different weighting factors at
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a center and at sides of the brightness distribution.

The method according to claim 8,

wherein the center of the brightness distribution is raised relative to the sides.

The method according to any of the preceding claims,
wherein the brightness distribution is divided into three parts, namely a left side,
a center and a right side, and wherein a weight factor for each of the three parts

is used for rescaling.

The method according to any of the preceding claims,

wherein the optical code (20) is read after determining the module size.

The method according to claim 11,
wherein the optical code (20) is read with a decoding method selected on the

basis of the module size and/or parameterized by the module size.

The method according to any of the preceding claims,

wherein the determined module size is compared with a limit value in order to
use a decoding method or a component of a decoding method depending on
whether the module size exceeds or falls below the limit value, wherein in par-
ticular the limit value is in a range of a module size of one to three pixels per

module.

A code reader (10) for reading optical codes (20), comprising an image sensor
(24) for detecting image data with the code (20) and a control and evaluation
unit (26) configured to read the code (20) with a decoding method,
characterized in that the control and evaluation unit (26) is configured to deter-
mine the module size of the code (20) with a method according to any of the

preceding claims.



10

15

20

25

30

DK/EP 3789906 T3

Patentkrav

1.

Fremgangsmade til bestemmelse af en modulsterrelse for en optisk kode (20),
hvor billeddata med koden (20) indleeses, og en lysstyrkefordeling, specielt et
gratonehistogram, bestemmes ud fra billeddataene,

kendetegnet ved, at modulsterrelsen bestemmes ud fra lysstyrkefordelingen,

dvs. fra en funktion af den relative frekvens af de mulige lysstyrkeverdier.

Fremgangsmaden ifelge krav 1,
hvor modulsterrelsen bestemmes ud fra et centralt omrade af

lysstyrkefordelingen.

Fremgangsmaden ifelge krav 1 eller 2,
hvor kanterne af den optiske kode (20) er placeret i billeddataene, og

lysstyrkefordelingen kun dannes over billeddata i et omrade omkring kanter.

Fremgangsmaden ifolge ethvert af de foregaende krav,
hvor lysstyrkefordelingen tilpasses et aktivt omrade, hvor fordelingen overstiger

en stojterskel.

Fremgangsmaden ifelge ethvert af de foregdende krav,
hvor modulsterrelsen bestemmes ud fra bredden (B), integralen (A) og/eller den

maksimale verdi af lysstyrkefordelingen.

Fremgangsmaden ifelge krav 5,
hvor modulsterrelsen bestemmes ud fra kvotienten af integralen (A) og bredden

(B) for lysstyrkefordelingen.

Fremgangsmaden ifelge krav 6,
hvor kvotienten er knyttet til modulsterrelsen med en skaleringsfunktion (F),

specielt gennem brug af pixelenheder pr. modul.
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Fremgangsmaden ifelge ethvert af de foregdende krav,
hvor lysstyrkefordelingen genskaleres med forskellige vaegtningsfaktorer ved en

midte og ved sider af lysstyrkefordelingen.

Fremgangsmaden ifelge krav 8,

hvor midten af lysstyrkefordelingen er eget i forhold til siderne.

Fremgangsmaden ifelge ethvert af de foregdende krav,
hvor lysstyrkefordelingen er opdelt i tre dele, nemlig en venstre side, en midte
og en hejre side, og hvor en vagtningsfaktor for hver af de tre dele anvendes til

genskalering.

Fremgangsmaden ifelge ethvert af de foregdende krav,

hvor den optiske kode (20) leses efter bestemmelse af modulsterrelsen.

Fremgangsmaden ifelge krav 11,
hvor den optiske kode (20) leeses med en afkodningsmetode, der er valgt pa

grundlag af modulsterrelsen og/eller parameteriseret efter modulsterrelse.

Fremgangsmaden ifolge ethvert af de foregaende krav,

hvor den bestemte modulsterrelse sammenlignes med en grenseverdi for at
bruge en afkodningsmetode eller en komponent af en atkodningsmetode
athaengigt af, om modulsterrelsen overstiger eller ligger under greenseverdien,
hvor specielt grenseverdien er i et omrade af en modulsterrelse pa én til tre

pixel pr. modul.

Kodeleaser (10) til aflesning af optiske koder (20), som omfatter en billedsensor
(24) til detektion af billeddata med koden (20), og en kontrol- og
evalueringsenhed (26) er konfigureret til at leese koden (20) med en
afkodningsmetode, kendetegnet ved, at kontrol- og evalueringsenheden (26) er
konfigureret til at bestemme modulsterrelsen af koden (20) med en

fremgangsmade ifolge ethvert af de foregdende krav.
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Figure 7
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Figure 8b

Figure 8a
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