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(54) Tape detector

(57) A device and a system for detecting a tape or a
piece of glue on a document and methods for detecting
a tape or a piece of glue on a document are described.
The device comprises at least one light source, at least
one light receiver and at least one light barrier. The at
least one light source is arranged on a first side of the at
least one light barrier and the at least one light receiver
is arranged on a second side of the at least one light
barrier opposite to the first side. The light barrier is con-
figured to come into contact with a document to prevent
or reduce light emitted from the light source on the first
side of the light barrier to be transmitted to the light re-
ceiver on the second side of the light barrier.
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Description

FIELD OF DISCLOSURE

[0001] This disclosure relates to a device and a system
for detecting a tape on a document and methods for de-
tecting a tape on a document. For the purpose of this
disclosure, the term document includes, but is not limited,
to a banknote, sheet, bill, coupon, security paper, cur-
rency, ticket, or any other flexible planar item of the same
nature.

BACKGROUND

[0002] Documents of any kind are used to pay for
goods. A rising number of goods, e.g. food, toys, medi-
cine, tickets and so forth are available at vending ma-
chines. The customer can pay at these vending machines
or at automatic cash out devices with documents, e.g.
bills, banknotes or coupons. The machines accepting the
documents for a transaction have to provide a high reli-
ability when validating the documents. There are several
reasons why inserted documents are not acceptable. In
case the documents are not acceptable, the machines
should reject the documents back to the user to avoid
financial loss for the company operating the machines.
For example, the documents could be counterfeits and
therefore not acceptable. Further, the documents could
be damaged or torn. Customers using vending machines
try to fix damaged or torn documents. Often glue or tapes,
in particular transparent tapes, are used to fix the dam-
aged or torn documents. These fixed documents might
have less or no value for the company operating the ma-
chines. The tapes used for fixing the documents can be
very thin (40-50mm) and the tape pieces can be as small
as 5 by 15 mm or even smaller. These factors have to
be considered when developing devices and systems for
document accepting machines that are capable of de-
tecting any kind of tapes, in particular transparent tapes,
applied to a valuable document. A device for detecting
such tapes on documents can avoid the acceptance of
damaged or torn documents. Such devices can be in-
cluded into document accepting machines. Therefore,
these devices should have a compact design and a high
reliability.

SUMMARY OF THE INVENTION

[0003] The present invention relates to a device for de-
tecting a tape on a document according to claim 1. Fur-
ther, the present invention relates to a system according
to claim 10, a cash validator according to claim 13, a
vending machine according to claim 14 and a method for
detecting a tape on a document according to claim 15.
[0004] The term tape as used in the present application
is not limited to a strip or piece of tape but can also be a
thin layer of glue or adhesive used to repair a document.
[0005] The device for detecting a tape on a document

of the present invention comprises at least one light
source, at least one light receiver and at least one light
barrier. The at least one light source is arranged on a
first side of the at least one light barrier, the at least one
light receiver is arranged on a second side of the at least
one light barrier opposite to the first side. The light barrier
is configured to come into contact with a document to
prevent or reduce light emitted from the light source on
the first side of the light barrier to be transmitted to the
light receiver on the second side of the light barrier. The
light source, the light barrier and the light detector of the
device are located on the same side of the document.
[0006] According to one aspect of the invention, the
device can be arranged so that when a piece of tape is
attached to a region of the document where the light bar-
rier is in contact with the document, an amount of light is
transmitted from the light source through the piece of
tape to the light receiver on the other side of the light
barrier. A light intensity detected by the light receiver
when a piece of tape is attached to a region of the doc-
ument where the light barrier is in contact with the doc-
ument can be at least 2 times, in particular at least 5
times higher than a light intensity detected when the doc-
ument does not have a piece of tape attached to the
region of the document where the light barrier is in contact
with the document. The light intensity detected when a
piece of tape is attached to the document can be between
2 and 100 times, between 5 and 50 times, in particular
between 10 and 25 times higher than the light intensity
detected without a tape on the document. The piece of
tape can have a thickness between 10 mm to 200 mm, in
particular between 20 mm and 100 mm, in particular be-
tween 30 mm and 60 mm The dimensions of the piece of
tape that can be detected by the device can be between
15 mm by 80 mm and 5 mm by 10 mm.
[0007] The device can further comprise a document
transport path and a transport means to forward the doc-
ument along the transport path. The document transport
path and the light barrier can be arranged so that the
document is forwarded along the document transport
path by the transport means and can come into contact
with the light barrier when passing the light barrier.
[0008] According to another aspect of the invention, a
plurality of light barriers can be arranged across a width
of a detection region and/or across a length of the detec-
tion region. The distance between respective of the plu-
rality of light barriers can be between 2 mm and 15 mm,
in particular between 4 mm and 8 mm, in particular be-
tween 5 mm and 7 mm. A plurality of light sources and
a plurality of light receivers can be arranged between the
plurality of light barriers. The plurality of light barriers can
be arranged to build at least three compartments and
one or more of either the plurality of light sources or the
plurality of light receivers can be arranged per compart-
ment. The light sources and the light receivers can be
arranged alternately in consecutive compartments. In
particular, when one or more light sources are arranged
in a first compartment then one or more light receivers
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are arranged in compartments adjacent to the first com-
partment or when one or more light receivers are ar-
ranged in the first compartment, one or more light sources
are arranged in the compartments adjacent to the first
compartment. Thus, the device can have compartments
having alternatively light sources or light receivers and
there are no compartments next to each other on the
same side of the document that have both a light source
or both a light receiver. This is advantageous as the light
from one light source can be detected by all the light
receivers arranged in the compartments adjacent to the
compartment with the light source. Hence, a compact
and efficient arrangement can be realized.
[0009] According to another aspect, at least a portion
of the one or more light barriers comprises a deformable
material, in particular, a portion coming into contact with
the document comprises the deformable material. A re-
maining portion of the one or more light barriers can com-
prise a different material with a higher module of elasticity
than the portion coming into contact with the document.
Alternatively or additional, one or more counter compo-
nents, arranged on the opposite side of the document,
can comprise a deformable material contacting the doc-
ument on a side of the document that is opposite to the
side of the document where the light barrier is in contact
with the document. The deformable material can be ap-
plied to either the one or more light barriers or the one
or more counter components. The deformable material
can also be applied to both, the one or more light barriers
and the one or more counter components. The deform-
able material can thus be in contact with the document
on either both sides of the document, or the deformable
material can be in contact with the document on one side
of the document and a material with a higher module of
elasticity, e.g. a solid material like solid plastic or a metal,
can be in contact with the document on the other side of
the document. The one or more counter components can
be configured as a transport means, e.g. a counter roller,
or as a support component, e.g. a support plate. The
deformable material can comprise at least one of rubber,
duromer, elastomer, or thermoplast. For example, the
deformable material can comprise Thermoplast® K man-
ufactured and sold by KRAIBURG TPE GmbH & Co. KG.
In particular Thermoplast® K TC5GPZ can be used. Us-
ing Thermoplast® K can have the advantage to produce
the light barriers in a single two compound handling man-
ufacturing process. Another example for a suitable ma-
terial is Polyurethane.
[0010] According to another aspect of the invention,
the one or more light barriers can have the shape of a
roller and the one or more rollers can be rotatable about
at least one axis. In this case, the portion of the roller that
can come into contact with the document and that can
comprise the deformable material can be an outer ring
portion of the one or more rollers. The outer ring portion
of the one or more rollers can deform when the one or
more light barriers come into contact with the document.
This can result in a contact area of each of the one or

more rollers on the document having a length between
2 mm and 8 mm, in particular between 3 mm and 7 mm,
in particular between 4 and 6 mm. Therefore, not only
the contact area between the one or more light barriers
and the document is increased, but also the light barrier
effect is enhanced. The light barrier can be arranged rel-
ative to the above described one or more counter com-
ponents so that a force or pressure between these com-
ponents is generated due to the deformation of the de-
formable material applied to either the one or more light
barriers or the one or more counter components on re-
spective sides of the document or to both of them. The
pressure between the one or more light barriers and the
document or rather the one or more counter components
depends on the module of elasticity of the deformable
material. The pressure can also be adapted by varying
the durometer of the deformable material. The document
can be arranged between the one or more light barriers
and the one or more counter components so that the
enlarged contact area of each of the one or more light
barriers is induced by the force or pressure between the
one or more light barriers and the one or more counter
components. Alternatively or additional, a force or pres-
sure between the one or more light barriers and the doc-
ument or rather the one or more counter components
can be applied by a mechanical mechanism like a resil-
ient member, a pneumatic actuator or a hydraulic actu-
ator. The additional mechanical mechanism can also be
used to adapt the device so that the device can be used
at once with a plurality of documents, e.g. a bundle of
documents.
[0011] The force generated between the one or more
light barriers and the document or rather the one or more
counter components when one or more light barriers are
in contact with the document can be a net force per light
barrier of between, e.g., 0,1 N and 25 N, between 0,2 N
and 10 N, in particular of between 0,5 N and 2 N. Alter-
natively, the force can be defined with respect to the
length of the contact area per light barrier. Referred there-
upon, a force between, e.g., 0,025 N/mm and 6,25 N/mm,
between 0,05 N/mm and 2,5 N/mm, in particular between
0,125 N/mm and 0,5 N/mm relative to a length of the
contact area of one of the one or more light barriers with
the document can be generated.
[0012] In an alternative embodiment the one or more
light barriers can have the shape of a polygon, and the
one or more polygons can be rotatable about at least one
axis.
[0013] For both embodiments, either equipped with
rollers or polygons, the at least one axis can be movable
in a direction perpendicular to the at least one axis. Fur-
ther, the polygons or rollers can be mounted to a me-
chanical mechanism like a resilient member, a pneumatic
cylinder or a hydraulic cylinder so that the polygons or
rollers can rotate about the at least one axis with an up
and down motion remaining in contact with the document
during a detection process. The mechanical mechanism
can be the same mechanism as described above with
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respect to the force or pressure applied to the light barrier
(s) and the document or rather the counter components.
[0014] According to another aspect of the invention,
the device can further comprise one or more covers ar-
ranged about the one or more light barriers to prevent
light from travelling around the light barrier.
[0015] In an alternative embodiment, the light barrier
can comprise a plurality of walls arranged perpendicular
to each other to form a grid of compartments. The grid
can have dimensions of between 50 mm by 100 mm to
90 mm by 180 mm.
[0016] As described above in more detail in combina-
tion with the embodiment equipped with rollers, the de-
formable material, when applied to the contacting areas
of the one or more light barriers in the shape of a polygon
or to the contacting areas of the light barrier in the shape
of a grid, also provides an increased area of contact be-
tween the light barriers and the document and thus an
increased light barrier effect.
[0017] According to another aspect of the invention,
the one or more light barriers of embodiments with the
rollers or the polygons or the walls forming the grid
shaped light barrier can have a width between 0,1 mm
to 4 mm, in particular between 0,3 mm and 2 mm, in
particular between 0,5 mm and 1 mm.
[0018] According to another aspect of the invention,
the one or more light sources can emit visible light, UV
light and/or IR light, preferably IR light. The one or more
light sources can emit light of wavelengths selected from
a range of 300 nm to 2000 nm, in particular from 500 nm
to 700 nm and/or from 700 nm to 2000 nm.
[0019] According to another aspect of the invention,
the device can further comprise a control unit comprising
a storage medium encoded with a computer program and
a data processing apparatus. The computer program can
comprise a software or a firmware. The computer pro-
gram can comprise instructions that when executed by
the data processing apparatus cause the control unit to
detected at least a minor amount of light emitted from
the one or more light sources at the one or more light
receivers although the one or more light barriers are in
contact with the document. The computer program can
further comprise instructions that when executed by the
data processing apparatus cause the control unit to adapt
an evaluation of a detected light intensity at the one or
more light receivers based on characteristics of the test-
ed document. The adaption of the detected light intensity
can be based on a color composition and/or an absorp-
tion pattern of the tested document. The computer pro-
gram can further comprise instructions that when exe-
cuted by the data processing apparatus cause the control
unit to normalize the detected light intensity based on a
color composition and/or an absorption pattern of the
tested document. The detected documents can comprise
patterns of a plurality of different colors or of only, e.g.,
two main colors. The device can normalize the detected
light intensity values based on the (known) composition
of areas of brighter color (e.g. white areas absorbing little

light) and areas of darker color (e.g. black areas, absorb-
ing much light) on the document stored in the storage
medium of the control unit. The computer program can
also comprise instructions that when executed by the da-
ta processing apparatus cause the control unit to adapt
a force for bringing the one or more light barriers into
contact with the document. The force can be adapted by
the above described mechanical mechanism. The force
can be adapted based on document properties. The doc-
ument properties can comprise one or more of document
material, document thickness, document size and docu-
ment condition. The document characteristics and/or
document properties can be stored in the storage medi-
um described above in combination with the control unit.
[0020] According to another aspect of the invention, a
system for detecting a tape on a document comprises at
least two of the devices for detecting a tape on a docu-
ment according to one of the above described embodi-
ments. The at least two devices can be arranged inverse-
ly on respective opposite sides of the tested documents.
The at least two devices can be arranged so that, when
one of the light sources of a first one of the at least two
devices is positioned on a first side of the document, one
of the light detectors of a second one of the at least two
devices is arranged at the same position at the opposite
side of the banknote. Alternatively, the at least two de-
vices can be arranged so that when one of the light sourc-
es of a first one of the at least two devices is positioned
on a first side of the document, one of the light sources
of a second one of the at least two devices is arranged
at the same position at the opposite side of the banknote.
Alternatively, a first one of the at least two devices can
be arranged at a first position on a first side of the doc-
ument path and a second one of the at least two devices
can be arranged at a second position on a second side
of the document path. The first position and the second
position can be different positions along the document
path. With such an arrangement, a top side and a bottom
side of the document are checked for tapes at different
positions within the system.
[0021] According to another aspect of the invention, a
cash validator comprises a system as described above.
[0022] According to another aspect of the invention, a
vending machine comprises a cash validator as de-
scribed above.
[0023] Another aspect of the present invention de-
scribes a method for detecting a tape on a document.
The method can be applied to any of the above described
embodiments of the device, to the system, to the cash
validator or to the vending machine. The method com-
prises the steps of:

First, a document is forwarded to a detection position
and brought into contact with at least one light barrier.
Then, light is emitted from at least one light source
arranged on a first side of the light barrier. The light
emitted from the at least one light source is detected
at at least one light receiver arranged on a second
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side of the light barrier opposite to the first side.
Based on the detected light intensity at the at least
one light receiver it is determined if a piece of tape
is attached to the document.

[0024] A plurality of light barriers can be arranged
across a width of a detection region and/or across a
length of the detection region. The distance between re-
spective of the plurality of light barriers can be between
2 mm and 15 mm, in particular between 4 mm and 8 mm,
in particular between 5 mm and 7 mm.
[0025] According to another aspect of the invention,
the method can comprise emitting light from a plurality
of light sources and receiving light at a plurality of light
receivers wherein the plurality of light sources and the
plurality of light receivers are arranged between the plu-
rality of light barriers. The plurality of light barriers can
be arranged to build at least three compartments and
one or more of either a light source or a light receiver can
be arranged per compartment. The light sources and the
light receivers can be arranged alternately in consecutive
compartments. This is advantageous as the light from
one light source can be detected by all light receivers
arranged in the compartments adjacent to the compart-
ment with the light source. Hence, an easy and reliable
method for detecting tapes on a document can be imple-
mented.
[0026] As described above, at least a portion of the
one or more light barriers can comprise a deformable
material, in particular, a portion coming into contact with
the document can comprise the deformable material to
provide a tight contact and an increased area of contact
between the one or more light barriers and the document
during the detection.
[0027] According to another aspect of the invention,
the one or more light barriers can have the shape of a
roller, and wherein the one or more rollers are rotatable
about at least one axis. As described above, a portion
coming into contact with the document and can comprise
a deformable material. In case of the light barriers having
the shape of a roller an outer ring portion of the one or
more rollers can comprise the deformable material. Fur-
ther, the outer ring portion of the one or more rollers can
deform when the one or more light barriers come into
contact with the document resulting in a contact area of
the one or more rollers on the document having a length
between 2 mm and 8 mm, in particular between 3 mm
and 7 mm, in particular between 4 and 6 mm.
[0028] According to another aspect of the invention,
the method can further comprise the step of applying a
force to bring the one or more light barriers into contact
with the document. The light barrier can be arranged rel-
ative to the above described one or more counter com-
ponents so that a force or pressure between these com-
ponents is generated due to the deformation of the de-
formable material applied to either the one or more light
barriers or the one or more counter components on re-
spective sides of the document or to both of them. The

pressure between the one or more light barriers and the
document or rather the one or more counter components
depends on the module of elasticity/durometer of the de-
formable material. During the detection process, the doc-
ument can be arranged between the one or more light
barriers and the one or more counter components so that
the enlarged contact area of each of the one or more light
barriers is induced by the force or pressure between the
one or more light barriers and the one or more counter
components. Alternatively or additional, a force or pres-
sure between the one or more light barriers and the doc-
ument or rather the one or more counter components
can be applied by a mechanical mechanism like a resil-
ient member, a pneumatic actuator or a hydraulic actu-
ator. The additional mechanical mechanism can also be
used in an additional step of the method for adapting the
device so that the device can be used at once with a
plurality of documents, e.g. a bundle of documents.
[0029] According to another aspect of the invention,
the method can comprise emitting visible light, UV light
and/or IR light, preferably IR light, and/or emitting light
of wavelengths selected from a range of 300 nm to 2000
nm, in particular from 500 nm to 700 nm and/or from 700
nm to 2000 nm.
[0030] The step of detecting can comprise detecting a
minor amount of light emitted from the one or more light
sources at the one or more light receivers although the
one or more light barriers are in contact with the docu-
ment.
[0031] According to another aspect of the invention,
the method can comprise the step of adapting the deter-
mining step based on characteristics of the tested doc-
ument. The step of adapting the determining step can be
based on a color composition and/or an absorption pat-
tern of the tested document. The method can further com-
prise the step of normalizing the detected light intensity
based on a color composition and/or an absorption pat-
tern of the tested document. The adaption of the deter-
mining step can be based on the normalized light intensity
values. As described in combination with the device, the
detected documents can comprise patterns of a plurality
of different colors or of only, e.g., two main colors. The
detected light intensity values can be normalized based
on the (known) composition of areas of brighter color
(e.g. white areas absorbing little light) and areas of darker
color (e.g. black areas, absorbing much light) on the doc-
ument stored in the storage medium of the control unit.
For example, prior to the process of detecting tapes on
the document, the denomination and/or currency of the
inserted document have been determined. The color
composition of the document is stored for each denom-
ination and/or currency in a storage medium and can now
be provided for the normalization of the light intensity
detected during the tape detection process.
[0032] According to another aspect of the invention,
the method can comprise the step of adapting a force for
bringing the one or more light barriers into contact with
the document. The force can be adapted based on doc-
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ument properties. The document properties can com-
prise one or more of document material, document thick-
ness, document size and document condition.
[0033] The method can further comprise the step of
receiving information about the document characteristics
and/or properties from a storage medium.
[0034] According to another aspect of the invention,
when the method is applied to a device having more than
one light source, or a system, or a cash validator having
more than one detection device arranged on one or both
sides of the document, the step of emitting light from the
one or more light sources can be adapted in accordance
with the arrangement of the light sources. The method
can be adapted so that only light sources arranged along
a line parallel to the longitudinal axis or the lateral axis
of the document emit light at the same time. The method
can be adapted so that only light sources arranged in
one compartment emit light at the same time. The method
can be adapted, so that light sources arranged at the
same position and on opposite sides of the document,
more particular above and below the document (facing
each other), do not emit light at the same time. The meth-
od can be adapted, so that light sources arranged on
opposite sides of the document, more particular above
and below the document, and on different sides of the
light barriers (not facing each other) do not emit light at
the same time.
[0035] These aspects, and how they are achieved, are
explained in the detailed description in combination with
the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

Figure 1 illustrates a document handling ap-
paratus, e.g., a vending machine.

Figure 2 illustrates a device for detecting a
tape on a document according to one
embodiment of the present invention.

Figures 3 and 4 illustrate further views of the device
according to one embodiment of the
present invention.

Figure 5 illustrates an example for a light bar-
rier according to one embodiment of
the present invention.

Figure 6 illustrates an example for a light bar-
rier according to one embodiment of
the present invention.

Figure 7 illustrates a light barrier in the form of
a polygon.

Figure 8 illustrates a light barrier in the form of
a grid.

DETAILED DESCRIPTION OF THE INVENTION

[0037] Fig. 1 shows a document acceptor assembly
100, for example for the use with a vending machine.

The acceptor assembly comprises a cash validator 101,
a cashbox 102, a loader/dispenser 103 and at least one
recycler module 104. The cash validator 101 comprises
an inlet slot 106. A document 107 is inserted into the
document acceptor assembly 100 via inlet/outlet slot 106
in direction of arrow A. The acceptor assembly further
comprises a spine 105 that interconnects the cash vali-
dator 101, the cashbox 102, the loader/dispenser 103
and the recycler module(s) 104. The spine is designed
to transport the accepted documents for storing in the
acceptor assembly or for transporting documents for dis-
pensing to the inlet/outlet 106.
[0038] The cash validator 101 comprises validation/
identification unit 300 and a tape detection system 200
comprising at least two tape detection devices. The val-
idation/identification unit 300 can be designed to deter-
mine if a genuine or counterfeit document is inserted
and/or the denomination/currency of the inserted docu-
ment.
[0039] Fig. 2a and Fig. 2b are sectional drawings of a
tape detection system 200. Fig. 2a shows a single tape
detection device of a tape detection system 200 arranged
on one side of the document 107 to be detected and a
counter component in form of a support plate 240 ar-
ranged on the opposite side of the document 107. Fig.
2b shows two tape detecting devices arranged in a mir-
rored fashion on both sides of the document 107. Re-
spective light barriers 230 of the two devices device act
as counter components for each other to clamp the doc-
ument to be detected. Each device comprises at least
one light source 210, at least one light receiver 220 and
at least one light barrier 230. The at least one light source
210 is arranged on a first side of the at least one light
barrier 230, the at least one light receiver 220 is arranged
on a second side of the at least one light barrier 230
opposite to the first side. The light barrier is configured
to come into contact with a document 107 to prevent or
reduce light emitted from the light source 210 on the first
side of the light barrier 230 to be transmitted to the light
receiver 220 on the second side of the light barrier. The
light source 210, the light barrier 230 and the light detec-
tor 220 of one device are arranged on the same side of
the document 107.
[0040] The device can be arranged so that when a
piece of tape is attached to a region of the document 107
where the light barrier 230 is in contact with the docu-
ment, an amount of light is transmitted from the light
source 210 through the piece of tape to the light receiver
220 on the other side of the light barrier. When a piece
of tape is attached to a region of the document 107 where
the light barrier 230 is in contact with the document 107
a light intensity detected by the light receiver 220, can
be at least 2 times, in particular at least 5 times higher
than a light intensity detected when the document 107
does not have a piece of tape attached to the region of
the document 107 where the light barrier 230 is in contact
with the document 107. The light intensity detected when
a piece of tape is attached to the document 107 can be

9 10 



EP 2 713 344 A1

7

5

10

15

20

25

30

35

40

45

50

55

between 2 and 100 times, between 5 and 50 times, in
particular between 10 and 25 times higher than the light
intensity detected without a piece of tape attached to the
document 107. The piece of tape can have a thickness
between 10 mm to 200 mm, in particular between 20 mm
and 100 mm, in particular between 30 mm and 60 um The
dimensions of the piece of tape that can be detected by
the device can be between 15 mm by 80 mm and 5 mm
by 10 mm.
[0041] The device further comprises a document trans-
port path and a transport means to forward the document
107 along the transport path. The document transport
path and the light barrier 230 can be arranged so that
the document 107, when forwarded along the document
transport path by the transport means, comes into con-
tact with the light barrier 230 when passing the light bar-
rier 230. Examples for a transport means are a transport
belt/film or transport rollers.
[0042] In some embodiments, as shown in Fig. 2c, a
plurality of light barriers 230 is arranged across a width
of a detection region and/or across a length of the detec-
tion region. The distance between respective of the plu-
rality of light barriers 230 can be between 2 mm and 15
mm, in particular between 4 mm and 8 mm, in particular
between 5 mm and 7 mm. A plurality of light sources 210
and a plurality of light receivers 220 are arranged be-
tween the plurality of light barriers 230. The plurality of
light barriers 230 are arranged to build at least three com-
partments and one or more of either the plurality of light
sources 210 or the plurality of light receivers 220 are
arranged per compartment. The light sources 210 and
the light receivers 220 are arranged alternately in con-
secutive compartments. In particular, when one or more
light sources 210 are arranged in a first compartment
then one or more light receivers 220 are arranged in com-
partments adjacent to the first compartment or when one
or more light receivers 220 are arranged in the first com-
partment, one or more light sources 220 are arranged in
the compartments adjacent to the first compartment.
Thus, the device has compartments having alternatively
one or more light sources 210 or one or more light re-
ceivers 220 and there are no compartments next to each
other on the same side of the document 107 that have
both a light source 210 or both a light receiver 220. This
is advantageous as the light from one light source 210
can be detected by all light receivers 220 arranged in the
compartments adjacent to the compartment with the light
source 210. Hence, a compact and efficient arrangement
can be realized. Fig. 2d shows an example for system
200 with plurality of light sources 210 and light receivers
220 on both sides of the document. As shown in Fig. 2d,
the light detectors 220 are arranged at the same positions
as the light sources 210 on respective opposite sides of
the document 107. In an alternative embodiment, the light
sources 210 and light receivers 220 are arranged so that
light sources 210 and light receivers 220 face each other
on respective opposite sides of the document 107.
[0043] At least a portion 250 of the one or more light

barriers 230 comprises a deformable material, in partic-
ular, a portion 250 coming into contact with the document
107 comprises the deformable material (see Fig. 2a and
Fig. 3). The remaining portion of the one or more light
barriers 230 can comprise a different material with a high-
er module of elasticity than the portion coming into con-
tact with the document 107. Alternatively or additional,
one or more counter components (e.g. support plate
240), arranged on the opposite side of the document (see
Fig. 2a, 2c), comprise a deformable material contacting
the document 107 on the opposite side as the light barrier
230. The deformable material is applied to either the one
or more light barriers 230 or the one or more counter
components. In an alternative embodiment, the deform-
able material is applied to both, the one or more light
barriers 230 and the one or more counter components.
The deformable material is thus either in contact with the
document 107 on both sides of the document 107, or the
deformable material is in contact with the document 107
on one side of the document 107 and a material with a
higher module of elasticity, e.g. a solid material like solid
plastic or a metal, is contact with the document 107 on
the other side of the document 107. The one or more
counter components can be designed as a transport
means, e.g a counter roller (for example a light barrier of
another device arranged opposite of the document 107,
Fig. 2b, 2d), or as a support component (e.g., support
plate 240). The deformable material can comprise at
least one of rubber, duromer, elastomer, or thermoplast.
For example, the deformable material can comprise
Thermoplast® K manufactured and sold by KRAIBURG
TPE GmbH & Co. KG. In particular Thermoplast® K
TC5GPZ can be used. Using Thermoplast® K can have
the advantage to produce the light barriers in a single
two compound handling manufacturing process, e.g., a
molding process. Hence, the manufacturing process of
the device is simplified and the number of parts to be
assembled is reduced. Another example for a suitable
material is Polyurethane, e.g., polyurethane
0-9190/MED 55 Shore A (tested according to ASTM
D2240 - 05(2010) "Standard Test Method for Rubber
Property-Durometer Hardness"; ASTM International,
West Conshohocken, PA, 2003, DOI:
10.1520/D2240-05R10).
[0044] Fig. 2 to 4 show embodiments of the invention
wherein the one or more light barriers 230 have the shape
of a roller and the one or more rollers are rotatable about
at least one axis 260 (see Fig. 2a). The portion of the
roller that comes into contact with the document 107 and
that comprises the deformable material is an outer ring
portion 250 of the one or more rollers (see Fig. 2a and
Fig. 3). The outer ring portion 250 of the one or more
rollers deforms when the one or more light barriers 230
come into contact with the document. This results in a
contact area of each of the one or more rollers on the
document having a length between 2 mm and 8 mm, in
particular between 3 mm and 7 mm, in particular between
4 and 6 mm. Therefore, not only the contact area between
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the one or more light barriers 230, e.g. the rollers as
shown, and the document is increased, but also the light
barrier effect is enhanced. The light barriers are arranged
relative to the one or more counter components (e.g. sup-
port plate 240) so that a force or pressure between these
components is generated due to the deformation of the
deformable material applied to either or both of the one
or more of light barriers 230 and the one or more counter
components on respective sides of the document 107.
For the embodiments shown in Fig. 2a and Fig. 2c, this
is achieved by having a distance between the axis of the
rollers and the counter component that is less than the
radius of the rollers. For the embodiment shown in Fig.
2b and Fig. 2d the distance between the axes of the
rollers of respective sides of the document is less than
twice the radius of the rollers. The pressure between the
one or more light barriers 230 and the document 107 or
rather the one or more counter components depends on
the module of elasticity of the deformable material. The
pressure can also be adapted by varying the durometer
of the deformable material. As shown in Fig. 2 to 4, the
document is clamped between the one or more light bar-
riers 230 and the one or more counter components so
that the enlarged contact area of each of the one or more
light barriers 230 with the document 107 is induced by
the force or pressure between the one or more light bar-
riers 230 and the one or more counter components.
[0045] Alternatively or additional, a force or pressure
between the one or more light barriers 230 and the doc-
ument or rather the one or more counter components is
applied by a mechanical mechanism like a resilient mem-
ber, a pneumatic actuator or a hydraulic actuator (not
shown). The additional mechanical mechanism can also
be used to adapt the device so that the device can be
used at once with a plurality of documents, e.g. a bundle
of documents.
[0046] The force applied between the one or more light
barriers 230 and the document 107 or the counter com-
ponents is dependent on a plurality of factors. For exam-
ple, the wear resistance of the deformable material can
differ, the contact surface can vary and the document
107 characteristics and condition can alter the resulting
force. Generally, the force generated between the one
or more light barriers 230 and the document 107 or rather
the one or more counter components when one or more
light barriers 230 are in contact with the document 107
can be a net force per light barrier of between, e.g., 0,1
N and 25 N, between 0,2 N and 10 N, in particular of
between 0,5 N and 2 N. Alternatively, the force can be
defined with respect to the length of the contact area per
light barrier. Referred thereupon, a force between, e.g.,
0,025 N/mm and 6,25 N/mm, between 0,05 N/mm and
2,5 N/mm, in particular between 0,125 N/mm and 0,5
N/mm relative to a length of the contact area of one of
the one or more light barriers 230 with the document 107
can be generated.
[0047] In an alternative embodiment, as shown in Fig.
5, the one or more light barriers 530 have the shape of

a polygon, and the one or more polygons can be rotatable
about at least one axis 560.
[0048] For both embodiments, either with rollers or pol-
ygons, the at least one axis can be movable (see arrow
B in Fig. 5) in a direction perpendicular to the at least
one axis 560 (260 in Fig. 2a). Further, the polygons 560
or rollers 230 can be mounted to a mechanical mecha-
nism like a resilient member (schematically shown in Fig.
5), a pneumatic cylinder or a hydraulic cylinder so that
the polygons or rollers can rotate about the at least one
axis 560, 260 with an up and down motion remaining in
contact with the document 107 during a detection proc-
ess. The mechanical mechanism can be the same as
described above with respect to the force or pressure
applied to the light barriers 230 and the document 107
or rather the counter components.
[0049] In some embodiments (see Fig. 3) the device
further comprises one or more covers 270 arranged
about the one or more light barriers 230 to prevent light
from travelling around the light barriers 230. The covers
270 are designed and mounted to the device so that they
enclose the light sources 210 and adjoin the light barriers
230 leaving only a minimal gap between the light barriers
230 and the covers 270 so that the light emitted from the
light sources 210 cannot travel around the light barriers
230 and thus cannot be wrongly detected by the light
receivers 220 on the other side of the light barriers 230.
The covers 270 can increase the reliability of the system,
as less unwanted light travels to and is detected by the
light receivers 220 if no tape is attached to the document.
[0050] Fig. 6 shows the light barrier 600 of an alterna-
tive embodiment. The light barrier 600 comprises a plu-
rality of walls 630 arranged perpendicular to each other
to form a grid of compartments 640. The grid has a size
so that it can cover the entire document 107 that has to
be checked. As the document 107 size can vary depend-
ing on the field of operation and the country of operation,
the grid can have dimensions of between 50 mm by 100
mm to 90 mm by 180 mm. As shown in Fig. 6, the light
sources 610 and light receivers 620 are arranged within
the compartments 640 of the light barrier 600 in an alter-
nating pattern. Therefore, the light emitted by one light
source 610 can be detected by four light receivers 620
arranged in compartments 640 surrounding the compart-
ment 640 with the light source 610. During the detection
process, the document 107 is conveyed, e.g. along the
document path indicated by arrow C, to a position below
the grid. Then, the grid is lowered in the direction of arrow
D and brought into contact with document 107. Now, the
device can simultaneously detect for the entire document
107 whether a tape is attached to the document 107 by
emitting light from the plurality of light sources 610 and
determining if a tape guides light from a compartment
with a light source 610 underneath one of the walls 630
to a compartment with a light receiver 620. As already
described in more detail above, the determination if a
tape is attached to the document 107 is based on the
light intensity detected at the light receivers 620.
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[0051] As described above in more detail in combina-
tion with the embodiment comprising rollers as light bar-
riers, the deformable material, when applied to the con-
tacting areas of the one or more light barriers having the
shape of a polygon or to the contacting areas of the light
barrier in the shape of a grid, also provides an increased
area of contact between the light barrier(s) and the doc-
ument and thus an increased light barrier effect. Fig. 5
shows a polygon comprising a region 550 with a deform-
able material. Fig. 6 shows the embodiment of the de-
tection device with the grid defining a plurality of com-
partments and comprising a region 650 of a deformable
material at the bottom of the plurality of walls 630 forming
the grid to increase the light barrier effect.
[0052] The one or more light barriers in the shape of a
roller 230 or a polygon 530 or the walls 630 forming the
grid 600 have a width between 0,1 mm to 4 mm, in par-
ticular between 0,3 mm and 2 mm, in particular between
0,5 mm and 1 mm.
[0053] The one or more light sources 210, 610 emit
visible light, UV light and/or IR light. Preferably IR light
is emitted. The one or more light sources 210, 610 emit
light of wavelengths selected from the range of 300 nm
to 2000 nm, in particular from 500 nm to 700 nm and/or
from 700 nm to 2000 nm.
[0054] In some embodiments, the device further com-
prises a control unit. The control unit may comprise a
storage medium encoded with a computer program and
a data processing apparatus. The computer program can
comprise a software or a firmware. The computer pro-
gram can comprise instructions that when executed by
the data processing apparatus cause the control unit to
detected at least a minor amount of light emitted from
the one or more light sources 210, 610 at the one or more
light receivers 220, 620 although the one or more light
barriers are in contact with the document.
[0055] In some embodiments, the computer program
further comprises instructions that when executed by the
data processing apparatus cause the control unit to adapt
an evaluation of a detected light intensity at the one or
more light receivers 220, 620 based on characteristics
of the tested document 107. The adaption of the detected
light intensity can be based on a color composition and/or
an absorption pattern of the tested document 107. Addi-
tionally, the computer program can comprise instructions
that when executed by the data processing apparatus
cause the control unit to normalize the detected light in-
tensity based on a color composition and/or an absorp-
tion pattern of the tested document 107. The detected
documents 107 can have patterns of a plurality of differ-
ent colors or of only, e.g., two main colors. The device
can normalize the detected light intensity values based
on the (known) composition of areas of brighter color
(e.g. white areas absorbing little light) and areas of darker
color (e.g. black areas, absorbing much light) on the doc-
ument stored in the storage medium of the control unit.
[0056] In some embodiments, the computer program
comprises instructions that when executed by the data

processing apparatus cause the control unit to adapt a
force for bringing the one or more light barriers into con-
tact with the document 107. The force is adapted by the
above described mechanical mechanism. The force can
be adapted based on document properties. The docu-
ment properties can comprise one or more of document
material, document thickness, document size and docu-
ment condition (creasing and dirt). The document char-
acteristics and/or document properties can be stored for
usage in the storage medium described above in com-
bination with the control unit.
[0057] As shown in Fig. 2b and 2d a system 200 for
detecting a tape on a document comprises at least two
of the devices for detecting a tape as described in detail
above. The at least two devices are arranged inversely
on respective opposite sides of the tested documents.
The at least two devices can be arranged so that, when
one of the light sources of a first one of the at least two
devices is positioned on a first side of the document, one
of the light detectors of a second one of the at least two
devices is arranged at the same position at the opposite
side of the banknote (as shown in Fig. 2d). Alternatively,
the at least two devices can be arranged so that when
one of the light sources of a first one of the at least two
devices is positioned on a first side of the document, one
of the light sources of a second one of the at least two
devices is arranged at the same position at the opposite
side of the banknote (not shown).
[0058] Following, a method is described for detecting
a tape on a document with, e.g. a vending machine com-
prising an embodiment of the above described device.
For illustrative reasons, the method is described with re-
lation to the embodiments shown in Fig. 2 to Fig. 4. How-
ever, the same method is applicable for the alternative
light barrier designs shown in Fig. 5 and Fig. 6.
[0059] First, a document 107 is forwarded to a detec-
tion position and brought into contact with at least one
light barrier 230. Then, light is emitted from at least one
light source 210 arranged on a first side of the light barrier
230. The light emitted from the at least one light source
210 is detected at at least one light receiver 220 arranged
on a second side of the light barrier 230 opposite to the
first side. Based on the detected light intensity at the at
least one light receiver 220 it is determined if a piece of
tape is attached to the document 107.
[0060] The light intensity detected by the light receiver
220 when a piece of tape is attached to a region of the
document 107 where the light barrier 230 is in contact
with the document 107 can be at least 2 times, in partic-
ular at least 5 times higher than a light intensity detected
when the document 107 does not have a piece of tape
attached to the region of the document 107 where the
light barrier 230 is in contact with the document 107. To
forward the document 107 to the detection position, the
document is conveyed by a transport means along a doc-
ument transport path. In some embodiments, the docu-
ment transport path and the light barriers 230 are ar-
ranged so that the document, when forwarded along the
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document transport path by the transport means comes
into contact with the light barrier when passing the light
barrier.
[0061] In some embodiments of the device, a plurality
of light barriers 230 is arranged across a width of a de-
tection region and/or across a length of the detection re-
gion. The distance between respective of the plurality of
light barriers is between 2 mm and 15 mm, in particular
between 4 mm and 8 mm, in particular between 5 mm
and 7 mm.
[0062] For these embodiments, the method further
comprises emitting light from a plurality of light sources
210 and receiving light at a plurality of light receivers 220
wherein the plurality of light sources 210 and the plurality
of light receivers 220 are arranged between the plurality
of light barriers 230. The plurality of light barriers 230 are
arranged to build at least three compartments and one
or more of either a light source 210 or a light receiver 220
is arranged per compartment. The light sources 210 and
the light receivers 220 are arranged alternately in con-
secutive compartments. Further details and advantages
of the arrangement of the light sources 210 and light re-
ceivers 220 with respect to the light barriers 230 are de-
scribed above in combination with the device.
[0063] As described above, at least a portion 250 of
the one or more light barriers 230 of some of the embod-
iments comprises a deformable material, in particular,
the portion 250 coming into contact with the document
107 comprises the deformable material to provide a tight
contact and an increased contact area between the one
or more light barriers 230 and the document 107 during
the detection process.
[0064] In case of the light barriers 230 having the shape
of a roller an outer ring portion of the one or more rollers
comprise the deformable material. During the detection
process, the outer ring portion of the one or more rollers
deforms when the one or more light barriers/rollers 230
come into contact with the document resulting in a contact
area of the one or more rollers on the document having
a length between 2 mm and 8 mm, in particular between
3 mm and 7 mm, in particular between 4 and 6 mm.
[0065] In some embodiment, the method further com-
prises the step of applying a force to bring the one or
more light barriers into contact with the document. As
described in more detail above, the light barriers 230 are
arranged relative to the above described one or more
counter components so that a force or pressure between
these components is generated due to the deformation
of the deformable material. Alternatively or additional, a
force or pressure between the one or more light barriers
230 and the document or rather the one or more counter
components is applied by the above discussed mechan-
ical mechanism.
[0066] In some embodiments, the method comprises
the step of adapting the device so that the device can be
used at once with a plurality of documents, e.g. a bundle
of documents. The mechanical mechanism can be used
for this additional step.

[0067] In some embodiments, the method comprises
the step of emitting visible light, UV light and/or IR light,
preferably IR light and /or emitting light of wavelengths
selected from the range of 300 nm to 2000 nm, in partic-
ular from 500 nm to 700 nm and/or from 700 nm to 2000
nm.
[0068] In some embodiments, the step of detecting
comprises detecting a minor amount of light emitted from
the one or more light sources 210 at the one or more light
receivers 220 although the one or more light barriers 230
are in contact with the document.
[0069] In some embodiments, the method further com-
prises the step of adapting the determining step based
on characteristics of the tested document 107. The step
of adapting the determining step is based on a color com-
position and/or an absorption pattern of the tested doc-
ument 107. Additionally or alternatively, the method fur-
ther comprises the step of normalizing the detected light
intensity based on the color composition and/or the ab-
sorption pattern of the tested document. The adaption of
the determining step can thus be based on the normal-
ized light intensity values. As described in combination
with the device, the detected documents 107 comprise
patterns of a plurality of different colors or of only, e.g.,
two main colors. The detected light intensity values are
normalized based on the (known) composition of areas
of brighter color (e.g. white areas absorbing little light)
and areas of darker color (e.g. black areas, absorbing
much light) on the document stored in the storage medi-
um of the control unit. For example, prior to the process
of detecting tapes on the document, the denomination
and/or currency of the inserted document have been de-
termined. The color composition of the document is
stored for each denomination and/or currency in a stor-
age medium and can now be provided for the normali-
zation of the light intensity detected during the tape de-
tection process.
[0070] In some embodiments, the method comprises
the step of adapting a force for bringing the one or more
light barriers 230 into contact with the document 107.
The force may be adapted based on document proper-
ties. The document properties comprise one or more of
document material, document thickness, document size
and document condition.
[0071] In some embodiments, the method further com-
prises the step of receiving information about the docu-
ment characteristics and/or properties from a storage
medium.
[0072] As briefly described above, the method can also
be applied to a device having more than one light source
230, or a system 200, or a cash validator 101 having
more than one detection device arranged on one or both
sides of the document 107. The step of emitting light from
the one or more light sources 210 is adapted in accord-
ance with the arrangement of the light sources 210. In
some embodiments, the method is adapted so that only
light sources 210 arranged along a line parallel to the
longitudinal axis or the lateral axis of the document 107
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emit light at the same time. In alternative embodiments,
the method is adapted so that only light sources 210 ar-
ranged in one compartment emit light at the same time.
Alternatively or additionally, the method is adapted, so
that light sources arranged at the same position and on
opposite sides of the document 107, more particular
above and below the document (facing each other), do
not emit light at the same time. Alternatively, the method
is adapted, so that light sources arranged on opposite
sides of the document, more particular above and below
the document, and on different sides of the light barriers
(not facing each other) do not emit light at the same time.
[0073] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing
from the scope if the invention.
[0074] Although the present invention is defined in the
attached claims, it is to be understood that the invention
can alternatively also be defined in accordance with the
following embodiments:

1. A device for detecting a tape on a document, the
device comprising:

at least one light source;
at least one light receiver; and
at least one light barrier,
wherein the at least one light source is arranged
on a first side of the at least one light barrier, the
at least one light receiver is arranged on a sec-
ond side of the at least one light barrier opposite
to the first side, and
wherein the light barrier is configured to come
into contact with a document to prevent or re-
duce light emitted from the light source on the
first side of the light barrier to be transmitted to
the light receiver on the second side of the light
barrier.

2. The device according to embodiment 1 wherein,
when a piece of tape is attached to a region of the
document where the light barrier is in contact with
the document, an amount of light is transmitted from
the light source through the piece of tape to the light
receiver.

3. The device according to embodiment 1 or embod-
iment 2, wherein a light intensity detected by the light
receiver, when a piece of tape is attached to a region
of the document where the light barrier is in contact
with the document, is at least 2 times, in particular
at least 5 times higher than a light intensity detected
when the document does not have a piece of tape
attached to the region of the document where the
light barrier is in contact with the document.

4. The device according to embodiment 2 or embod-
iment 3, wherein the piece of tape has a thickness

between 10 mm to 200 mm, in particular between 20
mm and 100 mm, in particular between 30 mm and
60 mm.

5. The device according to anyone of the preceding
embodiments further comprising a document trans-
port path and a transport means to forward the doc-
ument along the transport path.

6. The device according to embodiment 5, wherein
the document transport path and the light barrier are
arranged so that the document is forwarded along
the document transport path by the transport means
and comes into contact with the light barrier when
passing the light barrier.

7. The device according to anyone of the preceding
embodiments wherein a plurality of light barriers is
arranged across a width of a detection region and/or
across a length of the detection region.

8. The device according to embodiment 7, wherein
the distance between respective of the plurality of
light barriers is between 2 mm and 15 mm, in partic-
ular between 4 mm and 8 mm, in particular between
5 mm and 7 mm.

9. The device according to one of the embodiments
7 to 8, wherein a plurality of light sources and a plu-
rality of light receivers are arranged between the plu-
rality of light barriers.

10. The device according to embodiment 9, wherein
the plurality of light barriers is arranged to build at
least three compartments and wherein one or more
of either the plurality of light sources or the plurality
of light receivers are arranged per compartment.

11. The device according to embodiment 10, wherein
the light sources and the light receivers are arranged
alternately in consecutive compartments.

12. The device according to embodiment 10 or 11,
wherein, when one or more light sources are ar-
ranged in a first compartment, one or more light re-
ceivers are arranged in compartments adjacent to
the first compartment, and wherein, when one or
more light receivers are arranged in the first com-
partment, one or more light sources are arranged in
the compartments adjacent to the first compartment.

13. The device according to anyone of the preceding
embodiments, wherein at least a portion of the one
or more light barriers comprises a deformable ma-
terial, in particular, wherein a portion coming into
contact with the document comprises the deforma-
ble material.
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14. The device according to embodiment 13, wherein
a remaining portion of the one or more light barriers
comprises a different material with a higher module
of elasticity than the portion coming into contact with
the document.

15. The device according to anyone of the preceding
embodiments, wherein the one or more light barriers
have the shape of a roller, and wherein the one or
more rollers are rotatable about at least one axis.

16. The device according to embodiment 15 in com-
bination with one of the embodiments 13 to 14,
wherein the portion coming into contact with the doc-
ument and comprising the deformable material is an
outer ring portion of the one or more rollers.

17. The device according to embodiment 16, wherein
the outer ring portion of the one or more rollers de-
forms when the one or more light barriers come into
contact with the document resulting in a contact area
of each of the one or more rollers on the document
having a length between 2 mm and 8 mm, in partic-
ular between 3 mm and 7 mm, in particular between
4 and 6 mm.

18. The device according to one of the embodiments
1 to 14, wherein the one or more light barriers have
the shape of a polygon, and wherein the one or more
polygons are rotatable about at least one axis.

19. The device according to one of the embodiments
15 to 18, wherein the at least one axis is movable in
a direction perpendicular to the at least one axis and
wherein the polygon(s) or roller(s) is further mounted
to a resilient member so that the polygon(s) or roller
(s) can rotate about the at least one axis with an up
and down motion remaining in contact with the doc-
ument during a detection process.

20. The device according to anyone of the preceding
embodiments, further comprising one or more cov-
ers arranged about the one or more light barriers to
prevent light from travelling around the light barrier.

21. The device according one of the embodiments
1 to 14, wherein the light barrier comprises a plurality
of walls arranged perpendicular to each other to form
a grid of compartments.

22. The device according to embodiment 21, wherein
the grid has dimensions of between 50 mm by 100
mm to 90 mm by 180 mm.

23. The device according to anyone of the preceding
embodiments wherein the one or more light barriers
have a width between 0,1 mm to 4 mm, in particular
between 0,3 mm and 2 mm, in particular between

0,5 mm and 1 mm.

24. The device according to anyone of the preceding
embodiments wherein a force or a pressure is gen-
erated between the one or more light barriers and
the document when the light barriers are brought into
contact with the document.

25. The device according to anyone of the preceding
embodiments wherein the light barrier is pressed on
the document when brought into contact with the
document with a net force per light barrier of between
0,1 N and 25 N, between 0,2 N and 10 N, in particular
of between 0,5 N and 2 N.

26. The device according to anyone of the preceding
embodiments wherein the light barrier is pressed on
the document when brought into contact with the
document with a force between 0,025 N/mm and
6,25 N/mm, between 0,05 N/mm and 2,5 N/mm, in
particular between 0,125 N/mm and 0,5 N/mm rela-
tive to a length of the contact area of one of the one
or more light barriers with the document.

27. The device according to anyone of the preceding
embodiments wherein the one or more light sources
emit visible light, UV light and/or IR light, preferably
IR light.

28. The device according to anyone of the preceding
embodiments wherein the one or more light sources
emit light of wavelengths in a range from 300 nm to
2000 nm, in particular from 500 nm to 700 nm and/or
from 700 nm to 2000 nm.

29. The device according to anyone of the preceding
embodiments further comprising a control unit com-
prising a storage medium encoded with a computer
program and a data processing apparatus.

30. The device according to embodiment 29, wherein
the computer program comprises a software or a
firmware.

31. The device according to embodiment 29 or em-
bodiment 30, wherein the computer program com-
prises instructions that when executed by the data
processing apparatus cause the control unit to de-
tected at least a minor amount of light emitted from
the one or more light sources at the one or more light
receivers although the one or more light barriers are
in contact with the document.

32. The device according to one of the embodiments
29 to 31, wherein the computer program comprises
instructions that when executed by the data process-
ing apparatus cause the control unit to adapt an eval-
uation of a detected light intensity at the one or more
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light receivers based on characteristics of the tested
document.

33. The device according to embodiment 32, wherein
the adaption of the detected light intensity is based
on a color composition and/or an absorption pattern
of the tested document.

34. The device according to embodiment 32, wherein
the computer program comprises instructions that
when executed by the data processing apparatus
cause the control unit to normalize the detected light
intensity based on a color composition and/or an ab-
sorption pattern of the tested document.

35. The device according to one of the embodiments
30 to 34, wherein the computer program comprises
instructions that when executed by the data process-
ing apparatus cause the control unit to adapt a force
for bringing the one or more light barriers into contact
with the document.

36. The device according to embodiment 35, wherein
the force is adapted based on document properties.

37. The device according to embodiment 36, wherein
the document properties comprise one or more of
document material, document thickness, document
size and document condition.

38. The device according one of the embodiments
32 to 37, wherein the document characteristics
and/or document properties are stored in the storage
medium.

39. A system for detecting a tape on a document,
the system comprising at least two devices for de-
tecting a tape on a document according to one of the
preceding embodiments.

40. The system according to embodiment 39, where-
in the at least two devices are arranged inversely on
respective opposite sides of the tested documents
at same positions along the document path.

41. The system according to embodiment 39 or 40,
wherein the at least two devices are arranged so that
when one of the light sources of a first one of the at
least two devices is positioned on a first side of the
document, one of the light detectors of a second one
of the at least two devices is arranged at the same
position at the opposite side of the banknote.

42. The system according to embodiment 39 or 40,
wherein the at least two devices are arranged so that
when one of the light sources of a first one of the at
least two devices is positioned on a first side of the
document, one of the light sources of a second one

of the at least two devices is arranged at the same
position at the opposite side of the banknote.

43. The system according to embodiment 39, where-
in the at least two devices are arranged inversely on
respective opposite sides of the tested documents
at different positions along the document path.

44. A cash validator comprising at least one device
according to one of the embodiments 1 to 38 or a
system according to one of the embodiments 39 to
43.

45. A vending machine comprising a cash validator
according to embodiment 44.

46. A method for detecting a tape on a document
comprising the steps of:

forwarding the document to a detection position
and bringing at least one light barrier into contact
with the document;
emitting light from at least one light source ar-
ranged on a first side of the light barrier;
detecting the light emitted from the at least one
light source at at least one light receiver ar-
ranged on a second side of the light barrier op-
posite to the first side;
determining based on the detected light intensity
at the at least one light receiver if a piece of tape
is attached to the document.

47. The method according to embodiment 46, where-
in a light intensity detected by the light receiver, when
a piece of tape is attached to a region of the docu-
ment where the light barrier is in contact with the
document, is at least 2 times, in particular at least 5
times higher than a light intensity detected when the
document does not have a piece of tape attached to
the region of the document where the light barrier is
in contact with the document.

48. The method according to embodiment 46 or em-
bodiment 47 wherein the document is forwarded by
a transport means along a document transport path.

49. The method according to anyone of the embod-
iments 46 to 48, wherein a plurality of light barriers
is arranged across a width of a detection region
and/or across a length of the detection region.

50. The method according to embodiment 49, where-
in the distance between respective of the plurality of
light barriers is between 2 mm and 15 mm, in partic-
ular between 4 mm and 8 mm, in particular between
5 mm and 7 mm.

51. The method according to embodiment 49 or em-
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bodiment 50, further comprising emitting light from
a plurality of light sources and receiving light at a
plurality of light receivers wherein the plurality of light
sources and the plurality of light receivers are ar-
ranged between the plurality of light barriers.

52. The method according to anyone of the preced-
ing embodiments, wherein at least a portion of the
one or more light barriers comprises a deformable
material, in particular, wherein a portion coming into
contact with the document comprises the deforma-
ble material.

53. The method according to embodiment 52, where-
in a remaining portion of the one or more light barriers
comprises a different material with a higher module
of elasticity than the portion coming into contact with
the document.

54. The method according to anyone of the preced-
ing embodiments, wherein the one or more light bar-
riers have the shape of a roller, and wherein the one
or more rollers are rotatable about at least one axis.

55. The method according to embodiment 54 in com-
bination with one of the embodiments 52 to 53,
wherein the portion coming into contact with the doc-
ument and comprising the deformable material is an
outer ring portion of the one or more rollers.

56. The method according to embodiment 55, where-
in the outer ring portion of the one or more rollers
deforms when the one or more light barriers come
into contact with the document resulting in a contact
area of the one or more rollers on the document hav-
ing a length between 2 mm and 8 mm, in particular
between 3 mm and 7 mm, in particular between 4
and 6 mm.

57. The method according to one of the embodi-
ments 46 to 53, wherein the one or more light barriers
have the shape of a polygon, and wherein the one
or more polygons are rotatable about at least one
axis.

58. The method according to one of the embodi-
ments 54 to 57, wherein the at least one axis is mov-
able in a direction perpendicular to the at least one
axis and wherein the polygon or roller is further
mounted to a resilient member so that the polygon
or roller can rotate about the at least one axis with
an up and down motion remaining in contact with the
document during a detection process.

59. The method according to anyone of the preced-
ing embodiments wherein the one or more light bar-
riers have a width between 0,1 mm to 4 mm, in par-
ticular between 0,3 mm and 2 mm, in particular be-

tween 0,5 mm and 1 mm.

60. The method according to anyone of the preced-
ing embodiments further comprising the step of ap-
plying a force to bring the one or more light barriers
into contact with the document.

61. The method according to anyone of the preced-
ing embodiments wherein the one or more light
sources emit visible light, UV light and/or IR light,
preferably IR light.

62. The method according to anyone of the preced-
ing embodiments wherein the one or more light
sources emit light of wavelengths in a range from
300 nm to 2000 nm, in particular from 500 nm to 700
nm and/or from 700 nm to 2000 nm.

63. The method according to anyone of the preced-
ing embodiments, wherein the step of detecting com-
prises detecting a minor amount of light emitted from
the one or more light sources at the one or more light
receivers although the one or more light barriers are
in contact with the document.

64. The method according to anyone of the preced-
ing embodiments, further comprising the step of
adapting the determining step based on character-
istics of the tested document.

65. The method according to embodiment 64, where-
in adapting the determining step is based on a color
composition and/or an absorption pattern of the test-
ed document.

66. The method according to embodiment 64 or em-
bodiment 65, further comprising the step of normal-
izing the detected light intensity based on a color
composition and/or an absorption pattern of the test-
ed document.

67. The method according to anyone of the preced-
ing embodiments, further comprising the step of
adapting a force for bringing the one or more light
barriers into contact with the document.

68. The method according to embodiment 67, where-
in the force is adapted based on document proper-
ties.

69. The method according to embodiment 68, where-
in the document properties comprise one or more of
document material, document thickness, document
size and document condition.

70. The method according to one of the embodi-
ments 64 to 69, further comprising the step of receiv-
ing information about the document characteristics
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and/or properties from a storage medium.

Claims

1. A device for detecting a tape on a document, the
device comprising:

at least one light source;
at least one light receiver; and
at least one light barrier,
wherein the at least one light source is arranged
on a first side of the at least one light barrier, the
at least one light receiver is arranged on a sec-
ond side of the at least one light barrier opposite
to the first side, and
wherein the light barrier is configured to come
into contact with a document to prevent or re-
duce light emitted from the light source on the
first side of the light barrier to be transmitted to
the light receiver on the second side of the light
barrier.

2. The device according to claim 1, wherein a light in-
tensity detected by the light receiver, when a piece
of tape is attached to a region of the document where
the light barrier is in contact with the document, is at
least 2 times, in particular at least 5 times higher than
a light intensity detected when the document does
not have a piece of tape attached to the region of
the document where the light barrier is in contact
with the document.

3. The device according to anyone of the preceding
claims wherein a plurality of light barriers is arranged
across a width of a detection region and/or across a
length of the detection region, and wherein a plurality
of light sources and a plurality of light receivers are
arranged between the plurality of light barriers.

4. The device according to anyone of the preceding
claims, wherein at least a portion of the one or more
light barriers comprises a deformable material, in
particular, wherein a portion coming into contact with
the document comprises the deformable material.

5. The device according to anyone of the preceding
claims, wherein the one or more light barriers have
the shape of a roller, and wherein the one or more
rollers are rotatable about at least one axis.

6. The device according to claim 5 in combination with
claim 4, wherein the portion coming into contact with
the document and comprising the deformable mate-
rial is an outer ring portion of the one or more rollers.

7. The device according to one of the claims 5 to 6,
wherein the at least one axis is movable in a direction

perpendicular to the at least one axis and wherein
the roller(s) is(are) further mounted to a resilient
member so that the roller(s) can rotate about the at
least one axis with an up and down motion remaining
in contact with the document during a detection proc-
ess.

8. The device according to anyone of the preceding
claims, further comprising one or more covers ar-
ranged about the one or more light barriers to prevent
light from travelling around the light barrier.

9. The device according to anyone of the preceding
claims further comprising a control unit comprising
a storage medium encoded with a computer program
and a data processing apparatus, and wherein the
computer program comprises instructions that when
executed by the data processing apparatus cause
the control unit to adapt an evaluation of a detected
light intensity at the one or more light receivers based
on characteristics of the tested document, in partic-
ular wherein the control unit is caused to normalize
the detected light intensity based on a color compo-
sition and/or an absorption pattern of the tested doc-
ument.

10. A system for detecting a tape on a document, the
system comprising at least two devices for detecting
a tape on a document according to one of the pre-
ceding claims.

11. The system according to claim 10, wherein the at
least two devices are arranged inversely on respec-
tive opposite sides of the tested documents at same
positions along the document path.

12. The system according to claim 10 or 11, wherein the
at least two devices are arranged so that when one
of the light sources of a first one of the at least two
devices is positioned on a first side of the document,
one of the light detectors of a second one of the at
least two devices is arranged at the same position
at the opposite side of the banknote; or
wherein the at least two devices are arranged so that
when one of the light sources of a first one of the at
least two devices is positioned on a first side of the
document, one of the light sources of a second one
of the at least two devices is arranged at the same
position at the opposite side of the banknote.

13. A cash validator comprising at least one device ac-
cording to one of the claims 1 to 9 or a system ac-
cording to one of the claims 10 to 12.

14. A vending machine comprising a cash validator ac-
cording to claim 13.

15. A method for detecting a tape on a document com-
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prising the steps of:

forwarding the document to a detection position
and bringing at least one light barrier into contact
with the document;
emitting light from at least one light source ar-
ranged on a first side of the light barrier;
detecting the light emitted from the at least one
light source at at least one light receiver ar-
ranged on a second side of the light barrier op-
posite to the first side;
determining based on the detected light intensity
at the at least one light receiver if a piece of tape
is attached to the document.
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