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(54) Banknote handling apparatus

(57)  Afirst sensing means, which may form part of a
banknote authenticator, is used to determine the profile
of, for example, at least the leading edge of a banknote.
Actuators located elsewhere in the banknote handling

machine are operated in accordance with the outputs of
other sensors, after taking the measured profile into con-
sideration, so as to correct for errors due to the banknote
being damaged in the area sensed by the other position
detectors.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] This invention relates to an apparatus for han-
dling banknotes and/or other value documents such as
cheques, coupons, etc., which are referred to herein col-
lectively as "banknotes".

Description of Related Art

[0002] Banknote handling apparatuses are often re-
quired to perform a number of different operations on
banknotes, for example causing them to be transported
to various positions within the apparatus, measuring their
characteristics, storing the banknotes and dispensing the
banknotes. Reliable operation depends upon synchro-
nising the operation of the various devices within the ap-
paratus with the position of the banknote which is being
handled.

[0003] Assuming that a banknote sensor is provided
at a particular location in the apparatus, then is is possi-
ble, by using a timer, to determine when the banknote
reaches further locations within the apparatus, based on
the speed of operation of a transport mechanism. This
however can be unreliable, because the speed of trans-
port may differ from an expected speed, and may fluctu-
ate.

[0004] Insome arrangements, this problem is avoided
by measuring the time using a clock synchronised to the
operation of the transport mechanism (e.g. an encoder
coupled to a motor shaft), instead of a fixed frequency
clock. However, this arrangement can also be unreliable,
for example if there is slippage between the banknote
and the drive means (e.g. belts) of the transport mecha-
nism.

[0005] To avoid these problems, multiple position de-
tectors may be provided for sensing the banknote as it
reaches each of a number of different locations within
the apparatus. The position detectors may be optical or
mechanical, for example. A substantial number of such
detectors may be required, particularly if the apparatus
has to perform many functions. In order to reduce the
cost and complexity of the apparatus, each position de-
tector is preferably a very simple device arranged to de-
tect a part of the banknote when it reaches a particular
position.

[0006] A problem encountered with such arrange-
ments is that, if the banknote is torn or folded, or has
holes or transparent windows, this could interfere with
the operation of the position detector, which can then
give a misleading output causing the banknote to be in-
correctly handled, and possibly resulting in jamming of
the apparatus. For example, banknotes travelling longi-
tudinally along a path may be sensed using a position
detector arranged to detect the presence of a banknote
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at a particular location across its width. However, if the
leading edge of the banknote has a piece missing at this
lateral location, then the leading edge of the banknote
will have passed the location of the position sensor before
the sensor output is generated. Ifitis intended to perform
an operation on the banknote at a time dependent on the
position sensor output signal, then this operation may
start too late, leading to mishandling.

[0007] A solution to this problem would be to arrange
for the position sensors to sense parts of the banknotes
distributed across the entire width thereof. However, this
solution would result in increased cost.

BRIEF SUMMARY OF THE INVENTION

[0008] Aspects of the invention are set out in the ac-
companying claims.

[0009] According to a further aspect of the invention,
there is provided a first sensing means for sensing a ban-
knote in a plurality of different areas thereof so as to de-
termine the profile, or shape, of at least one edge of the
banknote. Additional position sensors are provided. The
output of each additional position sensor is used to trigger
an operation which is performed upon the banknote.
However, the time at which the operation is triggered is
modified in accordance with the detected configuration
of the banknote as sensed by the first sensor. Thus, if
the first sensor detects an edge profile which will result
in a premature or delayed output from the second sensor,
then the output of the second sensor is corrected accord-
ingly.

[0010] In this way, by providing a relatively sophisti-
cated first sensor to detect the configuration of the ban-
knote, it is possible to use further sensors of a simple
nature while nevertheless avoiding the problems men-
tioned above.

[0011] Reliable authentication of banknotes often re-
quires measurements to be performed at multiple areas
of the banknote. Therefore, itis known to provide sensing
means for performing these multiple measurements. A
particularly preferred embodiment of the invention uses
this same sensing means for detecting the banknote con-
figuration, which is then used to correct the outputs of
subsequent sensors. This enables the advantages of the
invention to be provided with few, if any, additional com-
ponents.

[0012] The first sensing means preferably uses optical
techniques for detecting the different areas of the ban-
knote. (References hereinto optical sensors are intended
to include those which operate using non-visible wave-
lengths, in addition to those that operate using visible
wavelengths.) However, other means may be provided,
such as mechanical or magnetic sensors.

[0013] The first sensing means may comprise a two-
dimensional array of optical sensors for detecting respec-
tive different areas of the banknote. However, preferably,
the first sensing means comprises a linear array of sen-
sors which scan along respective lines of the banknote
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as the banknote is transported past the sensors.

[0014] Banknotes are usually transported in adirection
which lies within the plane of the banknote and which is
parallel to its length, or sometimes its width, dimension.
The operations performed on the banknote are often
timed to coincide with the leading, or sometimes trailing,
edge of the banknote reaching a predetermined position.
Sometimes the travelling direction of the banknote is re-
versed (that is, with respect to its orientation, such that
the leading edge becomes the trailing edge, and vice
versa). Accordingly, it is particularly preferred that the
first sensing means is arranged to detect the profile of at
least one of the trailing and leading edges of the ban-
knote, and preferably at least the leading edge of the
banknote, as it passes through the location of the first
sensing means. Itis conceivable that the direction of trav-
el may change by some otherangle, such as 90°, in which
case it may be advantageous to detect the profile of a
side edge (parallel to the direction of travel past the first
sensing means).

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Anembodiment of the invention will now be de-
scribed by way of example with reference to the accom-
panying drawings, in which:

Figure 1 is a schematic diagram of a banknote han-
dler according to the invention;

Figure 2 illustrates the way in which a banknote is
scanned by a first sensing means of the banknote
handler;

Figure 3 diagrammatically shows a location within
the handler containing a second sensing means of
the handler; and

Figure 4 illustrates a bundler of the banknote han-
dler.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Figure 1 is a schematic diagram of a banknote
handler 10 which includes a recycler module 12, a payout
module 14 and a cashbox 16. Banknote handler 10 fur-
ther includes a banknote inlet 20, a justifier 22, an au-
thenticator 24, a temporary store 26, a bundler 28 and a
banknote outlet 31.

[0017] Thebanknote handler 10 of the present embod-
iment is a banknote changer, which is operable to re-
ceive, test, store and dispense banknotes. The handler
may be housed in a vending machine and used for pay-
ment for goods dispensed by the vending machine. Ban-
knotes are received at inlet 20 and delivered via transport
path 40 to the justifier 22. The justifier 22, which may
operate as described in EP-A-1 321 403, is arranged to
receive banknotes individually and align them such that
they are delivered to a transport path 42 with their longi-
tudinal direction aligned parallel to the transport direction,
and with the banknote position laterally at a predeter-
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mined location.

[0018] The transport path 42 delivers the banknotes
to the authenticator 24, which acts to authenticate and
denominate banknotes passing therethrough. Such au-
thenticators are well known in the art and the one used
in the embodiment illustrated is of the type described in
EP-A-1 321 904.

[0019] The banknotes from the authenticator 24 are
delivered via transport path 43 to a gate 30. The gate
can be controlled to route banknotes either to a main
transport path 52 or to a discharge transport path 44. The
gate can also be controlled to route banknotes from the
main transport path 52 either to the discharge transport
path 44 or to the transport path 43.

[0020] The main path 52 travels along a spine of the
banknote handler 10 and conveys banknotes to and from
individual modules, which in the illustrated embodiment
comprise the recycler module 12 and the payout module
14.

[0021] The recycler module 12 is arranged to receive
individual banknotes from the path 52 and to deliver ban-
knotes individually to the path 52. The recycler module
12 includes one, or preferably more, individual recycle
stores 13, each of which may be as described in, for
example, EP-A-1321409. Eachis arranged to store ban-
knotes individually at successive locations along a spi-
rally-wound support member. Each store normally con-
tains banknotes of a single respective denomination.
[0022] The payout module 14 stores banknotes in a
stack, and can deliver them individually to the main trans-
port path 52.

[0023] Banknotes delivered from the modules to the
main transport path 52 are conveyed by the transport
path 52 to the gate 30, from which they can be delivered
either to the discharge transport path 44 or to the trans-
port path 43. The transport paths 42, 43 and 52 are bi-
directional so that banknotes can be delivered from the
justifier 22 via the authenticator 24 and the gate 30 to the
modules, and can also be sent in the opposite direction
from the modules to the justifier 22.

[0024] The discharge path 44 leads to the temporary
store 26. Banknotes can be sentfrom the temporary store
26 to (i) the bundler 28 via a bi-directional path 56, (ii) a
further transport path 46 leading to the banknote outlet
31, or (iii) the cashbox 16. The intention is that individual
banknotes are either stored in the cashbox 16 or dis-
pensed at outlet 31. If multiple banknotes are to be stored
or dispensed, they are first collected on the bundler 28,
and then returned as a stack to the temporary store 26,
from which they are then sent either to the cashbox 16
or the outlet 31.

[0025] Although not shown in Figure 1, the handler 10
may include additional modules, for example further pay-
out modules and/or further recycler modules, all of which
would be linked to the main transport path 52.

[0026] The operation of the handler 10 is controlled by
a controller 32. The controller determines what action to
take if a banknote fails or passes authentication and con-
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trols the operation of the banknote stores (the dispensing
by, and receiving of, banknotes by the various banknote
stores). The controller also controls the transport of ban-
knotes between various locations of the handler 10 as
well as the operation of the justifier 22, the authenticator
24 and the bundler 28.

[0027] During operation of the banknote handler, a us-
er inserts a banknote into the inlet 20 and this is passed
along path 40 to justifier 22 which can operate using any
of a number of known techniques to ensure that the ban-
knote has the correct orientation (with its leading edge
substantially perpendicular to the direction of travel) be-
fore being passed on to authenticator 24 along path 42.
The authenticator 24 determines whether the banknote
is valid or not. If the banknote is not valid it is conveyed
to temporary store 26 along discharge path 44. The ban-
knote is then either returned to the user along path 46
leading to outlet 31 or, in an alternative mode of opera-
tion, directed to the cashbox 16 via path 48. In certain
countries it is a legal requirement to retain forged ban-
knotes.

[0028] If the banknotes received during a transaction
are sucessfully authenticated, they are conveyed along
path 52 and stored in a recycler 13 in the recycler module
12. It is to be realised that the controller maintains a
record of the banknotes stored in, and dispensed from,
recyclers 13. After the transaction, the temporarily stored
banknotes are removed from their current location and
sent to either the cashbox 16 or another recycler 13.
[0029] Banknotes can then be dispensed to users,
from recycler and payout modules 12 and 14, as change.
If desired, any banknote intended to be dispensed can
first be routed to the justifier 22 and then to the authen-
ticator 24 so that its authenticity and denomination can
be verified.

[0030] A route person regularly visits the handler 10
and provides payout 14 which is preloaded with ban-
knotes, and removes any empty or partially empty pay-
outs. The payout 14 includes additional security features
to ensure that the route person is not able to access the
stored banknotes, but, once inserted, the banknotes are
available to the handler 10.

[0031] The cashbox 16 is adapted to receive ban-
knotes and does not dispense banknotes. When the
cashbox s full, itis removed by a route person. The cash-
boxincludes security features which ensure that the route
person is not able to access the stored contents unless
authorised e.g. by possession of a key.

[0032] Figure 2 illustrates a banknote 80 as it passes
through the authenticator 24, travelling in a direction A
which lies within the plane of the banknote and is parallel
to the longitudinal dimension of the banknote. A sensing
means of the authenticator 24 is indicator schematically
at 82. This is capable of sensing optical characteristics
of the banknote in a number (at least six in the preferred
embodiment) of regions 84 which are distributed along
a direction which is transverse, and preferably perpen-
dicular, to the scanning direction A. Accordingly, each
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banknote is scanned along six lines L4 to Lg as itis trans-
ported passed the sensing means 82.

[0033] Assuming the scanning means takes measure-
ments at P* successive positions along the banknote as
the banknote is transported passed the sensing means,
then the characteristics of the banknote will be measured
in P*x L* areas, where L* is the number of scanning lines.
In the illustrated embodiment, the sensing means 82 is
arranged to measure the optical transmissivity of the ban-
knote in each of these P* x L* regions at a plurality of
different wavelengths. In addition, reflectivity readings
may also be taken on one or both opposed sides of the
banknote in these areas, and, if desired, at a plurality of
different wavelengths. The readings are commenced in
response to the detection by the sensing means 82 of a
significant decrease in transmissivity in any one or more
of the regions being scanned, thus indicating the arrival
of the leading edge 88 of the banknote.

[0034] Following this scanning operation, the control-
ler 42 will store the measurements of the banknote.
These will include a set of P* x L* data bits referred to
herein as presence data each indicating whether the
measurement in a respective area indicated the pres-
ence or absence of a banknote, based on the detected
transmissivity in that area. In addition, for each of the P*
x L* areas in which the presence of the banknote was
detected, the controller will also store (a) a respective
transmissivity measurement for each of a plurality of dif-
ferent wavelengths, (b) a respective first-side reflectivity
measurement for each of a plurality of different wave-
lengths and, preferably, (c) a respective second-side re-
flectivity measurement for each of a plurality of different
wavelengths. The transmissivity, first-side and second-
side reflectivity measurements can be used for testing
the banknote for authenticity and determining the ban-
knote denomination, in ways that are known in them-
selves in the art.

[0035] The presence data is indicative of the shape of
the banknote, and in particular the profiles of the edges
of the banknote and of any holes or transparent windows
in the banknote. As will be explained, this data is used
so as to enable accurate position measurements using
simple position detectors elsewhere in the apparatus. To
facilitate this, the position data is preferably subjected to
a pre-processing operation. A simple example of this will
be presented.

[0036] Once the position data has been obtained, the
software of the controller 32 instantiates a banknote
shape object using the position data. The intention is that
a separate shape object be instantiated for each ban-
knote which is measured by the authenticator 24. Sub-
sequently, when the position of the banknote is to be
ascertained at a different location within the handler 10,
the shape object is interrogated and the data retrieved
therefrom is used to modify the output of a position de-
tector.

[0037] It will be assumed for the purposes of explana-
tion that each shape object will, upon instantiation, create
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an array representing the profile of the leading edge of
the banknote. This array may comprise, for each scan
line, an index value which represents the first of the P*
scanning positions at which the presence of the banknote
is detected in the respective scan line. For example, re-
ferring to Figure 2, let it be assumed that the banknote
80 has torn or folded corners as indicated at 90 and 92.
As a consequence, the banknote’s presence will first be
sensed in scan lines Ly, Ly and L,. Let it be assumed
also that the scan position index is set to zero when the
presence of the banknote is first detected. The leading
edge will be detected in scan lines L4 and L5 at the next
position, position P. The leading edge will be detected in
scan line Lg at the following position, position P,. There-
fore, the profile of the leading edge of the banknote can
be represented by an array (1,0,0,0,1,2).

[0038] In a similar way, the shape object may derive
and store the profile of the trailing edge 94 of the ban-
knote. Also, further edge detecting processes may be
used to store the profile of any intervening contiguous
group of areas in which the presence of the banknote is
not detected, i.e. any holes or transparent windows of
the banknote.

[0039] After passing through the authenticator 24, the
banknote needs to be handled by various other compo-
nents of the handler 10, including the gate 30 and the
components needed to route the banknote into the recy-
cler module 12 and/or the temporary store 26 and/or the
bundler 28 and/or the cashbox 16. Although the banknote
is conveyed by transport devices which are moving at a
controlled rate, it is nevertheless difficult to ascertain the
precise position of the banknote, for example because
of slippage of the banknote between belts of the transport
mechanisms. For this reason, individual position sensors
are located at various other positions throughout the han-
dler 10.

[0040] Figure 3 schematically represents one such po-
sition sensor 70 which in this case is an optical sensor
arranged to sense the leading edge of the banknote 80
at a lateral position of the banknote which substantially
corresponds to scan line Lg in the authenticator 24. The
position sensor 70 is located upstream (with respect to
the transport path) of an actuator 72. The arrangement
is such that, for proper operation, the actuator 72 should
be operated when the leading edge 88 is positioned at a
distance D1 upstream of the actuator 72. The sensor is
located at a distance D2 upstream of the actuator 72.
The transport device is arranged to move the banknote
at a speed S in this region. Accordingly, the controller 32
should normally arrange to operate the actuator at a time
t = (D1 - D2)/S following a signal from the sensor 70
indicating the detection of the leading edge.

[0041] However, according to the present invention,
the controller 32 performs the following operations:

(a) wait for a signal from the sensor 70;
(b) request the profile data from the shape object
instance corresponding to the banknote 80;
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(c) derive an offset value O from the profile data;
(d) calculate an adjusted time value using the formu-
lat!=(D1-D2-0)/S;

(e) waits for the adjusted time t! to elapse before
operating the actuator A.

[0042] Step (b) results in the shape object sending the
profile data in the form of the array, i.e. (1,0,0,0,1,2) in
the example given above. Step (c) involves extracting
from the array a value corresponding to the lateral posi-
tion of the sensor. In this case, the position sensor 70 is
located at a lateral position which substantially corre-
sponds with scan line Lg in the authenticator 24, and
therefore the sixth element of the array, of value 2, is
derived. The offset O is then obtained by multiplying the
derived value, in this case 2, by a constant k representing
the distance moved by the banknote 80 within the au-
thenticator 24 between successive measurements by the
first sensing means.

[0043] The actuator may be any of a number of differ-
entdevices for controlling the movement of the banknote,
including a further transport device arranged to transport
the banknote to another part of the handler, a gate ar-
ranged to alter the routing of the banknote, etc. Alterna-
tively, the actuator may control the transport device cur-
rently conveying the banknote, and be arranged to stop
the motion at the calculated time.

[0044] Figure 4 shows an example of how the tech-
nigue is used in conjunction with the bundler 28 of the
banknote handler 10. Banknotes can be driven from the
temporary store 26 to the bundler 28 using belts 60, 62.
The bundler 28 includes a drum 64 which can be driven
by a stepper motor (not shown) so that banknotes which
are received in succession are successively stacked on
top of each other and held on the drum by a belt 68.
Accordingly, a bundle of banknotes is created on the
drum. In order to remove the bundle and send it back to
the temporary store 26, the directions in which the drum
is rotated and in which the belts 60, 62 are driven are
reversed, and a guide 65 is pivoted towards the axis of
the drum so that the banknote bundle is stripped from
the drum and fed between the belts 60, 62.

[0045] A position sensor 70 is arranged to detect the
leading edge of a banknote as it is moved by the belts
60, 62 towards the drum. The controller 32 responds to
the position detector 70 and commences the rotation of
the drum at precisely the right time so that the leading
edge of the newly-added banknote 80 is aligned with the
leading edges 81 of the banknotes which are already
stacked on the drum. Accordingly, a neat stack is formed.
[0046] Using the techniques of the present invention
to modify the delay before actuation of the stepper motor
means that these objectives can be accomplished even
if the position sensor 70 gives an erroneous signal as a
result of a damaged banknote.

[0047] The bundler may be used to bundle banknotes
of different lengths. In some circumstances, it may be
desirable to align the trailing edges of the banknotes
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stacked on the drum, rather than the leading edge. In
that case, the arrangement described above may be
modified so that the operation of the stepper motor to
rotate the drum occurs in response to the position detec-
tor 70 sensing the trailing edge of the banknote, the timing
then being modified in accordance with the profile of the
trailing edge as stored by the shape object instance. Al-
ternatively, the operation of the stepper motor could be
initiated in response to detection of the leading edge by
the position sensor 70, the timing then being modified in
accordance with the stored profiles of both the leading
and trailing edges.

[0048] In the embodiment described above, the first
sensing means in the authenticator 24 is used to deter-
mine the profile of the leading edge throughout the entire
width of the banknote. However, this may not be neces-
sary, particularly if the other position sensors are con-
fined toalimited number of lateral positions. Forexample,
if all the other position sensors are located in a lateral
position corresponding to only one of the scan lines, then
it is merely necessary to determine the relative location
of the leading edge in that region.

[0049] The presence data referred to above may be
used additionally for authentication and/or denomination,
for example by deriving a measurement of the banknote
length and/or width. The data may also be used in as-
sessing the condition of the banknote, and particularly
whether itis suitable for dispensing as change, which will
influence whether it will be directed to one of the recyclers
13.

[0050] Inthe arrangement described above, the timing
of an operation performed on the banknote is based on
the time that a sensing means detects the banknote in
proximity to the location in which the operation is to be
performed, the timing being adjusted according to the
previously-detected profile of the banknote. The adjust-
ment is determined in units of time, measured using a
regular clock, based on the speed at which the banknote
is moved, as calculated in distance units per time unit.
Instead, the adjustment could be calculated in distance
units, by using a clock which counts in response to move-
ment of the transport means (e.g. using an encoder cou-
pled to the transport means, as known in the prior art).
This would account for slippage between the banknote
and the transport belts; however, such accuracy is prob-
ably not necessary in view of the proximity of the sensing
means to the location at which the banknote operation
is to be performed.

Claims

1. Apparatus for handling a banknote, the apparatus
comprising:

first sensing means for sensing the banknote at
afirst location in the apparatus, the first sensing
means being operable to detect the presence of
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the banknote at a plurality of positions so as to
determine the profile of at least one edge of the
banknote,

atleast one second sensing means for providing
a detection signal in response to detecting the
banknote when it passes through a respective
further location in the apparatus, and

at least one operation means arranged for per-
forming an operation on the banknote at a timing
determined by a combination of (a) the time at
which said detection signal is provided, and (b)
the profile of the edge as detected by the first
sensing means.

Apparatus as claimed in claim 1, wherein the first
sensing means is operable to scan the banknote as
it passes through the first location so as to determine
the profile of at least one of the edges of the ban-
knote.

Apparatus as claimed in claim 2, wherein the first
sensing means is operable to sense the banknote
at a plurality of positions distributed along a direction
transverse to the direction of travel so as to deter-
mine the profile of at least one of the leading and
trailing edges of the banknote.

Apparatus as claimed in claim 3, wherein the first
sensing means is operable to determine the profile
of at least the trailing edge of the banknote, the ap-
paratus further including means for reversing the di-
rection of travel of the banknote so that the trailing
edge reaches the operation means before the lead-
ing edge.

Apparatus as claimed in any preceding claim, includ-
ing a said operation means in the form of an actuator
for controlling the movement of the banknote.

Apparatus as claimed in any preceding claim, includ-
ing a said operation means in the form of a transport
device arranged to start transporting the banknote
at said timing.

Apparatus as claimed in any preceding claim, includ-
ing a said operation means in the form of a transport
device arranged to stop transporting the banknote
at said timing.

Apparatus as claimed in any preceding claim, includ-
ing a said operation means in the form of a bundler
arranged to cause the banknote to be added to a
drum carrying a stack of banknotes at said timing.

Apparatus as claimed in any preceding claim, includ-
ing a said operation means in the form of a gate
arranged to alter a path along which the banknote is
arranged to travel at said timing.
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10. Apparatus as claimed in any preceding claim, includ-
ing a validator device arranged to determine the au-
thenticity of the banknote in accordance with signals
from said first sensing means.
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