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Description

[0001] Thisinventionrelates toan apparatus for check-
ing coins. It also relates to a method of checking coins.
[0002] Coin checking apparatuses are used to recog-
nise and check automatically the authenticity of different
coins. The term "coin" is used herein as an umbrella term
encompassing all items that may pass through a coin
checking apparatus. It should be taken to include without
limitation not only coins having monetary value but also
any type of similar item, such as tokens, casino chips,
counterfeit coins, etc., that may end up in a coin checking
apparatus. Coin checking apparatuses are found in vend-
ing machines, change machines, slot machines, change
deposit machines, and any other machines that rely on
coin based payments.

[0003] A known coin checking apparatus is described
in GB-B-2369710. In this arrangement, two laser diodes
are provided that each generate a collimated light beam
directed onto a face of a coin. Respective CMOS based
arrays of photodetectors behind the coin are used to de-
tectwhere the beams are intercepted by the coin. A shad-
ow cast by the coin is detected by the photodetectors to
give an indication of certain characteristics of the coin,
such as its diameter and the presence of milling on the
edges ofthe coin, etc.. These characteristics can be used
to identify the coin and check that it is not a forgery.
[0004] However, as technologiesimprove, sotoo does
the quality of forgeries, and measures need to be putin
place to stay one step ahead of the forgers.

[0005] Viewedfrom afirstaspect, the presentinvention
provides a coin checking apparatus comprising a coin
path and an optical sensor arranged to scan a coin pass-
ing along the coin path. The optical sensor comprises a
light source configured to emit light, an optical guide con-
figured to direct the light from the light source to the coin
path, and a photodetector configured to detect light from
the light source that is reflected by the coin and returned
by the optical guide. The light source and the photode-
tector may be provided within a single package.

[0006] The coin checking apparatus of the first aspect
therefore provides a new technique for the checking of
coins, namely the utilisation of light reflected from the
surface of the coin allowing for surface features of the
coin to be examined. This can be particularly useful for
the identification of forged coins, as the surface features
of forged coins may not be entirely consistent with those
of genuine coins. Furthermore, the surface features of
forged coins are often not as precise or accurately formed
as those of genuine coins.

[0007] Theterm "package"isintended to mean a sem-
iconductor package where the components of the light
source and photodetector are mounted on a common
header and/or share one or more common electrical
leads. By providing the light source and photodetector
within the same package, the apparatus may be made
more compact as only a single, simple optical guide is
required.
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[0008] Preferably, the semiconductor light source is a
laser diode. The highly collimated light emitted by a laser
diode is easier to focus and collimate that other suitable
light sources, such as light emitting diodes (LED). There-
fore providing a much more accurate measurement of
the features of the coin, without the need for a complex
and expensive optical system.

[0009] The optical sensor is preferably arranged to
scan a surface of the coin that is substantially perpen-
dicular to the direction of light emitted from the optical
guide, so as to maximise the degree of light reflected by
the coin that is received by the photodetector. Preferably
the optical sensor is arranged to scan a face of the coin,
as the most distinguishing surface features of the coin
are present on the coin face. However, the optical sensor
may of course instead be arranged to scan the coin from
other directions, for example, the edge of the coin.
[0010] The apparatus may further comprise a process-
ing device configured to analyse an output from the pho-
todetector as the coin moves along the coin path. The
processing device may be configured to compare the out-
put from the photodetector against stored outputs to de-
termine if the coin is genuine and/or to analyse changes
in reflectivity across a face of the coin as it moves along
the coin path. The stored outputs preferably correspond
to genuine coins, more preferably acceptable genuine
coins, such as coins of the correct currency. The stored
outputs may also include those of known forged coins
and/or known non-acceptable coins, for example, genu-
ine foreign coins.

[0011] By such analysis, the coin checking apparatus
can accurately determine whether the coin matches the
expected values for a genuine coin.

[0012] The processing device may further be config-
ured to determine a diameter or a chord length of the
coin based on the output of the photodetector. The di-
ameter of an acceptable coin will be known to a high
degree of precision. This step can therefore be useful
either for the coin identification, e.g. of its denomination
etc, as well as for identifying incorrect coins that do not
match those dimensions of accepted coins, for example,
forged coins or foreign coins.

[0013] Theapparatus mayfurther comprise afirstarray
of photodetectors arranged to detect light emitted by the
light source that has passed through a first region of the
coin path without being interrupted by the coin. A second
array of photodetectors may also be arranged to detect
light emitted by the light source that has passed through
a second region of the coin path without being interrupted
by the coin. The optical guide may be arranged to split
the light from the light source, for example, using an op-
tical splitter, and to guide the split light through the first
and second regions of the coin path to the respective
array of photodetectors. Alternatively, a second optical
sensor may be provided to illuminate the second array
of photodetectors.

[0014] The array(s) of photodetectors may be ar-
ranged in any suitable manner, for example, in appropri-
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ate positions for determining the diameter of a chord
length of the coin. For example, the array(s) may be linear
array(s) arranged along the direction of movement of the
coin along the coin path. Alternatively the arrays may be
arranged across the direction of movement. If the coin is
rolling or sliding along a track, where the position of one
edge portion of the coin will be known, the array may only
need to capture one edge portion of the coin to determine
its diameter.

[0015] The processing device may be configured to
determine a diameter or a chord length of the coin, and/or
to determine edge features of the coin, based on an out-
put of the photodetectors provided in the array(s) of pho-
todetectors.

[0016] The useofoneormore arrays of photodetectors
can provide a highly accurate indication of the diameter
of the coin. As discussed above, this can be useful either
for the identification of an acceptable coin as well as for
identifying incorrect coins that do not match those dimen-
sions of accepted coins. The use of such arrays of pho-
todetectors may also be used to determine edge features
of the coin, for example, milling. This arrangement allows
a single light source to provide light for multiple types of
sensors, i.e., the array(s) of photodetectors as well as
the photodetector of the optical sensor. Hence, this syn-
ergistic combination of sensors provides a compact coin
checking apparatus with few components.

[0017] Where the optical guide comprises a
waveguide, the waveguide may be a substantially Y-
shaped member, having an entry for light to enter the
waveguide from a light source and first and second exits
for light to exit the waveguide, wherein the first and sec-
ond exits are separated by a space. An auxiliary sensor
may be arranged within the space between the first and
second exits of the waveguide and adjacent to the coin
path, the auxiliary sensor being a sensor measuring elec-
trical or magnetic properties of the coin. The auxiliary
sensor may be selected from the group consisting of an
inductive sensor, a capacitive sensor, and a hall effect
sensor.

[0018] This arrangement allows for a more simplified
configuration as there is no need to provide photodetec-
tors corresponding with the middle of the coin, which will
be completely in shadow. This combination allows for a
more efficient use of the available space, whilst still al-
lowing the diameter of the entire coin to be scanned using
a single light source to illuminate both sensor arrays. As
the same light source supplies light to both arrays of pho-
todetectors, the beam of light to each sensor may be the
same, improving repeatability of measurements.

[0019] The apparatus may be arranged to scan both
sides of a coin passing along the coin path. This can be
useful in the detection of forged coins for a number of
reasons. First, it provides two different outputs, which of
course provides twice the information for analysis. Sec-
ondly, the faces of forged coins may sometimes be mis-
aligned. Thus, having scanned both sides of the coin, the
processing device may be configured to determine an
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alignment of each face of the coin, and to compare the
alignments of the coin faces, for example, to determine
if they are misaligned.

[0020] In one arrangement, the optical guide may be
arranged to direct light from the light source through one
region of the coin path in a first direction, and to direct
light through another region of the coin path from a sec-
ond direction, such that light travelling in the first direction
illuminates one side of the coin and light travelling in the
second direction illuminates an opposite side of the coin.
[0021] In this arrangement, the first and second re-
gions of the coin path are preferably sufficiently separat-
ed from one another such that a coin moving along the
coin path does not simultaneously interrupt light in the
first region and in the second region.

[0022] In an alternative arrangement, a second optical
sensor may be provided, arranged to scan a coin passing
along the coin path, wherein the first and second optical
sensors are arranged to scan opposite sides of the coin.
The second optical sensor may also comprise a light
source configured to emit light, an optical guide config-
ured to direct the light from the light source to the coin
path, and a photodetector configured to detect light from
the light source that is reflected by the coin and returned
along the optical guide, wherein the light source and the
photodetector are provided within a single package.
[0023] Preferably the light source is a vertical cavity
surface emitting laser (VCSEL). A VCSEL provides an
extremely high contrast ratio, which is much higher than
that of other reflective sensors without expensive bulky
optics. Furthermore, a VCSEL is highly efficient and has
narrow divergence.

[0024] Viewed from a second aspect, the present in-
vention also provides a method of checking a coin. The
method comprises emitting light using a light source, di-
recting the light from the light source to a coin path, mov-
ing a coin along the coin path so as to interrupt the light
emitted by the light source, and detecting light reflected
by the coin using a photodetector that is preferably pro-
vided within the same package as the light source.
[0025] The method preferably further comprises deter-
mining a diameter or chord length of the coin based on
an output of the photodetector as the coin moves along
the coin path. The method may include comparing an
output from the photodetector against stored outputs to
determine if the coin is genuine and acceptable.

[0026] The method may include detecting, using an
array of photodetectors, light emitted by the light source
that has passed through a first region of the coin path
without being interrupted by the coin. Optionally, the
method may also include detecting, using a second array
of photodetectors, light emitted by the light source that
has passed through a second region of the coin path
without being interrupted by the coin. Then, directing the
light from the light source to the coin path may comprise
splitting the light from the light source and guiding the
split light respectively through the first and second re-
gions of the coin path to the respective array of photo-
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detectors.

[0027] A diameter or chord length of the coin, and/or
characteristics of edge features of the coin, may be de-
termined based on an output of the sensor array(s).
[0028] The method may scan both sides of a coin pass-
ing along the coin path. This may be achieved by using
two optical sensors, or by passing the light from one op-
tical sensor through the coin path at two locations and in
different directions.

[0029] In one arrangement, the method may further
comprise emitting light using a second light source and
directing the light from the second light source to a coin
path, such that the light from the first light source illumi-
nates a first side of the coin and light from the second
light source illuminates a second opposing side of the
coin.

[0030] Inanalternative arrangement, directing the light
from the light source to a coin path and moving a coin
along the coin path so as to interrupt the light emitted by
the light source comprises: directing the light from the
light source through a first portion of the coin path in a
first direction; directing the light to a second portion of
the coin path from a second direction; and moving the
coin along the coin path so as to interrupt the light emitted
by the light source at the first portion of the coin path, but
not at the second portion; and moving the coin along the
coin path so as to interrupt the light emitted by the light
source at the second portion of the coin path, but not at
the first portion.

[0031] Preferably the semiconductor light source in
these methods of coin checking is a vertical cavity surface
emitting laser (VCSEL).

[0032] In addition to the above, there also exists an
ongoing need to provide cheaper and more consistent
coin checking.

[0033] Viewed from a third aspect, the present inven-
tion provides a coin checking apparatus comprising: a
coin path; alaser diode configured to emit light; an optical
guide arranged to split the light from the laser diode and
to guide the split light through first and second regions
of the coin path respectively; a first array of photodetec-
tors arranged to detect light emitted by the laser diode
that has passed through the first region of the coin path
without being interrupted by the coin; and a second array
of photodetectors arranged to detect light emitted by the
laser diode that has passed through the second region
of the coin path without being interrupted by the coin.
[0034] llluminating a single array of photodetectors
which is sufficiently wide to scan the entire diameter of
all standard coins presents problems when using a single
light source, because of the power available from com-
mercial laser diodes. Thus, prior art arrangements have
instead provided two or more, spaced apart arrays of
sensors to detect opposing edges of a coin as it passes
over the sensors. Using the apparatus of the third aspect,
a single laser diode may emit a beam of light, which is
then split and guided to respective first and second exits
where it can be used to illuminate those two arrays of
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photodetectors. Not only does this halve the number of
laser diodes required but it also can provide a longer
measuring region along the coin path or a wider meas-
uring region across the coin path than was previously
possible using a single light source. The latter can im-
prove the handling of coins where they are being checked
as they fall through the apparatus because greater coin
misalignment can be accommodated.

[0035] Thetwoarrays are preferably spaced apartfrom
each other by at least 5mm, more preferably 7.5mm and
more preferably still 10mm. This is because there is less
benefit to scanning for light in the middle region, as even
small coins will obscure this region. For example, the
smallest Euro coin (1 cent) has a diameter of 16.25 mm.
By not providing sensors in this region, the central region
does not need to be illuminated, and therefore greater
light intensity can be focused on the side regions, where
the opposite edge portions of the coin will pass.

[0036] A distance between the outermost edge of the
first array of photodetectors and the outermost edge of
the second array of photodetectors is preferably at least
26 mm, and more preferably at least 30 mm.

[0037] This ensures that even large coins passing over
the arrays will still allow light to reach the edges of the
array, allowing for an accurate measurement. The largest
Euro coin (2 euro coin) has a diameter of 25.75 mm.
Larger sensor arrays may be required for certain coun-
tries having wider coins, for example, the UK 2 pound
coin has a diameter of 28.4 mm.

[0038] Preferably, the optical guide is a waveguide
having an entry for receiving the light from the laser diode
and two exits for emitting light, respectively, to the first
and second array of photodetectors, the waveguide in-
cluding a splitter arranged to split the light from the laser
diode.

[0039] The waveguide may be substantially Y-shaped,
having a space between the first and second exits. An
auxiliary sensor may be arranged within the space be-
tween the first and second exits of the waveguide and
adjacent to the coin path, the auxiliary sensor being a
sensor measuring electrical and/or magnetic properties,
preferably selected from the group consisting of an in-
ductive sensor, a capacitive sensor, and a hall effect sen-
sor.

[0040] This arrangement allows for a more compact
configuration as there is no need to provide photodetec-
tors in the middle of the coin, which will be completely in
shadow when both edge portions of a coin are being
scanned. Thus, this combination allows for efficient use
ofthe available space, reducing the number of light sourc-
es whilst still allowing the diameter of the entire coin to
be scanned using a single laser diode to illuminate both
sensor arrays.

[0041] Preferably the optical guide is arranged to illu-
minate the first array of photodetectors and second ar-
rays of photodetectors with substantially equal light from
the laser diode.

[0042] The use of a single laser diode allows for more
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consistent light conditions, as compared for example to
using two laser diodes, across both arrays of photode-
tectors.

[0043] Preferably the laser diode is a vertical cavity
surface emitting laser (VCSEL).

[0044] The apparatus of the third aspect may also be
combined with any preferred features of the first aspect,
insofar as they are compatible, i.e. without the photode-
tector housed in the same package as the laser diode.
[0045] In this and the previous aspects, the array(s) of
photodetectors may comprise any suitable form of pho-
todetector, such as CMOS based devices, CCD devices,
etc.

[0046] Certain preferred embodiments of the present
invention will now be described in greater detail by way
of example only and with reference to the accompanying
drawings, in which:

Figure 1 is a side view of a coin checking apparatus
according to a first embodiment;

Figures 2A and 2B show an exemplary output of the
photodetector of the coin checking apparatus as a
coin moves along the coin path;

Figure 3 is a side view of a coin checking apparatus
according to a second embodiment;

Figure 4 is a cut-away top view of a coin checking
apparatus according to a third embodiment;

Figure 5 is a perspective view of the coin checking
apparatus according to the third embodiment;
Figure 6 is a perspective view of the coin checking
apparatus according to the third embodimentin com-
bination with a conveyor;

Figure 7 is a cut-away top view of a coin checking
apparatus according to a fourth embodiment;
Figure 8 is a perspective view of the coin checking
apparatus according to the fourth embodiment in
combination with a conveyor;

Figure 9 is a perspective view of an optical guide for
the coin checking apparatus according to the fourth
embodiment;

Figure 10 is a sectional top-view of the optical guide
shown in Figure 9;

Figure 11 is a perspective view of the coin checking
apparatus according to the fifth embodiment;
Figure 12 is a cut-away top view of the coin checking
apparatus according to the fifth embodiment; and
Figure 13 is a cut-away top view of a coin checking
apparatus according to a sixth embodiment.

First Embodiment

[0047] Figure 1 shows a coin checking apparatus 2
according to a first embodiment.

[0048] The coin checking apparatus 2 includes a coin
path 4 that a coin 6 passes along as it is being checked.
The coin path 4 is a space through the apparatus 2 where
the face of the coin 6 can be scanned on one side or
preferably both sides, and/or possibly at an edge of the
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coin. The coin can be moved along the coin path by any
suitable means. This may include, for example, a con-
veyor, where the coin may be moved along the coin path
4 by supports on the conveyor or by friction. It may also
include the coin 6 moving under the action of gravity, for
example, the coin 6 free-falling down through a gap in
the apparatus, or rolling or sliding along a track that de-
fines the coin path 4. The coin path 4 may be provided
in an assembly that comprises a housing and is part of
a much larger device, for example, where it is desirable
to check the authenticity of the coin 6 before it is paid out
to a user or deposited into a coin store.

[0049] The coin checking apparatus 2 also comprises
an optical sensor 8, which comprises a laser diode 10
and a photodetector 12 housed within the same package.
By "package" itis meant a semiconductor package where
the components of the laser diode 10 and photodetector
12 might share one or more common electrical leads, for
example, a transistor outline (TO) package complying
with the JEDEC standard. The laser diode 10 thus has
a photodetector 12 integrated within a common housing.
The laser diode 10 is preferably a vertical cavity surface
emitting laser (VCSEL). Suitable laser diodes 10 having
an integral photodetector 12 are commercially available.
[0050] Advances in laser diodes 10 of this type has
resulted in significant improvements in the resolution of
the photodetector 12, and this combined with recent im-
provements in real-time processing power has allowed
this apparatus to be developed.

[0051] The optical sensor 8 also includes an optical
guide 14 that is configured to direct light from the laser
diode 10 to the coin path 4. The optical guide 14 also
conveys light which is reflected from a surface of a coin
6 back towards the photodetector 12, which is housed in
the same package as the laser diode 10.

[0052] The optical guide 14 may be in the form of col-
limating optics, for example, as a set of lenses for pro-
ducing a collimated beam of light. The collimating optics
may include adiverginglens 16 to spread the light emitted
by the laser diode 10, and a converging lens 18 to colli-
mate the spread light. The optical guide 14 may also be
in the form of one or more prisms that modify the path of
the light, preferably to produce a collimated beam, as it
is guided to the coin path 4. In one example, the optical
guide 14 is a single prism. Preferably the light from the
laser diode 10 emerges from the optical guide 14 to pass
through the coin path 4 as a collimated beam in adirection
substantially perpendicular to the direction in which the
coin passes.

[0053] As a coin 6 passes along the coin path 4, it in-
terrupts the collimated light beam. The light impinging on
the surface of the coin 6 is scattered by the surface relief
of that portion of the coin 6, and some of the light is re-
flected back towards the laser diode 10 via the optical
guide 14. The photodetector 12, which is housed in the
same package as the laser diode 10, generates an output
based on the intensity of light it receives. As the coin 6
progresses along the coin path 4, the output generated
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by the photodetector 12 will vary according to the chang-
es in the surface relief and the variations in reflectivity
these changes provide.

[0054] The intensity of the reflected light received by
the photodetector 12 is affected by a number of factors.
These include, among others, the overall reflectivity of
the metal of the coin 6, the surface finish of the coin 6,
which will include areas where the coin 6 may have a
mirrored finish ("mirror face") or a textured finish, the uni-
formity of any surface features, the sharpness of the sur-
face features and, of course, which side or area of the
coin 6 that is being checked. Some coins 6 include a
middle section which is made of a different metal to an
outer section that provides a rim of the coin 6. The ori-
entation of the surface features on one side of the coin
6 compared to an opposite side may also provide a useful
indication to determine genuine coins from fake coins.
The sharpness of the edge features can also be a good
reference.

[0055] The use of a laser diode 10 with an integrated
photodetector 12 for this surface scanning process has
been surprising in terms of the detail the reflectivity of
the surface features is able to reveal and the precision
with which the coin checking apparatus can discriminate
between genuine and fake coins 6.

[0056] The use of a laser diode 10 is advantageous
since, whilst some LED may be packaged with a photo-
detector in a single package, a significant disadvantage
to these devices is the amount of optical crosstalk be-
tween the LED and the photodetector that degrades the
signal to noise ratio of the photodetector. Cross talk
comes from the fact that LEDs emit from all surfaces and
the emission subtends nearly 90 degrees. Conversely,
a laser diode is more easily collimated and focused to
increase the amount of reflected light.

[0057] A single mode VCSEL offers the advantages of
being the most efficient, narrowest divergence, and most
coherent device. Using a VCSEL as the laser diode 10
and integrating the photodetector 12 in the package, pro-
vides all of the advantages of the VCSEL as well provid-
ing a very robust reflective sensor. Depending on the
application, a single mode or multimode VCSEL can be
chosen. In some cases, where coherence of the light
beam is desired, a single mode VCSEL might be the best
choice, but in other cases where total output power is
more important, a multimode VCSEL might be more ben-
eficial.

[0058] In this embodiment, a multimode VCSEL is
used at the laser diode 10. The package housing the
laser diode 10 and the photodetector 12 includes a head-
er having at least four leads and a ceramic spacer adapt-
ed for mounting of the laser diode 10 and the photode-
tector 12 within the package. The ceramic spacer, which
can be fabricated as part of the header, is adapted to
mount the laser diode 10 at a level higher than the pho-
todetector 12 within the package. Alternatively, the laser
diode 10 can be located within a recess in the ceramic
spacer such that the laser diode 10 is located beneath

10

15

20

25

30

35

40

45

50

55

the surface of the photodetector 12, therefore light from
the laser diode 10 does not directly impinge on the pho-
todetector 12 during operation. Thus, only returned light
is captured by the photodetector 12.

[0059] The coincheckingapparatus 2is preferably pro-
vided with a processing device 20 for analysing an output
from the photodetector 12 as the coin 6 moves along the
coin path 4. This may comprise a processor or a set of
processors configured to perform an algorithm on the
output. The processing device 20 may analyse the whole
of the output, or select a portion or portions of the output
that is/are considered to be the most indicative for the
checking. This may be a portion of the output that corre-
sponds with an edge region of the coin 6, as sharpness
of the surface features in this region can be a useful in-
dicator. It may correspond to a portion where the coin 6
has an area with a mirror finish, since the precision of
the surface finish of genuine coins 6 can be difficult to
emulate in a forgery. The portion may also correspond
with a portion of the coin 6 where a distinctive or charac-
teristic feature is present.

[0060] The processing device 20 may generate a "fin-
gerprint" of the coin 6 from the output of the photodetector
12 that can be used to assist with identifying the type of
coin 6 or, more particularly, gauging whether the coin 6
is genuine or fake. This fingerprint may be stored within
an internal memory. The fingerprint may be compared to
known fingerprints when checking the coin 6. The finger-
print or output may also be processed to determine if the
amplitude of the reflectivity is within certain threshold lim-
its and/or whether fluctuations exceed predetermined
threshold limits, for example, that might be indicative of
a fake coin 6.

[0061] The processing device 20 may use the output
to calculate other parameters of the coin 6, to determine
edge patterning, or gauge a coin 6 diameter or a chord
length at a particular part of the coin 6, the size of surface
features, etc., any of which can be used in conjunction
with other measurements taken by other sensors to verify
the coin 6.

[0062] The output may correspond to the whole face
of a coin 6 or a strip across a face of the coin 6. That strip
might be a linear strip, e.g., where the coin 6 is being
carried by a conveyor and remains in a fixed orientation,
or it may comprise an area taken across the surface of
a coin 6 as it is rolling. The strip may be aligned with a
centre of the coin 6 or it may be off-set from the centre.
[0063] Figure 2A and 2B shows an exemplary output
of the photodetector 12 of the optical sensor 8 at a point
where the coin 6 is moving along the coin path 4 through
the collimated beam, reflecting light from the laser diode
10 back to the photodetector 12. The exemplary output
shown in Figure 2A might indicate a genuine coin. The
exemplary output shown in Figure 2B might indicate a
fake coin.

[0064] Furthermore, the processing device 20 may be
configured to determine a diameter of the coin 6 based
on the output from the photodetector 12. As the speed
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of the coin 6 is known when it interrupts the collimated
beam, the diameter of the coin 6 may be determined from
the output of the photodetector 12 or based on a finger-
print generated for the coin 6.

[0065] Returning to Figure 1, the coin checking appa-
ratus 2 may also include an array of photodetectors 22,
such as CMOS based sensors, where the array of pho-
todetectors 22 is positioned to receive light from the laser
diode 10 that has passed through the coin path 4, i.e.,
on the side of the coin path 4 opposite to a light emitting
part of the optical guide 14. The array of photodetectors
22 is activated by the light from the laser diode 10 that
has not been obscured by the coin 6. As a coin 6 moves
along the coin path 4, it interrupts the collimated beam
and a "shadow" is cast on the array of photodetectors.
Thus, the laser diode 10 may be arranged to provide light
not only for its integral photodetector 12 but also for the
array of photodetectors arranged across the coin path 4
from the light emitting part of the optical guide 14.
[0066] The array of photodetectors 22 may output a
signal or signals in accordance with how the array is ob-
scured by the coin 6 at a given pointin time. The process-
ing device 20 preferably also analyses the signal(s) of
the array of photodetectors to determine coin 6 diameter
(or a coin 6 chord length) and edge profiling such as
milled ridges. This type of processing is discussed for
examplein EP-B-0900431 and the above mentioned GB-
B-2369710.

[0067] The coin checking apparatus 2 may include a
device to deflect the course of a coin 6 if it is believed to
be a fake. This may be in the form of an ejector to remove
a coin 6 from the coin path 4 (e.g., a pin that is fired at
the coin 6) or a deflector that sends the coin 6 along a
different path (e.g., a plate that pivots across the coin
path 4 todirectthe coin 6 along another path). This device
may be positioned an appropriate distance downstream
of where the checking operations are conducted.

Second embodiment

[0068] Figure 3 shows a coin checking apparatus 24
according to a second embodiment of the present inven-
tion. The coin checking apparatus 24 includes a process-
ing device 20, an optical sensor 8 comprising a laser
diode 10, a photodetector 12 and a light guide 14, and a
coin path 4, similar to those of the first embodiment. De-
scription of features that are the same as in the first em-
bodiment has not been repeated, though for the avoid-
ance of all doubt, their description in the first embodiment
applies equally to the second embodiment.

[0069] The coin checking apparatus 24 of the second
embodiment further includes a second optical sensor 26
comprising a laser diode 28 and a photodetector 30
housed within a single package, and an optical guide 32
to provide a collimated beam of light.

[0070] The second optical sensor 26 operates in sub-
stantially the same manner as the first optical sensor 8;
however, it is arranged such that the light from the re-
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spective laser diode 28 is directed so as to pass through
the coin path 4 in a direction opposite to the direction of
the light from the first optical sensor 8. This is so that light
from the first and second optical sensors 8, 26 illuminate
opposing faces of the coin 6. The first and second optical
sensors 8, 26 are offset with respectto one another along
the coin path 4 so that the light from one laser diode 10,
28 does not interfere with the photodetector 12, 30 of the
other optical sensor 8, 26.

[0071] As a coin 6 to be identified passes along the
coin path 4, it interrupts first the collimated light beam of
the first optical sensor 8 and then the collimated light
beam of the second optical sensor 26. Each photodetec-
tor 12, 30 may generate a "fingerprint" of the respective
face, or portion of a respective face, of the coin 6 as it
moves across the particular collimated light beam. Thus,
a fingerprint of the coin 6 may be obtained for both sides
of the coin 6. A diameter (or chord length) may be deter-
mined from either fingerprint or both for verification pur-
poses.

[0072] The processing device 20 may be configured
to identify the type of the coin 6 based on the output of
the photodetectors 12, 30 of both the first optical sensor
8 and the second optical sensor 26. The processing de-
vice 20 may compare the detected fingerprints of the coin
6 and the determined diameter of the coin 6 with corre-
sponding values from a database of known coin finger-
prints and diameters stored in the memory of the control-
ler. The processing device 20 may use the fingerprints
to check whether the coin 6 is genuine or fake. The fin-
gerprints of the surface features may be used in conjunc-
tion with other measurements taken of the coin 6. These
may comprise further optical measurements, or may
comprise electrical measurements, such as measuring
the inductance or capacitance of the coin 6 or the Hall
effect as the coin 6 moves along the coin path 4.
[0073] As with the first optical sensor 8, the second
optical sensor 26 may also be arranged to illuminate an
array of photodetectors 33, such as CMOS based sen-
sors, where the array of photodetectors 33 that is posi-
tioned on the side of the coin path 4 opposite to a light
emitting part of the optical guide 33 of the second optical
sensor 26. This array of photodetectors 33 operates in
substantially the same manner as the array of photode-
tectors 22 cooperating with the first optical sensor 8 and
its output may also be processed by the processing de-
vice 20 as mentioned above.

Third embodiment

[0074] Figures4and 5show a coin checkingapparatus
34 according to a third embodiment. Description of fea-
tures that are the same as in the first and second em-
bodiments have not been repeated, though for the avoid-
ance of all doubt, their previous description applies equal-
ly to this third embodiment, and vice versa.

[0075] The coin checking apparatus 34 includes a
processing device (not shown), first and second optical
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sensors 8, 26, a coin path 4, and an array of photode-
tectors 22 in cooperation with the first optical sensor 8,
similar to those of the second embodiment. The coin
checking apparatus 34 further includes an inductive sen-
sor 36, and a Hall effect sensor 38. A capacitive sensor
(not shown) may also be included.

[0076] The array of photodetectors 22 is a linear array
of photodetectors 22 and is positioned adjacent to the
coin path 4 and is elongate in the direction in which coins
6 move along the coin path 4. The light guide 14 of the
optical sensor 8 is arranged to collimate the light into an
elongate collimated light beam that illuminates all, or
most, of the array of photodetectors 22.

[0077] The inductive sensor 36 is provided adjacent to
the coin path 4 and serves to detect an inductive char-
acteristic of the coin 6 approximately at its core as it pass-
es in front of the inductor sensor 36. The processing de-
vice 20 analyses the output of the inductive sensor 36,
which is indicative of the thickness of the coin 6. Hence,
a coin thickness may be determined by the processing
device 20.

[0078] The Hall effect sensor 38 is also provided ad-
jacent to the coin path 4 to measure further electromag-
netic properties of the coin 6 and to provide more infor-
mation to the processing device 20.

[0079] The capacitive sensor (not shown) may be pro-
vided adjacent to the coin path 4 in the form of capacitor
plates positioned on either side of the coin path 4. The
capacitive sensor measures the capacitance of coins 6
passing between the capacitor plates. The processing
device 20 analyses the output of the capacitive sensor,
which helps to indicate the material of the coin 6.
[0080] The optical and electrical/magnetic checks are
each performed on the coin 6, since one may help to
identify a coin 6 or prove its authenticity better than an-
other; together they provide a particularly useful coin
checking apparatus 34.

[0081] Figure 6 is a perspective view of the coin check-
ing apparatus 34 in combination with a housing 40. The
housing 40 comprises a track 42 and a cover plate 44,
which together substantially define the coin path 4. The
track 42 includes a conveyor 46 comprises a belt passing
up through the coin path 4. The beltmay include supports,
for example, in the form of pairs of pegs arranged along
the belt, for moving the coins 6 with the belt. The pairs
of pegs also help to position the coins 6 centrally within
the coin path 4.

Fourth embodiment

[0082] Figures 7 to 10 show a coin checking apparatus
48 according to a fourth embodiment. The coin checking
apparatus 48 is similar to that of the third embodiment.
Description of features that are the same as in the third
embodiment have not been repeated, though for the
avoidance of all doubt, their description applies equally
to this fourth embodiment. Only the differences between
these embodiments will now be described.
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[0083] In addition to a first array of photodetectors 22,
the coin checking apparatus 48 is provided with a second
array of photodetectors 50 which is also activated in co-
operation with the first optical sensor 8. As with the first
array of photodetectors 22, the second array of photo-
detectors 50 comprises a linear array of photodetectors
50 and may include, for example, CMOS based sensors.
The second array of photodetectors 50 is positioned ad-
jacent to the coin path 4 and is elongate in the direction
in which coins 6 move along the coin path 4. The first
and second arrays of photodetectors 22, 50 and the first
optical sensor 8 are positioned so that both the first and
second arrays of photodetectors 22, 50 are illuminated
by light from the laser diode 10 of the first optical sensor
8 (when the light is not interrupted by a coin 6).

[0084] In this embodiment, the optical guide 14 is in
the form of a prism or waveguide 52 that is arranged to
collimate and split the light emitted from the laser diode
10. An example of the optical guide 14 for the coin check-
ing apparatus 48 is shown in Figures 9 and 10.

[0085] The illustrated optical guide 14 is arranged to
collimate and split the lightinto two collimated light beams
that illuminate all, or most, of the first and second arrays
of photodetectors. The collimated light beams may be
elongated in the direction of the coin 6 movement, cor-
responding to the shape of the arrays, or provided in
some other orientation.

[0086] The optical guide 14 comprises a substantially
Y-shaped prism 52, providing an entry for the emitted
light and two exits. A splitter 54, arranged between the
entry and exits, splits the light into first and second light
beams and the optical guide 14 directs these respectively
to the first and second exits. The splitter additionally
spreads the first and second light beams to provide an
elongate area of illumination for each array. A prismatic
lens at each exit, which is preferably formed as part of
this Y-shaped prism, collimates the respective light beam
and directs it to the coin path 4 (in this embodiment, by
reflecting it through 90° as the light passes from the split-
ter 54 to an exit). The exits of the optical guide 14 corre-
spond to the first and second arrays of photodetectors
22, 50.

[0087] As a coin 6 moves along the coin path 4, it in-
terrupts the light beams and a "shadow" is cast on the
arrays of photodetectors. An output or outputs from the
arrays is supplied to the processing device 20. The
processing device 20 analyses the shadow cast by the
coin 6 on each of the arrays to determine one or more
dimensional characteristics of the coin 6, in the same
manner as the previous embodiments.

[0088] The first and second arrays of photodetectors
are arranged so that when the coin 6 moves along the
coin path 4, a leading edge of the coin 6 can interrupt the
light from the laser diode 10 to the second array of pho-
todetectors 50 and a trailing edge of the coin 6 can inter-
rupt the light from the laser diode 10 to the first array of
photodetectors 22. Thus, an accurate measurement of
the diameter or a chord length of the coin may be deter-
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mined. The inductive sensor 36 may be positioned be-
tween the two arrays of photodetectors 22, 50.

Fifth Embodiment

[0089] Figures 11 and 12 show a coin checking appa-
ratus 56 according to a fifth embodiment. The coin check-
ing apparatus 56 is similar to that of the third embodiment.
Description of features that are the same as in the third
embodiment have not been repeated, though for the
avoidance of all doubt, their description applies equally
to this fifth embodiment. Only the differences between
these embodiments will be described.

[0090] In this embodiment, the second optical sensor
26 has been removed. The first optical sensor 8 has in-
stead been positioned and configured such that light from
the laser diode 10 passes through the coin path 4 twice,
but in opposing directions.

[0091] The light from the laser diode 10 is collimated
and directed through a first portion of the coin path 4 in
a first direction. The light is then received by a further
portion of the optical guide 14 in the form of a prismatic
waveguide 58 that directs the light, by internal reflection,
to a second portion of the coin path 4 and turns it through
180°. The light is then emitted from an exit of the
waveguide 58 and used to illuminate a second portion of
the coin path 4, the light being directed in a second di-
rection opposite to the first. Thus, the light may be used
to illuminate opposing faces of the coin 6, respectively,
when the coin 6 is passing through the first and second
portions of the coin path 4. These first and second por-
tions of the coin path 4 are offset with respect to one
another in the direction of travel of the coin 6, so that a
coin 6 clears or substantially clears the second portion
before it interrupts the light at the first portion of the coin
path 4.

[0092] Thus, as withthe second embodiment, as a coin
6 passes along the coin path 4, itinterrupts the collimated
light beam at one portion of the coin path 4 and then the
collimated light beam at the other portion of the coin path
4. The photodetector 12 of the optical sensor 8 may gen-
erate a "fingerprint" of each face of the coin 6 as it moves
across the respective collimated light beam, i.e., a fin-
gerprint for each side. A diameter (or chord length) of the
coin 6 may be determined from either fingerprint, or from
both for verification purposes.

[0093] The processing device 20 may be configured
to identify the type of the coin 6 by comparing the detected
fingerprints of the two faces of the coin 6 and/or a deter-
mined diameter of the coin 6 with corresponding values
from a database of known coin 6 fingerprints and/or di-
ameters stored in the memory of the processing device
20.

Sixth Embodiment

[0094] Figure 13 shows a coin checking apparatus 60
according to a sixth embodiment. The coin checking ap-
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paratus 60 is similar to that of the fourth embodiment.
Description of features that are the same as in the fourth
embodiment have not been repeated, though for the
avoidance of all doubt, their description applies equally
to this sixth embodiment. Only the differences between
these embodiments will be described.

[0095] In this embodiment, the coin 6 moves along the
coin path 4 under the effect of gravity. The coin 6 is pref-
erably in freefall as it interrupts the collimated light from
the first laser diode 10. Such a coin checking system 60
is well suited to providing fast identification and detection,
as is required in applications where a user may rapidly
insert a stream of coins 6, such as gaming and amuse-
ment machines. By moving the coins 6 in freefall, the
coin checking system 60 reduces the likelihood of a coin
jam occurring due to the inability of a large number of
coins 6 to pass through the coin checking apparatus 60
in a short period of time.

[0096] In this embodiment the first and second arrays
of photodetectors 22, 50 are arranged so as to extend
across the coin path 4, i.e., in a direction substantially
perpendicular to the direction in which the coin 6 moves
along the coin path 4 (vertically in this embodiment). This
provides a benefit over embodiments where the first and
second arrays of photodetectors 22, 50 are aligned with
the direction of the coin path 4 as the coin 6 need not be
centrally aligned in order to determine the diameter of
the coin 6.

[0097] As with the fourth embodiment, the waveguide
52 is configured to split light from the laser diode 10 of
the first optical sensor 8 to illuminate the first and second
arrays of photodetectors 22, 50.

[0098] The coin checking apparatus 60 may optionally
also include alignment means for aligning the coin 6 with
respect to the first and second arrays of photodetectors
22, 50, and stabilizing means for stabilising the coin in
the direction of the collimated light from the laser diode
10. Typically the aligning means will be arranged to align
the coin 6 centrally with respect to the first and second
arrays of photodetectors 22, 50.

[0099] While the invention has been described with ref-
erence to exemplary embodiments, it will be understood
by those skilled in the art that various modification may
be made without departing from the scope of the inven-
tion, which is defined by the claims. For example, whilst
the optical sensors 8, 26 of the preferred embodiments
each use a laser diode 10, 28 to emit light, any suitable
light source may instead be used, such as a high-power
light emitting diode (LED).

[0100] Furthermore, whilst the described second, third
and further embodiments include a first optical sensor 8
and a second optical sensor 26, the second optical sen-
sor 26 may be omitted from any of these embodiment if
desired.

[0101] Furthermore, whilst the fifth embodiment has
been described with reference to a coin checking appa-
ratus 56 using only a single array of photodetectors 22,
as in the third embodiment, those skilled in the art will
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understand that a suitable optical guide 14 may instead
be provided so as to utilise two or more arrays of photo-
detectors 22, 50, as in the fourth embodiment. Alterna-
tively, the arrangement of the optical sensor 8 of this em-
bodiment may be used on its own to scan both sides of
the coin 6 without any additional tests, as in the second
embodiment.

[0102] The following clauses set out features of the
invention which may not presently be claimed in this ap-
plication but which may form the basis for future amend-
ment or a divisional application.

1. A coin checking apparatus comprising:

a coin path;

a light source configured to emit light;

an optical guide arranged to split the light from
the light source and to guide the split light
through firstand second regions of the coin path,
respectively;

afirst array of photodetectors arranged to detect
light emitted by the light source that has passed
through the first region of the coin path without
being interrupted by the coin;

a second array of photodetectors arranged to
detect light emitted by the light source that has
passed through the second region of the coin
path without being interrupted by the coin.

2. An apparatus according to clause 1, wherein a
distance between the outermost edge of the first ar-
ray of photodetectors and the outermost edge of the
second array of photodetectors is at least 25 mm.

3. An apparatus according to clause 1 or 2, wherein
the optical guide is a waveguide having an entry for
receiving the light from the light source and two exits
for emitting light, respectively, to the first and second
array of photodetectors, the waveguide including a
splitterarranged to split the lightfrom the light source.

4. An apparatus according to clause 3, wherein the
waveguide is substantially Y-shaped, having a
space between the first and second exits.

5. An apparatus according to clause 4, further com-
prising:

an auxiliary sensor arranged within the space
between the first and second exits of the
waveguide and adjacent to the coin path, the
auxiliary sensor being a sensor for measuring
an electrical and/or magnetic property of the
coin, preferably selected from the group consist-
ing of an inductive sensor, a capacitive sensor,
and a hall effect sensor.

6. An apparatus according to any preceding clause,
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wherein the optical guide is arranged to illuminate
the first array of photodetectors and second arrays
of photodetectors with substantially equal light from
the light source.

7. An apparatus according to any preceding clause,
wherein the light source emitting lightis alaser diode.

8. An apparatus according to clause 7, wherein the
laser diode is a vertical cavity surface emitting laser
(VCSEL).

9. A method of checking a coin, comprising:

emitting light using a semiconductor light
source;

splitting the light emitted from the light source;

directing afirst portion of the light to a first region
of a coin path provided with a first array of pho-
todetectors;

directing a second portion of the light to a second
region of the coin path provided with a second
array of photodetectors;

moving a coin along the coin path so as to inter-
rupt the first and/or second portions of light; and
analysing outputs of the first and/or second ar-
rays of photodetectors.

10. Amethod according to clause 9, wherein the light
is emitted from a vertical cavity surface emitting laser
(VCSEL).

Claims

1. A coin checking apparatus (2, 24, 34, 48, 56, 60)
comprising:

a coin path (4); and

an optical sensor (8) arranged to scan a coin (6)
passing along the coin path, the optical sensor
comprising:

a semiconductor light source (10) config-
ured to emit light;

an optical guide (14) configured to direct the
light from the light source to the coin path;
and

a photodetector (12) configured to detect
light from the light source that is reflected
by the coin and returned by the optical
guide,

wherein the light source and the photode-
tector are provided within a single package.

2. An apparatus according to claim 1, further compris-
ing:
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a processing device (20) configured to analyse
an output from the photodetector as the coin
moves along the coin path.

An apparatus as claimed in claim 2, wherein the
processing device is configured to compare the out-
put from the photodetector against stored outputs to
determine if the coin is genuine.

An apparatus as claimed in claim 2 or 3, wherein the
processing device is configured to analyse the
changes in reflectivity across a face of the coin as it
moves along the coin path.

An apparatus according to claim 2, 3 or 4, wherein
the processing device is further configured to deter-
mine a diameter or a chord length of the coin based
on the output of the photodetector.

An apparatus according to any of claims 2 to 5, fur-
ther comprising:

an array of photodetectors (22) arranged to de-
tect light emitted by the light source that has
passed through a first region of the coin path
without being interrupted by the coin.

An apparatus according to claim 6, further compris-
ing:

a second array of photodetectors (50) arranged
to detect light emitted by the light source that
has passed through a second region of the coin
path without being interrupted by the coin,
wherein the optical guide is arranged to split the
light from the light source and to guide the split
light through the first and second regions of the
coin path to the respective array of photodetec-
tors.

An apparatus according to any preceding claim,
wherein the optical guide is arranged to direct light
from the light source through one region of the coin
path in a first direction, and to direct light through
another region of the coin path from a second direc-
tion such that light travelling in the first direction illu-
minates one side of the coin and light travelling in
the second direction illuminates an opposite side of
the coin.

An apparatus according to any preceding claim,
wherein the light source is a laser diode, and more
preferably wherein the light source is a vertical cavity
surface emitting laser (VCSEL).

10. A method of checking a coin, comprising:

emitting light using a semiconductor light source
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(10);

directing the light from the light source to a coin
path (4);

moving a coin (6) along the coin path so as to
interrupt the light emitted by the light source; and
detecting light reflected by the coin using a pho-
todetector (12) provided within the same pack-
age as the light source.

A method according to claim 10, further comprising:

analysing an output from the photodetector as
the coin moves along the coin path.

A method according to claim 11, wherein analysing
an output from the photodetector comprises:

determining a diameter or chord length of the
coin based on an output of the photodetector as
the coin moves along the coin path.

A method according to claim 11 or 12, wherein an-
alysing an output from the photodetector comprises:

comparing an output from the photodetector
against stored outputs to determine if the coin
is genuine.

A method according to any of claims 10 to 12, further
comprising:

detecting, using an array of photodetectors (22),
light emitted by the light source that has passed
through a first region of the coin path without
being interrupted by the coin.

A method according to any of claims 9 to 14, wherein
the light source is a laser diode, and more preferably
wherein the light source is a vertical cavity surface
emitting laser (VCSEL).
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