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Acceptor Device for Sheet Objects

Field of the invention

This invention relates to an acceptor device for sheet objects such as banknotes.

Background

Banknote acceptors are well known for use in vending and gambling machines. In
a typical banknote acceptor, the banknote is inserted through an inlet slot and is
driven along a path past a transversely extending array of sensors that sense
characteristics of one or more faces of the banknote. It is known to use optical
sensors arranged in an array to detect successive rows of data samples from the
face of the banknote as it passes the array. The sensing arrangement may operate
in a transmissive mode in which an optical light source is disposed to transmit
light through the banknote to the sensors of the array. Alternatively, light from

the source may be reflected from the face of the banknote to the optical sensors.

The data derived from the sensors may be digitised and compared with reference
data corresponding to acceptable banknotes. The detection may be carried out in

more than one wavelength band.

In order to allow the data from the sensor array to be compared with the reference
data, the banknote needs to pass the detector array along a pre-set path. In the
past, a guide rail has been provided extending along the path, so that a side edge
of each successive banknote under test moves along the path whilst abutting the
guide rail. In this way, consistent data can be derived from banknote to banknote,
that can be compared with the reference data for acceptable banknotes stored in
the memory. In order to compare banknotes of different sizes, proposals have
been made in the past to use a stepped entrance path with steps of different
widths to align different width banknotes with the path through the detector array.
However, this does not work well with crinkled or damaged banknotes. Also,
mechanically driven guide plates have been proposed, that move transversely of

the path in order to urge the banknotes of different widths against the guide rail or
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centrally of the path. These mechanical arrangements for aligning the banknote
are mechanically complicated and so add significantly to the cost of the banknote
acceptor. Also, they can be unreliable and not accurately guide the banknote along
the desired path.

Proposals have been made to scan a banknote and to transform all the scanned
data for counting purposes, as described in US-A-5680472 but the process

involves large amounts of data and is computationally slow.

The present invention seeks to overcome these problems and disadvantages.

Summary of the invention

According to the invention there is provided an acceptor device for sheet
objects, comprising a sensor to derive data corresponding to a spatial array of
data samples from a face of a sheet object, said data being configured in a
sampling frame that lies within a range of positional relationships with a
reference frame; and processing means operable to process the data to determine
the relationship between the reference frame and the sampling frame for the
sensed data, and being operable to transform pre-selected regions of the sensed
data from the sampling frame so as to correspond to data in the reference frame,
and to make a comparison of the transformed data with reference data
corresponding to the pre-selected regions in the reference frame that define
acceptability criteria for sheet objects in said reference frame, and acceptor
means for accepting the sheet object depending on the outcome of the

comparison.

The acceptor device according to the invention has the advantage that the sheet
object such as a banknote need not be oriented along a guide rail when sensed by
the sensor. As a result, the banknote can enter the acceptor device in a range of

positional relationships and can be of different sizes.
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The invention also includes a device for selectively programming the acceptor,
comprising a processor and a display device, configured to receive said a spatial
array of data samples from a face of a reference sheet object of a known
denomination, and to provide a visual display thereof, a user interface to allow a
user to define on the display at least one selected location in said array of data
samples, the processor being operable to provide a data set comprising data
corresponding to said selected locations together with data corresponding to the
samples form said location and data corresponding to the denomination of the

sheet object, for storage in the acceptor.

Brief description of the drawings

In order that the invention may be more fully understood an embodiment thereof
will now be described by way of example with reference to the accompanying
drawings in which:

Figure 1 is a schematic plan view of an acceptor device according to the invention;
Figure 2 is a schematic sectional view of the device shown in Figure 1;

Figure 3 is a schematic block diagram of the device shown in Figures 1 and 2;
Figure 4 illustrates schematically the passage of a banknote through the sensing
station without abutting a guide rail and in a range of difference angular and
positional relationships;

Figure 5 illustrates the sampling frame, reference frame and the array of data in
said frames;

Figure 6 is a flow chart of the process of accepting a sheet object;

Figure 7 illustrates the step S2 of Figure 6 in more detail;

Figure 8 is a graph illustrating transformed data in the reference frame to be
compared with corresponding reference data for acceptable sheet objects;

Figure 9 is a schematic plan view of an alternative version of the device;

Figure 10 is a sectional view of the device shown in Figure 9;

Figure 11 is a sectional view of a further embodiment of a device according to the
invention;

Figure 12 is a schematic plan view of another acceptor device according to the

invention;
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Figure 13 is a schematic sectional view of the device shown in Figure 12;

Figure 14 is a schematic block diagram of an image data capture and de-skewing
process for accepting or rejecting banknotes;

Figure 15A-C are respective schematic views of a pixelated data array for
explaining the de-skewing process described with reference to Figure 14;

Figure 16 is a more detailed flow diagram of the de-skewing and authentication
process described with reference to Figure 15;

Figure 17 is a schematic illustration of a display provided by a programming tool
for the banknote acceptor; and

Figure 18 is a block diagram of a process for programming the banknote acceptor

using the programming tool.

Detailed description

The example of the invention illustrated in the drawings is for accepting
banknotes and as used herein the term “banknote” means a promissory note
especially from a central bank or other governmental organisation payable to the
bearer on demand for use as money, also known as “paper money” and in the

USA as “currency” or a “bill”.

Referring to Figures 1 and 2, a banknote acceptor according to the invention
receives a banknote 1 through an inlet 2 wider than the banknote, such that the
banknote passes along a path 3 shown in dotted outline to an outlet 4 through a

sensing station S.

A solenoid operated gate 5 is disposed at the outlet 4 to direct acceptable
banknotes along an acceptance path shown by arrow 6, or to rotate to a position
shown in dotted outline to direct unacceptable banknotes along reject path 7
shown in dotted outline. Alternatively, an unacceptable banknote can be rejected

by reversing it back through the inlet 2, as described in more detail below.

As shown in Figure 2, the path 3 for the banknote is defined between a main body
8 with a platen 9 overlaid by a spaced panel 10. As shown in Figure 1, the platen 9



10

15

20

25

30

WO 2006/064008 PCT/EP2005/056757

is formed with upstanding regions 11, 12 that define side edges of the path 3. The
banknote 1 is driven along the path 3 by means of a roller 13 and a belt and pulley
arrangement 14 driven by electric motors (not shown). The banknote does not

need to be guided by the edge regions 11, 12 as will be evident hereinafter.

The sensor station S comprises an optical source 15 for emitting optical radiation,
which extends across the entire width of the path 3, mounted in the main body 8
on the underside of the path 3. One example of the source 15 is an array of
surface mounted LEDs arranged in closely packed rows to emit different coloured
optical radiation, covered by a diffusing sheet to provide spatially uniform
illumination over a broad optical band. Alternatively, a light emitting polymer
sheet or other light sources can be used. A light guide arrangement 16 comprising
a mirror 17 and a fan shaped lens 18 directs light that passes through the banknote
to a solid-state photosensor array 19, which in this example comprises a CMOS
chip. The individual pixels of the array are closely spaced on the chip 19 and the
fan shaped lens 18 ensures that each pixel is responsive to respective spaced apart
sampling locations disposed along the line A-A’, across path 3, as illustrated by

dotted lines 20 in Figure 1.

Processing circuitry 21 for controlling operation of the device may be mounted in
the main body 8. The processing circuitry 21 is shown in block diagrammatic
form in Figure 3 and comprises a micro controller 22 that receives digital samples
from the pixelated photosensors in chip 19. The data samples are compared with
corresponding samples for acceptable banknotes stored in memory 23. The gate 5
is driven by driver circuit 24 so that acceptable banknotes are allowed to pass
along path 6 and non-acceptable banknotes are passed along path 7 as illustrated

in Figure 2

The micro controller 22 also controls operation of a driver circuit 25 to operate
the light source 15. The micro controller 22 further controls a driver circuit 26
which operates the roller 13 and pulley arrangement 14, to drive the banknote 1

along the path 3 shown in Figures 1 and 2. The driver 26 may be operated under
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the control of the micro controller 22 in response to a sensor, not shown, that
detects the insertion of a banknote into the inlet 2. Also, instead of rejecting
banknotes on the reject path 7, non-acceptable banknotes can be rejected by the
microcontroller 22 instructing the driver 26 to reverse the drive direction of the
roller 13 and the pulley arrangement 14, so that the unacceptable banknote is

reversed back out of the inlet 2.

Referring to Figure 4, the pixelated data samples derived by the array of sensor 19
are derived at sampling locations S1 — SN along the line A-A’ disposed at right
angles to the direction of path 3. As illustrated in Figure 4, the banknote 1, which
is narrower than the width of the path 3 can traverse the sampling regions S1 — SN
in a range of angles and spacings compared with the side edges 11, 12 of the path
3. The banknote 1 has a leading edge 27 spaced at a distance « from side edge 11
of track 3 and is disposed at an angle 6 to the line A-A’. However, the banknote
may enter the device through inlet 2 in a range of angles and positions. Two other
possible configurations for the banknote 1 are illustrated by way of example in
dotted outline as banknote 1’ and banknote 1”. The banknote 17 is disposed at a
spacing & from side edge 11, at an angle 6. Similarly, the banknote 1” is spaced at
a distance #” from the side edge 11, at angle 6”. Thus, as the banknote traverses
the line A-A’, data samples are developed at different ones of the sampling regions

S1 — SN depending on the angle 6 and the spacing « of the banknote under test.

Thus, not all of the sensors of the array will detect data from the banknote 1,

depending on the configuration of its side edges 28, 29 and is trailing edge 30.

As the banknote traverses the sampling regions S1 — SN, successive rows of
samples of data are developed, which are digitised in sensor array 19 and fed to
the micro controller 22 shown in Figure 3. Thus, for the banknote 1, a first row
R1 of samples is derived, followed by a second row R2 etc until the entire
banknote passes the line A-A’, thereby producing a spatial array of data samples

for the banknote.
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Since the banknote 1 approaches the sensor array A-A1’ at an angle 6, the first row
R1 of data samples comprises an incomplete line of data samples; only samples
from sampling positions Sp, Sp+1, Sp+2 are developed in this example. Similarly,
for row R2, an incomplete row is produced. This is illustrated in more detail in
Figure 5, in which the footprint of the banknote 1 is shown in dotted outline and
the corresponding pixelated sample array 31 is also illustrated. It will thus be seen
that the data samples of the two dimensional sample array 31 are taken in a
banknote sample frame F1 which can vary from banknote to banknote depending
on the angle 6 and the spacing z for the banknote as it approaches the array of
sampling positions S1 — SN shown in Figure 4. However, the data for acceptable

banknotes held in memory 23 is held in a reference frame F2, which is related to

the frame F1 by a vector r and the angle 6 at which the banknote approaches the

sensor array and also its position in the track 3 between the side walls 11, 12.

The general process performed by the microprocessor to accept or reject the
banknotes is illustrated in the flow chart of Figure 6. In step S1, the successive
rows R of pixelated data are captured in the banknote sample frame F1 as
previously described and are stored in the operating memory of the micro

controller 22,

Then, data from the banknote sample frame F1 is transformed or skewed into the
reference frame F2, in step S2. In step S3, the resulting transformed or de-
skewed data is compared with reference data stored in memory 23 by the micro
controller 22, the reference data corresponding to acceptable banknotes. At step
S4, the banknote under test is either accepted or rejected under the control of
micro controller 22, which operates gate driver 24 either to direct the banknote
along accept path 6 or reject path 7, by operating gate 5. Alternatively, the
direction of drive of roller 13 can be controlled to drive an acceptable banknote

forward, or to reverse a rejected banknote back through the inlet 2.
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The data transformation step S2 will now be described in more detail. Referring
again to Figure 5, the two dimensional pixelated array 31 of sample data in
banknote sampling frame F1 is to be transformed into a corresponding array 31 in
reference frame F2. As will be explained in more detail later, not all of the data
need necessarily be transformed. However, for ease of explanation, it will be
assumed initially in this example that all such data is transformed. As shown in
Figure 5, the banknote sampling frame has its respective major axes aligned with
the length and the width of the sampled banknote, with an origin O1 at a corner
of the sampled banknote. The location of this position in the sampling frame F1 is
determined by determining which of the data sample positions in the sampling
frame corresponds to the origin O1. This can be done by determining which of
the samples correspond to edge samples. It will be understood that samples from
rows that occur before, after and on the transverse sides of the array will have
values corresponding to full transmission, i.e. relatively high compared to the
transmission of light through the banknote itself, thereby providing indication of
the edge discontinuity. In this way, the controller 22 can determine the position

O1 relative to the position O2 in the reference frame F2, which corresponds to

the vector 7 . This is indicated at step S2.1 in Figure 7.

At step S2.2, the angle 6 is determined by analysing the edge discontinuities of the
array 31 shown in Figure 5. It will be understood that the length » as compared
with the width # is dependent upon the angle 6 and that the relationship of » and
n can be determined in terms of the number of pixels, thereby giving an indication

of the angle 0 between the sampling frame F1 and the reference frame F2.

Then, at step S2.3, individual data samples of the array 31 in the sampling frame

are transformed into corresponding samples in the reference array 32 by means of

a mapping function that utilises the values of r and 6 determined at steps S2.1

and S2.2.
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Referring again to Figure 5, the microprocessor memory 23 includes data
corresponding to acceptable banknotes in the reference frame. In fact, data
corresponding to only predetermined portions of the acceptable banknote may be
stored in order to reduce the amount of data held in the memory 23. An example
corresponds to a stripe 33 of data along the length of the banknote in the
reference frame F2. A histogram of the data corresponding to the stripe 33 is
illustrated in Figure 8. Data 34 corresponds to reference data samples for an
acceptable banknote and data 35 corresponds to the sample data transformed into
the reference frame, along stripe 33 shown in Figure 5, for the banknote under
test. The comparison between the data 34 and 35 can be carried out by summing
the squares of the differences between each successive sample and its reference
value and determining whether the sum exceeds a predetermined threshold. Other
ways of comparing the data will be evident to those skilled in the art. The

banknote can be accepted or rejected on the basis of this comparison (step S4).

Many modifications and variations to the described device are possible. For
example, it will be understood from reference to Figure 5 that not all of the data in
the sampling frame F1 need necessarily be transformed into the reference frame
F2. In this example, only the data corresponding to stripe 33 needs to be
transformed. Furthermore, the invention is not restricted to one particular stripe
33 and different areas of the transformed data may be tested against reference
data. For example, a diagonal stripe or a rectangular area in one portion of the
transformed data may be compared with reference data. Also, predetermined
regions of the transformed data may be excluded from comparison with reference
data. Furthermore, alternative ways of transforming the data from the sampling
frame to the reference frame will be evident to those skilled in the art. For
example, an iterative “best match” process may be performed in order to rotate

the entire data array 31 until it best matches the array 32.

Alternative sensor arrangements are within the scope of the invention. For
example, referring to Figure 9, which corresponds to Figure 1, the sensor

arrangement comprises three semiconductor sensor arrays, which collectively
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traverse the width of the banknote path 3. Two of the arrays 36, 37 are arranged
along the line A-A’ whereas sensor 38 is disposed laterally from the line A-A’. This
has the advantage that the pulley arrangement 14 can be disposed between the
sensors 36, 37, with the sensor 38 ensuring that data is obtained from the entire

width of the path 3.

The arrangement of Figure 9 is shown in section in Figure 10. Each of the sensor

arrays 36 — 38 is provided with an individual light source 15.

Figure 11 illustrates an alternative arrangement, similar to that shown in Figure 10,
in which reflective sensors are used. Individual semiconductor chips 39, 40, 41 are
configured on member 10, above the path 3, each of which includes both light
emitters and corresponding detectors to detect light reflected back from the

banknote 1.

In the forgoing example the mapping of the sample frame F1 to the reference
frame F2 is performed with the origins O1, O2 for the frames being set at a corner
of the data arrays in the two frames. As will be explained later, this can be done
even in the event that the banknote is damaged and the corner corresponding to
O1 is missing. Also, the origins for the frames can be placed at other locations in

the arrays that correspond to one another e.g. at their centres.

Figures 12 and 13 illustrate another embodiment of banknote acceptor according
to the invention. The views of Figures 12 and 13 are generally similar to those of
Figures 1 and 2 and like component parts are marked with the same reference

numerals. In Figures 12 and 13, the banknote 1 travels from right to left through

the sensing station S, in the direction of arrow 3.

As shown clearly in Figure 13, the banknote under test can be illuminated in three
different ways to test its reflective properties on each side and also its transmissive
properties. To test reflection from the upper surface of the banknote, a light

source 15-1 extends transversely across the platen 9 and directs optical radiation
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downwardly in a flat beam across the entire width of the platen 9. The optical
radiation is reflected by the banknote 1 towards planar mirror 17-1, which directs
the reflected radiation towards sensor 19-1. The sensor 19-1 in this example
comprises a TAOS device with a row of 120 pixel CCD sensors. In use, only a
portion of the row of pixels is used in order to accommodate variances in
alighment that occur during manufacture, for example only a successive run 102 of
the 120 pixels may be utilised for signal processing when detecting banknotes.

The light source 15-1 comprises a light box containing an array of LEDs as
described with reference to Figure 1 and 2, covered by a translucent, diffusing

sheet.

A telecentric lens arrangement comprising converging lens 42-1 and associated
stop 43-1 directs light from the mirror 17-1 onto the sensor 19-1. The telecentric
lens arrangement is used instead of the fan shaped lens 18 shown in Figure 1, and
has the advantage of providing an image of fixed size regardless of any variation
in distance of the banknote 1 from the lens 42-1 in the region of the sensing
station S. The image focus quality will change slightly with variations in distance to
the banknote, but the image will not change in size. The use of a small aperture for
the stop 43-1 increases the depth of field and so make focus errors of less
significance. The advantage of this lens system is that is despite movement of the
banknote relative to imaging system and assembly errors in the building of the
apparatus, the image size will always cover the same number of pixels on the CCD
sensor array 19-1. This ensures that there are no practical errors in scanning if the
banknote moves up or down during its passge through the sensing station S.
Furthermore, changes in position due to wrinkled bills as compared to smooth
ones, or from one acceptor to another, are also minimised. As a result, the
acceptor can be constructed with wide tolerances in its optical system, which
reduces the requirements for calibration of the device. The high light intensity of
the light box 15-1 allows use of a small aperture for the stop 43-1 without

increasing exposure times beyond efficient functional limits.
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In order to test the transmission properties of the banknote, a second light source
15-2 extends across the width of the platen 9 and directs optical radiation
downwardly through a transparent window 44 towards mirror 17-2 where it is
reflected through a telecentric lens 42-2 with an associated stop 43-2, to a second

CCD sensor array 19-2.

The reflective properties of the underside of the banknote are tested using a third
optical source 15-3 that directs optical radiation into region of the window 44, to
be reflected by the banknote towards mirror 17-2 and then to sensor 19-2 via

mirror 17-2 and telecentric lens arrangement 42-2, 42-3.

The banknote thus can be analysed in terms of its optically reflective properties on
both sides, and also in terms of its transmissive properties. Appropriate data can
be gathered by selective use of the light sources 15-1, 2, 3, so as to provide
sampling data to the processing circuitry 21. The banknote can be accepted or
rejected in the manner described with reference to Figures 1 and 2, by using the
gate 5 to direct acceptable banknotes along accept path 6 and rejected banknotes
along reject path 7. Alternatively, the belt 14 can be driven in reverse to reject the
banknote 1 through the inlet 2 after it has been fed in its entirety from the inlet 2

through the sensing station S.

When the banknote 1 is initially inserted into the inlet 2, the drive belt 14
progressively moves the banknote through the sensing station S so that successive
rows of pixel data are developed by the sensors 42 over the entire surface region
of the banknote in the manner previously described with reference to Figures 1
and 2. In this example, it is assumed that the rows of pixelated data are derived
from the use of optical source 15-1 and associated CCD detector 19-1 although
the ensuing description applies equally well to data developed at sensor 19-2 in

response to optical radiation from light sources 15-2 or 15-3.

The de-skewing of the pixelated data from the banknote sampling frame F1 to the

reference frame F2 will now be described with reference to Figures 14 and 15.
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Figure 14 illustrates the process steps performed by a de-skewing algorithm run by
the micro controller 22 shown in Figure 3. It will be understood that when the
banknote has passed completely through the sensing station S shown in Figure 13,
two-dimensional array of pixelated data is created, which is stored in memory 23
shown in Figure 3. The capturing of the two-dimensional array of pixelated data is
illustrated at step S14.1 in Figure 14. Figure 15A illustrates the resulting array of
pixelated data schematically. The array is created in the reference frame F2. The
outline of the banknote 1 as defined by the pixelated data is also shown, which
defines the banknote sampling frame F1. The banknote sampling frame F1 is
skewed relative to the reference frame F2 as previously described because the
platen 9 is wider than the banknote 1, so that the banknote can enter within a
range of angles. The reference frame F2 has an ordinate y2 and an abscissa x2.
The perimeter of the banknote 1 is shown having a longitudinal dimension /and a
transverse width dimension ». The edges of the banknote define the ordinate y7

and an abscissa x7 of the reference frame F1.

Optical radiation from source 15-1 reflected by the banknote 1 generally exceeds a
predetermined threshold whereas optical radiation from regions of the platen 9
surrounding the banknote is not reflected significantly and therefore produces a
lower signal value at the CCD sensor array 19-1 and so the edges of the banknotes
can be determined by seeking step transitions in the values of the pixelated data

corresponding to the banknote edges.

The de-skewing algorithm is configured to identify the edges of the banknote so as
to define the banknote sampling frame F1 and then to transform selected data
from the banknote into the reference frame F2 for comparison with stored data,

so that authenticity of the banknote can be determined.

The scanning of the banknote at step 14.1 produces a large amount of data and the
de-skewing algorithm is configured to allow efficient, rapid processing of the data

so that reliable authentication of the banknote can be carried out on-the-fly.
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In step 14.2, an approximate centre M of the banknote 1 is located. This is carried
out by analysing the pixelated data derived at step S14.1 along horizontal and
vertical centre lines of the array, along lines p-p’ and q-q’ shown in Figure 15A.
The pixelated data lying along these centre lines undergoes a sharp transition in
value at the edges of the banknote 1 due to the change in reflection properties
associated with the banknote 1 as compared with the remainder of the platen 9.
The transitions associated with the banknote edges at positions p, p’, q, q’ are
located in this way. The midpoint pm between p and p’ is then computed, along
with the midpoint qm between q and q’. This corresponds to the coordinates of a

position M in the reference frame F2, where M = (pm, qm).

The point M is an approximation of the midpoint of the banknote 1. Midpoint M
does not need to be accurately located at the centre of the banknote 1. Its
purpose is to provide an origin within the perimeter of the banknote from which
series of scanning lines can be analysed in the pixelated data in order to define
edge points around the parameter of the banknote 1 as will now be explained in

mote detail.

Figure 15B illustrates the scanning lines as a sunburst of radially extending
scanning lines RL1, RL2, RL3, that extend from the midpoint M of the banknote
through the array of pixelated data. The scanning lines RL may be equally
angularly spaced, but in order to provide computational simplicity, they may
extend to predetermined coordinate positions around the perimeter of the array of
the pixelated data e.g. to positions SB1, SB2, etc. When the pixelated data is
scanned along each of the scanning lines, a sharp transition in value occurs at
locations corresponding to the edge of the banknote 1, thereby enabling edge
points to be detected. Scanning can be performed in either direction along the

scanning lines RL.

As shown in Figure 15B, an edge point e7 is located along scanning line RLL1, edge

point ¢2 is detected on scanning line RL2 and point ¢3 is detected along scanning
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line RL3, etc. Itis to be noted that the banknote has a damaged edge in the region
of point ¢3 and so the edge point e3 does not lie on the true straight edge of the
banknote illustrated by dotted line 45. Similarly, the banknote is damaged in one
corner so that detected edge point ¢4 does not lie on the true perimeter edge of

the banknote.

The advantage of using the sunburst configuration of scanning lines RL is that the
amount of data to be processed is reduced as compared with an analysis of all of
the data in the rectangular pixelated array in reference frame F2. If all of the
pixelated data were scanned for banknote edge transitions, much of the processing
time would be spent scanning the area of the platen 9 surrounding the banknote,
where no useful data is to be found, which is time consuming and would
undesirably slow the process. Also, the scanning lines RL traverse the perimeter
edges of the banknote 1 less obliquely than the rows x of the pixelated data
produced by the CCD sensor array 19-1 in the reference frame F2, which
improves the positional accuracy of the detected edge points e along the shorter,

transverse edges of the banknote.

The number of scanning lines RL is selected depending on the processing power

of the micro controller 22 and can be scaled according to its processing power.

Thus, a series of points ¢/-¢, are identified, each of which corresponds to the
coordinates in reference frame F2 of edge positions of the banknote 1. A gradient
associated with each of the edge points ¢ is then determined, for example by
considering the slope between each edge point e and its next adjacent point. The
gradient associated with each of the edge points e falls into one of two
populations. The edge points of the first population have a relatively low gradient
associated with edge points along the longitudinal side edges / of the banknote 1.
The edge points of the second population have a relatively high gradient
associated with edge points along the transverse side edges » of the banknote 1.
Because the entry angle of the banknote 1 relative to the platen 9 can only vary a

limited amount from banknote to banknote e.g. 15 degrees, the relationship of the
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population distributions always holds true, although the actual values of the

gradients for the populations will vary depending on the entry angle.

The mode value or some other average of the gradients associated with the points
of the first population is then computed at step S14.4. This mode value is an
estimation of the slope of the longitudinal side edges of the banknote 1 in the
reference frame F2. The processor 23 then simulates an arbitrary line
corresponding to the slope illustrated by patch line 46 in Figure 15C. A distance
ya of the points ei0 from the line 46 is then computed for points within the first
population. The points having the greatest value of y, are selected as best
estimates of the banknote edge, the points being circled in Figure 15C. In this
way, points which lie on the damaged edge e.g. in region 45, can be rejected.
Then, straight lines of the form y = mx+c can be fitted to the best estimates of
the longitudinal note edges at step S14.6. It will be understood that the best fit
lines of the form y = mx+c for the longitudinal edges are defined in the reference

frame F2.

The process is then repeated at steps $14.7— 514.9 in respect of the second
population of edge points which relate to the transverse edges » of the banknote
1. The best fit transverse edge points are created at step S14.8 as illustrated in
Figure 15D, by selecting edge points of maximal distance xm from the estimated

slope indicated by hatched line 47.

Then, at step S14.10 the corners of the banknote are estimated by calculating the
points of intersection of the best fit lines that describe the four side edges of the
banknote 1, as illustrated in Figure 15E. Thus, the coordinates of the four corner
points are calculated in reference frame F2. As shown in the top right hand
corner of the banknote 1, the effect of a damaged corner does not confuse or

degrade the positional data in regard to the banknote 1.

Thus, the position of the banknote 1 is now defined in the reference frame F2. At

step S14.11, the pixel data for selected locations in the banknote are transformed
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into the reference frame. For example, if it is desired to look at location which is
25% down from the upper edge of the banknote and 80% along its length, as
shown in Figure 15F, this position can be calculated in reference frame F2 from
the knowledge of the corners and side edges of the sampled banknote in the
reference frame F2. Pixels in the selected positions on the banknote can then be
compared at step S14.12 with corresponding reference data stored in the memory
23 of Figure 3 by micro controller 22. The banknote can then be accepted or

rejected on the basis of the comparison carried out at step S14.13.

The transformation, comparison and acceptance steps $14.11-514.13 will now be
described in more detail with reference to Figure 16. Having estimated the
locations of the corners of the banknote 1 at step S14.10, the dimensions of the
banknote can be determined. Then, referring to Figure 16, the dimensions of the
detected banknote are compared with stored values of dimensions of acceptable
banknotes held in memory 23. The stored values may comprise a window ranges
of length and width dimensions associated with each individual denomination of
banknote that can be accepted by the banknote acceptor. The window of ranges
allows for small manufacturing tolerances in the acceptor and banknotes to be
tolerated. This comparison is carried out at step S16.1 in Figure 16 to provide an
initial indication of the denomination of the banknote. If no match is found at
step S16.2, the banknote is rejected at step $16.3. However, if a match is found,
stored data corresponding to pre-selected locations on the banknote for the
particular denomination of the banknote are fetched from memory 23, based on
the denomination signified by the detected dimensions of the banknote. It has
been found that for individual banknote denominations, there are regions of the
banknote which are particularly distinctive and provide good characterisation of
the banknote denomination, which obviates the need to check all of the pixel data
from the entire surface area of the banknote that simplifies and speeds up the data
processing. Location data corresponding to these regions are stored in the
memory 23 in association with data corresponding to the dimensions of the

banknote for respective individual denominations.
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Then, at step S16.5, the pixel data for the banknote 1 captured during step S14.1 is
transformed selectively into the reference frame F2, for the locations on the

banknote that were fetched from the memory for the particular denomination, at

step S16.4.

The transformed pixel data from the selected locations of the banknote is then
compared with corresponding stored values for the particular denomination
fetched from memory 23. The pixel values correspond to the intensity of reflected
light from particular pixel areas of the banknote e.g. on a 1-256 greyscale. The
pixels may in fact comprise groups of pixels. The data held in memory 23 may
comprise data ranges or windows, within which the detected pixel values must fall
in order to signify an acceptable banknote. The acceptability is tested at step
S16.7 and if the transformed data from the banknote 1 matches the pixel data
fetched from memory 23, the banknote is accepted at step S16.8 but otherwise
rejected at step S16.3. The acceptability can be determined by mean squared

summing method described with reference to Figure 8.

In a modification, a user operable override at step S 16.9 may be provided so allow
the user to override rejection of the banknote and allow it to be accepted. This can
be useful at a point of sale device where a till operator manually inspects a worn
banknote, which is not accepted by the device but nevertheless is acceptable to the
operator. The override is only available to authorised personnel and can be useful
to allow the operator to prevent a hold up in a checkout queue, where a customer

offers a worn banknote and has no other convenient means of paying.

The selected regions of the banknote used to authenticate a particular
denomination can be determined by trial and experiment so that particular regions
which are difficult for a fraudster to replicate can be used for discrimination
purposes. The areas selected can be programmed into the banknote acceptor
using a programming tool illustrated in Figure 3. The programming tool
comprises a processor and display screen, which comprises a laptop computer 49

in this example, although other similar devices can be used such as a workstation
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or a portable, bespoke programming tool for use in the field. The laptop computer
is temporarily connected to micro controller 22 through lead 50 or through a

wireless connection.

In order to program the selected areas, an acceptable banknote for a particular
denomination is fed into inlet 2 of the banknote acceptor. Pixelated data
corresponding to the banknote is captured as previously described with reference
to Figure 14 and then de-skewed using the de-skewing algorithm previously
described. Thus, steps $14.1-14.10 are performed as previously described. Then,
instead of transforming selected locations of the banknote, all of the pixelated data
for the banknote is transformed into the reference frame F2 as shown at step
S18.1 of Figure 18. The resulting data is then displayed on the screen of the
computer 49 shown in Figure 3, to provide a display as illustrated in Figure 17.
Then, using the mouse or other control device of the computer, a selection region
51 illustrated in dotted outline is manoeuvred to be coextensive with a selected

region of the banknote as displayed on computer 49.

Then, at step S18.3, the coordinates of the selected region are stored.
Additionally, the pixel data within the selected region 52 is stored along with the
dimensions of the banknote and data corresponding to its denomination. In this
way, the data used in the authentication process described in Figure 16 can be
stored in the memory and also adapted over time to take account of different
authentication experiences so that enhanced location selection can be carried out
to improve the authentication process. For example, different regions 53, 54
shown in Figure 17 may be added or substituted for selection region 52 for a
banknote of a particular denomination. The regions can be of different selectable
shapes and sizes. For example the selected region 53 is a generally circular region
of the pixelated data, whereas the region 54 is of a slalom configuration, extending
between regions of interest disposed at different locations on the banknote 1. The
regions 52, 53 and 54 are each wholly within and spaced from the perimeter of the
banknote 1. Also, the stripes 33 described with reference to Figure 5 can be used

either in combination with or instead of the regions 52-54.
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Banknote acceptors according to the invention need not be programmed and
updated individually. Instead, the selection process shown in Figures 17 and 18
can be carried out centrally and the resulting data downloaded to a group of
individual acceptors, for example through a network or by means of a plug-in flash

memory or other suitable techniques open to those skilled in the art.

The described embodiments of the invention have the advantage that no
mechanical arrangement is needed to align the incoming banknote with a particular
orientation relative to the sensing station S. Also, the device can accept and reject
banknotes of different sizes. To this end, the processing of the data samples may
include making an estimation of the length and width of the sampled data array in
order to select which of the reference data from the memory 23 is to be compared
with the transformed data array, so as only to select data corresponding to
candidate denominations of banknote corresponding to the dimensions of the

sampled data array.

Whilst examples of the invention have been described in relation to banknotes, the
invention can also be used with other sheet objects such as tokens and sheets
which do not necessarily have an attributable monetary value. For example, the
device may be operable to accept or reject sheet objects prepared by general
printing or machine readable characters such as barcodes. Other examples of sheet

objects are bank cheques, coupons and tokens that may be coded with a barcode.

Different types of light sources can be used for the or each source 15. Rather than
using optical radiation from a broadband source, one or more narrow bands can
be used, either by filtering the broadband source or by providing individual
sources that emit a respective narrow band, which may themselves be filtered with
external filters. The term “optical radiation” as used herein includes visible and
non-visible radiation such as ultraviolet and infra-red. The filtering may be

performed in the vicinity of the or each light source, the sensor array or elsewhere.
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Also, different sensor arrangements can be used for the sensing station S. For
example, an optical fibre array may be used either in transmission or for reflection
both to guide optical radiation to the sensing station and also to derive the data

samples.

Furthermore, the pixelated arrays may include sub-pixels to allow different
wavelength ranges to be processed individually, so that an analysis can be

performed for the data samples e.g. in primary colours.
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Claims

1. An acceptor device for sheet objects, comprising

a sensor to derive data corresponding to a spatial array of data samples
from a face of a sheet object, said data being configured in a sampling frame that
lies within a range of positional relationships to a reference frame; and

processing means operable to process the data to determine the
relationship between the reference frame and the sampling frame for the sensed
data, and being operable to transform pre-selected regions of the sensed data from
the sampling frame so as to correspond to data in the reference frame, and to
make a comparison of the transformed data with reference data corresponding to
the pre-selected regions in the reference frame that define acceptability criteria for
sheet objects in said reference frame, and

acceptor means for accepting the sheet object depending on the outcome

of the comparison.

2. A device according to claim 1 wherein the sensor comprises an array of
detectors configured to sample a plurality of rows of data samples from the sheet

object.

3. A device according to claim 2 including an inlet for a sheet object, a path
extending from the inlet through a sensing station whereat the sensor is operable
to sample a plurality of rows of samples of data from the sheet object as it passes

through the sensing station.

4. A device according to any preceding claim wherein the processing means is
operable to identify a predetermined location in the array of the sampled data in

the sampling frame relative to a corresponding location in the reference frame.
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5. A device according to claim 4 operable to accept sheet objects with a
generally symmetrical quadrilateral periphery, and said identified location

corresponds to a corner of the sheet object.

6. A device according to any preceding claim wherein the processing means is
operable to identify the orientation of the array of the sampled data in the

sampling frame relative to the reference frame.

7. A device according to claim 6 wherein the orientation is identified by an

analysis of edge regions of the array of data samples.

8. A device according to any one of claims 4 to 7 wherein the processing
means is operable to transform the sample data into the reference frame using said

identified location and/or said identified orientation.

9. A device according to any preceding claim wherein the sensor is an optical
sensot.
10. A device according to claim 9 including a source to transmit optical

radiation through the sheet object to the sensor.

11. A device according to claim 9 including a source to transmit optical

radiation to be reflected from the sheet object to the sensor.

12. A device according to any one of claims 9 to 11 including a telecentric
lens arrangement for directing the optical radiation from the sheet object to the

sS€Nnsor.

13. A device according to any preceding claim wherein the sensor comprises a

spatial array of sensor elements.
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14. A device according to claim 13 wherein said sample data is derived from

only some of the sensor elements in the array.

15. A device according to any preceding claim wherein the processing means is
operable to:

make an initial determination of a particular denomination for the sensed
sheet object, and based on the outcome of said determination,

to obtain stored information in the reference frame corresponding to pre-
selected locations on the sheet object of said particular denomination and stored
reference data values for the pre-selected locations,

transform sensed data for the sheet object from the sample frame to
reference frame for the pre-selected locations, and

to compare the transformed data with the stored reference data values to

determine authenticity of the sensed sheet object.

16. A device according to any preceding claim wherein the processor means is
operable to perform a scan through the data samples and identify locations
corresponding to edges of the sheet object, and to determine a spatial relationship
between the sample frame and the reference frame based on the identified

locations of the sheet object.

17. A device according to claim 16 wherein the processor means is operable
to identify an approximate mid location within the perimeter of the sheet object,
to define scanning lines extending outwardly from said approximate mid location
and traversing locations corresponding to edges of the sheet object, and to scan
data samples along the scanning lines to identify locations corresponding to edges

of the sheet object.

18. A device according to claim 17 wherein said mid location corresponds to a

mid point of the array of data samples in said reference frame.
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19. A device according to claim 16, 17 or 18 wherein the processor is operable
to provide data corresponding to the gradient of the edge of the sheet object for

the edge points.

20. A device according to claim 19 wherein the processor is operable to group
the identified edge points so as to correspond to particular edges of the sheet

object based on said gradient data.

21. A device according to any one of claims 17 to 20 wherein the processor
means is operable to fit edge lines through the edge points to define the edges of

the sampled sheet object.

22, A device according to claim 21 wherein the processor means is operable to
compute where said edge lines intersect so as to identify the locations of corners

of the object in the reference frame.

23. A device according to any preceding claim including an override control
for selectively causing the acceptor to accept the sheet object irrespective of the

outcome of the comparison.

24. A program for the processor of an acceptor for sheet objects, that includes
a sensor to derive data corresponding to a spatial array of data samples from a face
of a sheet object, said data being configured in a sampling frame that lies within a
range of positional relationships to a reference frame;

the program being operable to control the processor to process the sample data

to determine the relationship between the reference frame and the sampling frame
for the sensed data, to transform pre-selected regions of the sensed data from the
sampling frame so as to correspond to data in the reference frame, and to make a
comparison of the transformed data with reference data corresponding to the pre-
selected regions in the reference frame that define acceptability criteria for sheet

objects in said reference frame
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25. A method of accepting sheet objects comprising

deriving data corresponding to a spatial array of data samples from a face
of a sheet object, said array being configured in a sampling frame that lies within a
range of positional relationships to a reference frame; and

processing the data to determine the relationship between the sampling
frame for the sensed data array and the reference frame, and to transform at least
pre-selected locations in the sensed data from the sampling frame so as to
correspond to data in the reference frame, and to make a comparison of the
transformed data with reference data corresponding to acceptability criteria for
pre-selected locations of the sheet object in said reference frame, and

accepting the sheet object depending on the outcome of the comparison.

26. A method according to claim 25 including deriving said sampled data

without pre-positioning the sheet object against a mechanical guide.

27. A method according to claim 25 or 26 including:

making an initial determination of a particular denomination for the sensed
sheet object, and based on the outcome of said determination,

obtaining stored information in the reference frame corresponding to pre-
selected locations on the sheet object of said particular denomination and stored
reference data values for the pre-selected locations,

transforming sensed data for the sheet object from the sample frame to
reference frame for the pre-selected locations, and

comparing the transformed data with the stored reference data values to

determine authenticity of the sensed sheet object.

28. A method according to any one of claims 25 to 27 including performing a
scan through the data samples and identify locations corresponding to edges of the
sheet object, and to determine a spatial relationship between the sample frame and

the reference frame based on the identified locations of the sheet object.
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29. A method according to claim 28 including identifying a mid location
within the perimeter of the sheet object, defining scanning lines extending
outwardly from the mid location and traversing locations corresponding to edges
of the sheet object, and scanning data samples along the scanning lines to identify

locations corresponding to edges of the sheet object.

30. A device according to claim 28 or 29 including providing data
corresponding to the gradient of the edge of the sheet object for the edge points.

31. A method according to claim 30 including grouping the identified edge
points so as to correspond to particular edges of the sheet object based on said

gradient data.

32. A method according to any one of claims 28 to 32 including fitting edge

lines through the edge points to define the edges of the sampled sheet object.

33. A method according to claim 32 including computing where said edge lines
intersect so as to identify the locations of corners of the object in the reference

frame.

34. A method according to any one of claims 27 to 33 including selectively

accepting the sheet object irrespective of the outcome of the comparison.

35. A method of accepting banknotes as claimed in any one of claims 25 to 35.

36. A computer program operable to perform a method as claimed in any one

of claims 25 to 35.

37. A device for selectively programming an acceptor for sheet objects
according to any one of claims 1 to 22 comprising a processor and a display
device, configured to receive said a spatial array of data samples from a face of a

reference sheet object of a known denomination, and to provide a visual display
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thereof, a user interface to allow a user to define on the display at least one
selected location in said array of data samples, the processor being operable to
provide a data set comprising data corresponding to said selected locations
together with data corresponding to the samples form said location and data
corresponding to the denomination of the sheet object, for storage in the

acceptot.

38. A method of selectively programming an acceptor for sheet objects
according to any one of claims 1 to 22 comprising

receiving said a spatial array of data samples from a face of a reference
sheet object of a known denomination

providing a visual display thereof,

defining at least one selected location in said array of data samples, and

providing a data set comprising data corresponding to said selected
locations together with data corresponding to the samples form said location and
data corresponding to the denomination of the sheet object, for storage in the

acceptot.

39. A computer program to be run by a processor to perform a method as

claimed in claim 38.
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