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(54) Counting process and device for planar substrates

(57) The process comprises the steps of:

(a) loosening a pack of piled substrates;
(b) taking a first image of the piled planar sub-
strates, said image being made of a two-dimension-
al array of single image detectors arranged in lines
and columns;
(c) counting the number of edges of substrates de-
tected;
(d) statistically treating the result obtained from step
(c) ;
(e) based on the statistical treatment, determining
whether the counting is accurate.
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Description

[0001] The present invention concerns a counting
process for piled planar substrates, such as sheets, and
a device to carry out the process.
[0002] Methods and machines suitable to count piles
of sheets arranged in a stack form, for example securi-
ties such as banknotes, are known in the art. One of the
known devices is disclosed in EP patent application N°
0 737 936.
[0003] This patent application, the content of which is
enclosed by reference in the present application, dis-
closes a counting disk of a sheet counter for sheets ar-
ranged in stack form, in particular notes of value, said
rotatable counting disk having circumferential sections
which are arranged at regular intervals on the border of
said disk and have protrusions projecting in the direction
of rotation of the disk, and each circumferential section
having a counting opening, a pneumatic counting pulse
being triggered when said opening is covered by a
sheet, having a suction hollow, whose width and depth
increase in the direction counter to the direction of rota-
tion of the disk, and having a group of suction openings
which are located one behind the other, are arranged in
said suction hollow and can be connected intermittently,
via suction ducts, to a negative-pressure source, such
that, during operation, the abovementioned circumfer-
ential sections leaf through all the sheet corners of a
sheet stack one after the other, separate these from one
another in the process, under the action of suction and
deformation, and cause each sheet to be counted. In
the known device, the abovementioned suction open-
ings are located in the center of the suction hollow, the
sections, opening into the suction openings, of the suc-
tion ducts are directed essentially perpendicularly with
respect to the disk plane and with respect to the base
of the suction hollow, and the suction force acts centrally
on the suction hollow and perpendicularly with respect
to the base of the suction hollow.
[0004] Normally, these counting disks are used on
one or two corners of the stack of sheets, thus giving
one single counting value or two counting values, e.g.
one counting value for each corner. To increase the
number of counting values, it is possible to rotate the
stack of sheets by 180° and carry out another counting
operation on the two other corners of the stack. With
such a system, it is hence only possible to obtain a max-
imum of four counting values for a given stack, in at least
two counting operations.
[0005] Other known prior art methods and devices in-
clude Swiss patent CH 422 834, PCT international ap-
plication N° WO95/00926, GB patents N° 937,463,
N°1,139,292 and N°744,957, Russian publications N°
859204 and N°2007759 C1, and also US patents N°
3,904,189 and 3,953,022.
[0006] All these prior art publications are based on
mechanical systems that contact and count the sheets.
Usually, as described in EP 0 737 936, the disk travels

across the stapled banknotes or securities and at each
passage of a successive sheet or banknote, the system
will increment a counting value and finally, the end
counting value will give the number of sheets/substrate
present in the pile. One drawback in such mechanical
counting is the fact that the disk, or equivalent means,
may damage the substrate being counted. Further, the
system is rather slow (more than 8 seconds for 500
sheets of substrate) and noisy.
[0007] Another apparatus and process for counting
sheets in a pack is disclosed in EP patent application 0
743 616, the content of which is enclosed by reference
in the present application. In this patent application, a
linear CCD array is used to create a signal representing
a high-resolution one-dimensional line scan of the
height of a pack that is positioned between stiffening
boards used to increase the rigidity of the pack. Option-
ally, a compression of the pack is carried out by pressure
plate and a piston/clamping assembly before the image
is made. The signal corresponding to the image is digi-
tised, stored and then processed by different means
(Gaussian filtering, one-dimensional Fast Fourrier Dig-
ital Transform etc.). In one specific embodiment, a static
two-dimensional CCD array is used to provide a two-
dimensional signal and additional signal processing is
carried out to translate the signal into a one-dimensional
signal along the height of the pack being counted. The
two-dimensional CCD array includes rows and columns
which are positioned to the pack such that the rows of
the array align approximately with the sheets to be
counted in the pack. Additional signal processing then
averages the values within each row, or samples one
column to produce a one-dimensional signal. However,
according to this publication, it is preferred to use a lin-
ear CCD array camera also for costs reasons and for
speed of processing reasons.
[0008] It is therefore an aim of the present invention
to improve the known counting process and systems.
[0009] More specifically, an aim of the invention is to
provide a counting process that avoids contacting the
substrate to be counted.
[0010] Another aim of the present invention is to pro-
vide a process and a system that are able to count piled
substrates faster and more accurately than the known
process and systems.
[0011] Another aim of the present invention is to pro-
vide a statistical process for counting piled substrates.
[0012] A further aim of the invention is to detect folded
sheets of substrate in a pile.
[0013] A further aim of the present invention is to pro-
vide a device suitable for carrying out the process.
[0014] These aims are met by the process and device
defined in the claims.
[0015] The foregoing and other objects and advantag-
es of the invention will become more apparent when tak-
en in conjunction with the following description of sev-
eral embodiments and drawings of the invention.
[0016] Figure 1 shows a general block-diagram of the
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process according to the invention.
[0017] Figure 2 shows a block-diagram of a statistical
treatment according to the invention.
[0018] Figure 3 shows the top view of an embodiment
of a device suitable for carrying out the process of the
invention.
[0019] The process of the invention is suitable for
counting planar substrates, such as sheets of securities
or banknotes, checks, cards and other similar objects,
piled in a pack and placed in a pouch and comprises the
first step of loosening the pack of piled substrates. This
loosening is preferably carried out with air under pres-
sure and allows to separate the piled substrates and im-
prove the quality of the counting. Of course, depending
on the thickness and/or the material of the substrates,
the loosening step could be avoided and is therefore op-
tional.
[0020] Then, an image of the edges of the piled sub-
strates is taken by imaging means on a counting side of
the pack. These imaging means will be described further
in detail and may include a CCD camera and treatment
means.
[0021] Using a CCD camera allows to form a two-di-
mensional array of single image detectors, for example
pixels, arranged in lines and columns in which one can
detect the presence of substrate edges.
[0022] As a convention, one defines that the lines of
the array are horizontal and the columns are vertical.
Therefore, in each column of pixel of the array, one will
see the height of the pile of substrates.
[0023] In addition, the image obtained is preferably fil-
tered to remove the noise that is usually present in this
type of images. The filtering operation is known per se
in the state of the art.
[0024] According to the process of the invention, for
each column of single image detectors of the array, one
then counts the number of sheets of substrates detected
in each line of pixel (which have the shape of a segment
of line) in order finally to obtain a counting value for each
column, said value being the number sheets of sub-
strates detected as segments of lines in each pixel col-
umn.
[0025] Therefore, one obtains a set of counting val-
ues, the number of which is equal to the number of col-
umns in the array. Typically, CCD arrays have 512x512
pixels, or 1024x1024 pixels or even 2000x2000 pixels,
and one will obtain, for example 512 counting values,
respectively 1024 or 2000 counting values for the entire
array.
[0026] The set of counting values is then statistically
analysed to determine which value is obtained and how
often. For example, if the pack of substrate contains the-
oretically 500 piled sheets of substrates, the correct
counting value (500) should appear a certain number of
times, for example N500 times and other counting values
such as 499, 498, 497, 501, 502, 503 will also appear a
certain number of times, for example N499, N498, N497,
N501, N502, N503 times.

[0027] In other words, each counting value Ncv will ap-
pear a certain number of times, the "number of times"
being equal to the number of columns in which a count-
ing value is determined. One then analyses the values
Ncv obtained and attributes the value 1,0 to the value
Ncv occurring the most frequently. For all the other val-
ues Ncv, the percentage of occurrence of each value
with respect to the value occurring the most frequently
is calculated.
[0028] As an example, considering that the pile being
counted contains 500 sheets of substrate, in an array of
2000x2000, one could obtain 1990 times the value 500
(N500 = 1990), then 3 times the value 499 (N499 = 3), 1
time the value 498 (N498 = 1), 5 times the value 497
(N497 = 5), and 1 time the value 501 (N501 = 1). The most
frequently occurring value is accordingly 500, and the
other value occurs with the following percentages: 499
0,15%; 498 0,05%; 497 0,25%; 501 0,05%.
[0029] Once this statistic has been done, it is possible
then to decide whether the counting has been accurate
or not under predetermined rules. The predetermined
rules may be decided by the user, for example, the rel-
ative percentage of the occurrences of the other count-
ing values can be set to a certain limit and if this limit is
exceeded, the counting is considered inaccurate. Pref-
erably, the limit is set at 10%, therefore, if a counting
value occurs more than 10% times relatively to the most
frequent value, the counting is regarded as inaccurate.
[0030] Of course, another value may be chosen for
this limit. In addition, if the most frequently occurring val-
ue is not equal to the expected theoretical value (for ex-
ample 500), the counting must also be considered inac-
curate.
[0031] One may distinguish three different possibili-
ties of result of this statistical analysis.
[0032] In the first case, the counting value obtained
the most frequently is the expected value, and the oc-
currence of all other obtained values is below the set
limit (for example 10% as mentioned above), therefore
the counting can be regarded as correct.
[0033] In the second case, the counting value ob-
tained the most frequently is the expected value, but the
occurrence of one or several other obtained values is
over the set limit (for example 10% as mentioned
above), and in this case the counting appears correct
(the proper value is obtained the most frequently) but
should be repeated to check for accuracy. This situation
can occur when a sheet is partially folded and is counted
on one side of the counting side of the pack, and not on
the other side.
[0034] In the third case, the counting value obtained
the most frequently is not the expected value, and the
occurrence of the other obtained values is over or below
the set limit (for example 10% as mentioned above). In
this case the counting is not correct and the pile has not
the proper number of substrates, or a substrate is fold-
ed, or the counting is not correct and the counting ma-
chine has to be adjusted.
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[0035] As a second embodiment of this process, it is
possible to make a second image of the counting side
of the pack and then to treat this second image with the
process according to the invention described above in
order to verify the first counting operation. This second
image can be taken and analysed only if the counting
operation in the first image has not given the expected
result (see second and third case indicated above), or
even is the first counting operation has given the correct
result, as a verification step of the obtained result.
[0036] This second image may be taken on the same
counting side as the first image, or on another counting
side of the pack, with the pack being displaced or not.
[0037] As a further development of the process de-
scribed above, it could be envisaged to take images of
at least two sides of a pile and to detect the presence of
a folded substrate or torn substrate by comparing the
respective counting values. Such a comparison can be
made by known electronic treatment means and the
analysis of the counting values obtained for each count-
ing side could even help to identify in which position the
substrate is folded or torn. For this purpose, it is pre-
ferred to take images of the four sides of a pile.
[0038] As can be understood from this description, a
key advantage of the process according to the invention
is that it is possible to obtain N counting values in one
single counting operation, whereas the known counting
devices are only able to provide one or two counting val-
ues in one counting operation. One can then carry out
a proper statistical analysis of N counting values ob-
tained, rather than only compare a maximum of four
counting values as obtained with the known devices.
With the known devices, it is indeed necessary to carry
out N counting operations if one wishes to obtain N
counting values. The process according to the invention
allows therefore an important saving of time in the count-
ing process and also at the same time a more precise
counting process per se with a statistical analysis car-
ried out on high numbers (N counting values) rather than
one, two, three or four counting values.
[0039] An embodiment of a device suitable for carry-
ing out the process of the invention is now described
with reference to figure 3.
[0040] In this device, packs of planar substrates 1, for
example packs of securities or similar objects, are
brought in front of an imaging device, for example a CCD
camera 2, in such a manner that the camera 2 is able
to take a picture of a counting side 3 of the pack 1. Pref-
erably, each pack 1 is surrounded by three walls 4, 5, 6
in order to facilitate the loosening operation which is car-
ried out for example by a jet of air under pressure sent
by blowing means 7. This loosening operation thus
slightly separates the individual piled substrates and
thus improves the quality of the image used for counting.
In order to maintain the pack 1 in this loosened position
during a certain time, each is placed in a pouch 15 (sche-
matically represented in figure 3) which is open on the
counting side of the pack 1. The air used for the loosen-

ing operation is therefore trapped in the pouch 15 and
the pack remains in a loose configuration. The pouch
may be in a synthetic material or paper material, or any
other suitable material.
[0041] To further improve the system, it is possible to
add illuminating means, for example a LED 8 or other
equivalent means, which will increase the quality of the
image.
[0042] Once the image has been taken, it undergoes
the statistical treatment described above with appropri-
ate treatment means. These means are described in a
more detailed manner with reference to figure 3. The
CCD camera 2 is linked to a computer device 9, such
as a PC or similar device, which comprises at least a
microprocessor 10, filtering means 11, input/output in-
terfaces 12 and memory means 13 to store the informa-
tion. One of the programs stored in the computer 9 is
able to carry out the process according to the invention,
in particular by calculating the counting values as de-
fined above and determining their respective frequency.
The result of the counting process may then be output-
ted on an output means 14, for example a computer
screen or a printer or even be used to determine the
further treatment applied to a specific pile of substrates,
for example repeat the counting in case of an inaccurate
counting, further processing of the counted pile if the
counting operation gives a correct result, specific
processing of the counted pile if the counting is not cor-
rect etc.
[0043] In order to take a picture of a second (or fur-
ther) counting side of the packs, additional means have
to be provided for by which either the packs are turned
or the walls 4, 5, 6 displaced to allow the counting on
said other counting side.
[0044] The embodiments of the invention described
in the present specification are given as illustrative ex-
amples and must not be interpreted in a limiting manner.
Other variants and equivalent solutions are possible
within the scope of the appended claims.

Claims

1. Process for counting planar substrates, such as
sheets of securities or banknotes, checks, cards
and other similar objects, piled in a pack and com-
prising the following steps:

(a) loosening the pack of piled substrates;
(b) taking a first image of the edges of the piled
planar substrates on a first counting side of said
pack, said image being made of a two-dimen-
sional array of single image detectors arranged
in lines and columns;
(c) for each column of single image detectors
of said array, counting the number of edges of
substrates detected in each line of single image
detectors to obtain a counting value for each
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column;
(d) statistically treating the result obtained from
step (c) for determining which counting values
are obtained and how often;
(e) based on the statistical treatment, determin-
ing whether the counting is accurate.

2. Process as claimed in claim 1, wherein the statisti-
cal treatment comprises the following steps:

(d1) comparing the counting values obtained in
each column;
(d2) setting the result value of the counting to
the most frequently obtained value in step (c);
(d3) for each other value of number of edges
obtained in each other column, comparing the
number of occurrences of said other value with
respect to the result value obtained in step (d2).

3. Process as claimed in one of the preceding claims,
wherein step (a) is made by air under pressure.

4. Process as claimed in one of the preceding claims,
wherein said single image detectors are pixels.

5. Process as claimed in one of claims 2 to 4, wherein
in step (d2), if the result value is different than a pre-
determined value, determining the counting opera-
tion is not accurate.

6. Process as claimed in one of claims 2 to 5, wherein
in step (d3), if each other counting values obtained
occur more than a predetermined percentage with
respect to the most frequently obtained value, de-
termining the counting operation is not accurate.

7. Process as claimed in claim 6, wherein said prede-
termined percentage is 10 percent.

8. Process as claimed in one of the preceding claims,
wherein a second image is taken of said pile, said
image undergoing the steps defined in the preced-
ing claims.

9. Process as claimed in claim 8, wherein said second
image is taken on a second counting side of the pile.

10. Device for carrying out the process as defined in
one of the preceding claims, whereby said device
comprises at least a loosening device (7) for loos-
ening piles (1) of substrates, an imaging device (2)
for taking a picture of a counting side (3) of said pile
(1) and treatment means (10,11,12,13) to apply said
counting process and said statistical treatment to
the images and output means (14) to output the re-
sult of the counting process.

11. Device as claimed in claim 10, wherein said loos-

ening device is an air blowing means (7).

12. Device as claimed in claim 10 or 11, wherein said
imaging device is a CCD camera (2).

13. Device as claimed in one of claims 10 to 12, wherein
it further comprises illuminating means (8).

14. Device as claimed in one of claims 10 to 13, wherein
said treatment means comprise at least a computer
(9).

7 8



EP 1 473 665 A1

6



EP 1 473 665 A1

7



EP 1 473 665 A1

8



EP 1 473 665 A1

9



EP 1 473 665 A1

10


	bibliography
	description
	claims
	drawings
	search report

