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Description

Field of the invention

[0001] The presentinvention lies in the field of devices
that check the validity of coins or metal tokens, or of disc-
shaped elements in general. In order to differentiate le-
gal tender coins or valid tokens from each other or from
fraudulent ones, these devices determine distinct prop-
erties such as their dimensions, electrical properties,
electromagnetic properties, minting matrices, weight,
hardness, etc.

Background of the invention

[0002] Currently, in order to determine the different
properties of the coins or metal tokens all types of sen-
sor are employed (optical, electromagnetic, piezoresis-
tive, etc.); the signals obtained from these sensors are
processed by subsequent electronic methods.

[0003] Among these methods, the most widely used
are those measuring the dimensions of the coin by op-
tical methods and those determining the properties of
the alloy in relation to electrical conductivity and mag-
netic permeability using one or more electromagnetic
Sensors.

[0004] A lesser number of inventions are known and
described relating to measuring the mechanical proper-
ties of the coins, such as their elasticity or hardness,
which are of interest for detecting frauds consisting of
softer and less elastic materials like lead and tin, which
some frauds are made of. Determination of hardness
and/or elasticity properties are attempted indirectly by
measuring, for example, the contact time when the coin
strikes a harder element, the energy transmitted to a
sensor in such an impact, the form and/or duration of
the vibrations generated on the sensor element in the
impact, and even the actual vibrations produced on the
coin and which are manifested in form of sound. The
sensors used in these inventions are generally piezoe-
lectric elements, microphones, or even capacitive type
Sensors.

[0005] Thus, for example, EP-0318229-A2 describes
a method for coin discrimination based on analysis of
the sound emitted by coins after striking a hard surface
or plate, using as the sensor a microphone placed in the
vicinity of the impact surface.

[0006] GB-2339316-A describes a device incorporat-
ing a piezoelectric sensor that provides an electric signal
representative of the vibrations transmitted through the
selector casing from the impact surface, after the impact
of the coin against said surface.

[0007] GB-2236609-A describes a coin selector in-
corporating a piezoelectric sensor that is mounted in the
vicinity of a piece which the coin strikes and that acts as
a damper or absorber of the kinetic energy of the coin;
after the impact, the vibrations propagate through the
casing and the piezoelectric sensor generates an elec-
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tric signal.

[0008] Document WO 83/00400-A1 describes a de-
vice for discriminating coins as a function of their elas-
ticity; to this end a piezoelectric sensor is employed
which receives the vibrations, via an intermediate piece,
generated in a first piece which receives the impact of
the coin under analysis. For the device to be trustworthy,
the coins must strike the impact surface from the same
height.

[0009] In EP-0543212-B1 a piezoelectric sensor is
described that is designed to discriminate between
coins as a function of their hardness, an estimation of
which is made by measuring the time of contact of the
coin when striking the sensor during its rolling path. The
sensor is constructed by mounting a piezoelectric sen-
sor between a static block that acts as a rigid support
and a hard impact surface, which may be spherical or
linear. The pressure exerted by the coin while itis in con-
tact with the impact surface is transmitted directly to the
piezoelectric sensor as a compression force, being
transformed into an electric signal. The duration of the
signal from its start until it reaches its steady value is
taken as a representation of the hardness of the coin.
[0010] Document ES-2114831-A2 relates to a piezo-
electric sensor applicable to discriminating coins as a
function of their material and dimensions. For this pur-
pose, as the coin rolls it is made to strike against a solid
body that is integrally embedded in one of the walls of
the coin trajectory. In its vicinity and at a certain optimum
distance, a piezoelectric transducer is mounted that
transforms the vibrations produced by the impact of the
coin against said body into an electrical signal.

[0011] Also, in EP-0500836-B1, a device is described
for discriminating coins as a function of their elasticity.
In this case a deformation sensor is used located in the
area of impact of the coins, which detects the vibrations
generated on impact.

[0012] WO 93/06569-A1 describes a device incorpo-
rating a metal plate on which a piezoelectric sensor is
mounted; the impact of the coin against said plate pro-
duces an oscillating signal that depends on the mass
and elasticity of the coin, and the analysis of which is
carried out by recording the maximum and minimum val-
ues of said signal within a defined time interval. The ac-
ceptability of the coin is determined as a function of the
peak values or of a combination thereof.

Description of the invention

[0013] The invention relates to a device according to
claim 1 and to a method according to claim 19. Preferred
embodiments of the device and the method are defined
in the dependent claims.

[0014] One of the fundamental limitations of previous-
ly described procedures is that the impact characteris-
tics are greatly dependent on the mechanical character-
istics and dimensions of the selector, like, for example
the materials used, the anchoring of the different com-
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ponents, its inclination, manufacturing tolerances, re-
sulting in large dispersions in the coin measurements
that substantially hinder discrimination of frauds. In ad-
dition to this problem, the sensors employed, particular-
ly piezoelectric and piezoresistive ones generally have
broad tolerances and drifts. Furthermore, procedures
intended for measuring the time of contact of the coin
and the element that it strikes are not very reliable in
practice, as said time is very similar for most coins of
legal tender. Thus, in practice itis only possible to detect
frauds made from much softer materials than the coins,
such as lead.

[0015] An objective of the present invention is a de-
vice and method for verification of coins and/or tokens
that serve not only to determine and differentiate frauds
of the soft material type, but also to identify and differ-
entiate different coins of legal tender from each other by
measuring their mechanical properties.

[0016] Another objective of the present invention is to
obtain a device and method that do not depend on se-
lector dispersions due to its manufacturing process or
installation.

[0017] The invention relates to a device for obtaining
the mechanical characteristics of a coin for its verifica-
tion. The device is mounted in a selector comprising a
casing and a zone of passage of the coin to be verified,
the zone of passage including a rolling track.

[0018] The device of the invention comprises a sensor
assembly, which in turn comprises an inertial mass and
an accelerometer mounted integrally on said inertial
mass. The accelerometer measures the acceleration of
the inertial mass according to a first direction in which
an action-reaction force is produced between coin and
sensor assembly.

[0019] The sensor assembly has at least one degree
of freedom according to a first axis, said first axis being
directly related to the first direction of the accelerometer.
[0020] The device for obtaining the mechanical char-
acteristics of a coin for its verification is mounted on the
selector casing at any point of the zone of passage of
the coin through the selector, so that an impact is pro-
duced between coin and sensor assembly. Better re-
sults are obtained from the sensor assembly when the
latter is mounted in an area in which the movement of
the coin takes place in a stable manner.

[0021] Preferably, the sensor assembly is arranged at
the end of the coin rolling track. In some selectors it may
also be convenient to locate the sensor assembly at the
beginning of the rolling track, forming part of the striking
plate or absorbent element of the coin prior to its rolling.
It is also possible to locate the sensor assembly in a
zone where the coin is in free fall, as may be a zone
prior to the rolling track.

[0022] In any case, it is possible to use the impact of
the coin on the rim of its edge or on the front part of said
edge.

[0023] In order to obtain an improved sensor assem-

bly, the accelerometer is mounted on an inertial mass
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comparable to that of the coin, that is, the inertial mass
is of the same order of magnitude as the mass of the
coin it is wished to verify. Thus, the inertial mass prefer-
ably has a mass between 1 and 50 grams, and more
preferably the inertial mass has a mass between 1 and
10 grams.

[0024] The surface on which the impact takes place
must have a hardness greater than that of the hardest
coin. Thus, preferably, the inertial mass can be made of
a first material with a hardness that is greater than that
of the hardest coin.

[0025] As only the surface on which the impact takes
place must be hard, a piece can be used made of two
or more different materials, or else subject a material to
a surface treatment. That is, the inertial mass can be
made of any second material whatsoever, covered with
a first material with a hardness greater than that of the
hardest coin. Another possibility is that the inertial mass
be made of different materials, the material of the sur-
face on which impact takes place being a first material
having a hardness greater than that of the hardest coin.
[0026] As a first material having a hardness greater
than that of the hardest coin it is possible to use many
steels available on the market. Another possibility is to
use ceramic materials.

[0027] In addition, it is convenient that the surface on
which the impact takes place has a surface that mini-
mises the area of impact; in this manner, more repeat-
able or stable results are obtained. Thus, for example,
it is possible to use a surface with a gentle curvature. A
simple geometry can consist of a cylindrical steel or ce-
ramic surface, which transmits the impact to the rest of
the sensor assembly. In the case of a lateral impact it is
possible to use a flat impact surface forming a certain
angle with the direction of movement of the coin.
[0028] Unlike the devices known, the invention uses
a sensor assembly with an accelerometer mounted on
an inertial mass, the sensor assembly having at least
one degree of freedom to move on the impact of the
coin. The axis or direction of motion shall be related to
that of the action-reaction force of the sensor assembly
during the impact.

[0029] Preferably, the inertial mass is elastically
joined to the selector casing. In this manner the returns
of the inertial mass to the point of origin is ensured, for
example, by two or more springs that subject said iner-
tial mass to a restoration force of negligible magnitude
with respect to the acceleration force produced by the
impact, whereby for mechanical purposes, the mass of
the sensor assembly can be considered to be free on
said axis. In this manner the sensor which is mounted
on the inertial mass will be subjected to an acceleration
throughout the duration of the impact that will be related
to the relative masses of the sensor and coin assembly,
the speed of the coin and particularly the elasticity and
hardness of the materials that come into contact. For
the surface on which impact takes place, a material is
chosen with a hardness greater than that of the hardest
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coins, the object being that permanent deformations oc-
cur only on the coins, while on said mass the deforma-
tion is always elastic.

[0030] That is, in order to make the response of the
sensor assembly as independent as possible of the me-
chanics of the selector, this sensor assembly has been
designed based on an accelerator mounted on an iner-
tial mass, so that the sensor assembly behaves as an
element independent of the selector casing. This is
achieved by securing or suspending the sensor element
by elastic components. Thus, the sensor assembly will
behave as a free element and therefore is independent
of the other characteristics of the selector that could af-
fect its response unpredictably. In this assembly the de-
velopment with time of the action-reaction force during
the impact is translated into the development of the ac-
celeration of the sensor assembly over the same time
interval.

[0031] Another aspect of the present invention is to
provide a method for obtaining the mechanical charac-
teristics of a coin for its verification.

[0032] This method comprises the following steps:

- arranging an inertial mass elastically within a selec-
tor casing

- arranging an accelerometer integrally joined to the
inertial mass,

- characterising the mechanical response of the se-
lector as a whole, with regard to impacts on the sen-
sor assembly

- subjecting the coin to an impact against the inertial
mass, producing an acceleration in said inertial
mass,

- using the accelerometer to measure data related to
the acceleration that is produced in said impact,

- processing said data related to the acceleration to-
gether with said characterising of the mechanical
response of the selector, and

- extracting a characteristic function of the develop-
ment of the action/reaction force between coin and
inertial mass,

such that said development is independent of the
selector characteristics, and shall depend only on the
hardness and elasticity of the coin material.
[0033] In addition, each sensor assembly will have
certain individual characteristics associated to it that will
not be identical for the different elements of a given pro-
duction series, due to the inevitable tolerances in the
mechanical element of the inertial mass, assembly of
the sensor assembly and the tolerances of the sensor
(accelerometer) itself. In order for the measurement of
the contact force to be independent of the selector, that
is, of the sensor assembly itself, it is first necessary to
characterise the mechanical response of the selector as
a whole.
[0034] This sensor characterisation is preferably per-
formed by measuring its impulse response or its fre-
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quency response, in both magnitude and phase.
[0035] Preferably, the characterisation of the me-
chanical response of the selector as a whole is carried
out by producing an impact with a duration substantially
shorter than the typical duration of a coin impact.
[0036] By way of illustration, a typical impact duration
for coins in legal tender is between 40 ps and 200 us,
depending on the characteristics of the coin and of the
impact element. A considerably shorter impact duration
can be obtained by employing a free-falling small spher-
ical ball of diameter, for example, of 3mm or less, made
of steel or any other material with a high Young's mod-
ulus and hardness. The duration of this impact is on the
order of 10 us.

[0037] The characterising of the sensor assembly can
also be carried out by introducing a set of different dis-
coid tokens made of materials with known mechanical
properties, encompassing arange of values of hardness
and elasticity.

[0038] This method is completely different to that sug-
gested, for example, in the aforementioned document
GB-2339316-A, wherein a calibration is proposed
based on introducing a set of valid coins and frauds,
whereby, by means of a training algorithm, selector-de-
pendent parameters are calculated for each valid coin.
The calibration method proposed herein does not re-
quire the use of coins, nor of frauds and is valid for coins
of any value.

[0039] The information obtained from the mechanical
response of the selector is stored in the selector memory
and is used to calculate, based on the form provided by
the sensor assembly of the impact acceleration of the
coin, the true form and development of the action-reac-
tion force between coin and sensor assembly, which will
depend only on the properties of hardness and elasticity
of the material of the coin.

[0040] The calculation or extraction of the action-re-
action force can be performed in several ways, which
can be distinguished in a first classification as time-
based and frequency-based.

[0041] Regarding time-based calculations, if y(t) is
the expression of the signal provided by the sensor as-
sembly upon impact of a coin and h(t) is the expression
of the calibration response of the selector, it is assumed
that the expression relating them to the form of the im-
pact acceleration, termed x(t), has the form:

y(nTg)=h(nTg)*x(nTy),

where * is the linear convolution operation and Tg
is the signal sampling period. From this relation x(nTy)
can be obtained by a linear deconvolution operation.
[0042] Another possibility is to calculate the develop-
ment of the action-reaction force by filtering the data rel-
ative to the acceleration with the inverse impulse re-
sponse filter; that is, an alternative form of performing
this calculation in the time domain is that of calculating
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the inverse filter h;[nTg] from h(nT) and then calculating
x(nTy) as:

X(nTg)= hy(nT,)*y(nTy).

[0043] Inanycase, x(nTg)can be calculated using any
known deconvolution technique, preferably by recursive
calculations from samples in time of the impulse re-
sponse of the sensor assembly and from the accelera-
tion produced during the impact of the coin on the sensor
assembly.

[0044] Regarding the frequency-based calculation, it
is first necessary to obtain the spectra of the signals h
(t) and y(t), which can be obtained by applying discrete
techniques using a DFT (Discrete Fourier Transform)
operation, giving rise to H[k] and Y[Kk] respectively. From
this point the complex division will be performed:

Y[KI/HIK] = X[K],

where X[K] is the DFT of the desired signal x(nTy),
which is finally calculated by an inverse DFT operation
on XIK].
[0045] That is, the deconvolution is carried out by
means of a complex division of the spectrum of the ac-
celeration produced in the impact of the coin with the
sensor assembly and the frequency response of the se-
lector, and then performing the inverse discrete Fourier
transform on the result of said division.
[0046] Another alternative to this calculation is to ob-
tain the frequency response of the inverse filter proceed-
ing as follows:

H;[K] = 1/H[K]

[0047] And hy(nT,) is then calculated by the inverse
DFT of Hi[k], and the following calculation is made:

x(nTg)= hy(nT3)*y(nTy).

[0048] The methods pointed out above are non-limit-
ing embodiments of the technique described, it being
possible to calculate x(nT) by other methods, assuming
the model defined by the expression:

y(nTg)=h(nTg)*x(nTy).

[0049] Furthermore, as an alternative to the time- or
frequency-based methods described above, the se-
quence x[n] can also be obtained using as a parameter
for discriminating between coins and frauds, various
functions that result from X[k] and even YI[k] on the as-
sumption that selector calibration is not necessary.
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Thus, for example, spectral powers can be calculated
by bands as follows:

SXU e

where | and m are, respectively, the first and last
spectral components of the band of interest. Preferably,
calculations involving recursive type operations, sums
of products of samples or discrete Fourier transforms,
are performed by digital signal processors (DSPs).
[0050] That is, the method of the present invention
measures the form in time of the action-reaction force
between coin and sensor assembly (inertial mass-ac-
celerometer) on which the latter strikes during the entire
contact time. Said form results from the interaction be-
tween the elasticity and plasticity of the coin whereby it
provides specific information thereon. Alternatively, the
method calculates the spectral power of the signals in-
volved in the impact.
[0051] Another aspect of the invention consists in us-
ing the high reliability in determining the instant at which
the coin strikes the sensor assembly, in order to use it
as a reference for analysing coin characteristics with an-
other type of sensor, like, for example, a microphone.
When sensors are used to characterise coins by ana-
lysing the sound emitted by the coins after striking a hard
surface, itis sometimes difficult to determine the precise
instant at which the coin strikes said surface as, during
its fall, before reaching the impact area, the coin collides
against the walls of the selector producing sound signals
that can be confused with the useful signal occurring af-
terimpact with the hard surface. The accelerometer pro-
vided as part of the sensor assembly produces a very
clear signal, the start of which can be related to the pre-
cise instant at which the coin strikes the sensor assem-
bly, and which can be used as a reference for analysing
the sound emitted by the coin. In addition, as the impact
element is mounted freely on the selector casing, the
sound that appears after the impact is less influenced
by other sounds foreign to the coin, as the impact is not
transmitted to the casing. These two characteristics
considerably improve the measurements that the
acoustic sensor can make of the coins, obtaining im-
proved results in the acoustic discrimination of coins.
For purposes of acoustic discrimination, optimum re-
sults are obtained if the sensor assembly is mounted in
the area in which the coin has attained good stability in
its motion.

Brief description of the drawings

[0052] Below is provided a brief description of a set of
drawings that will assist in a better understanding of the
invention, and which are specifically related to an em-
bodiment of the invention presented as a non-limiting
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example thereof.

Figure 1 shows an arrangement in a coin selector,
of a coin verification device according to a first pre-
ferred embodiment of the invention.

Figure 2 is a section on the plane X-X' of the selector
shown in figure 1.

Figure 3 is a section on the plane Y-Y' of the selector
of figure 1.

Figure 4 is a second preferred embodiment of the
verification device of the invention.

Figure 5 is a side view of figure 4 (with the walls of
the selector casing removed).

Figure 6 shows the form of the signal produced by
the accelerometer when characterising the selec-
tor.

Figure 7 shows the form of a coin impact (a double
impact) as well as the calculated value of the action-
reaction force.

Figure 8 shows the different forms of the accelera-
tion for a coin of legal tender and for a fraud.

Description of a preferred embodiment of the invention

[0053] Figure 1 shows a part of a coin selector 1 in an
open position, showing, as known selector components,
a selector casing 2, a rolling track 3 for the coins and a
striking plate 4. Inside the selector, at the end of the roll-
ing track, is a coin 5. This coin 5 is in contact with an
inertial mass 10 that in this embodiment is a steel cylin-
der.

[0054] Figures 2 and 3 show an embodiment of the
coin verification device of the invention in which the sen-
sor assembly comprises an inertial mass 10 and an ac-
celerometer 11. In the position shown in figure 2 the coin
5 has not struck the sensor assembly yet. When the im-
pact between the coin and sensor assembly takes
place, in accordance with the preferred embodiment
shown in figures 2 and 3, the impact will take place on
the rim of the coin edge. In this case, the sensor assem-
bly is placed at the end of the rolling track, the inertial
mass being situated on one of the walls of the selector
casing. The sensor assembly, comprising an inertial
mass 10 and an accelerometer 11, is subjected by
springs 12 to a restoration force that ensures the return
of the sensor assembly to its point of origin after the im-
pact. This restoration force is smaller in magnitude than
the force exerted on the sensor assembly by the impact.
[0055] In figures 2 and 3 the arrow A indicates the
sense and direction of the coin rolling motion, and the
arrow B indicates the sense and direction of the action-
reaction force of the sensor assembly after the impact
(not shown) with the coin.

[0056] Figures4 and 5 show another possible embod-
iment for the invention. In these figures the selector cas-
ing has been omitted for the sake of greater clarity. In
this embodiment, the sensor assembly is placed at the
start of the coin rolling track, forming part of the element
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(or striking plate) that absorbs the impact of the coin be-
fore it rolls. In this case, the coin 5 strikes with the front
part of its edge on the inertial mass 10. The sensor as-
sembly in this case is attached by an elastic, not rigid,
support 13.

[0057] The accelerometer is connected by electrical
connections 14 to electronic means (not shown) which,
for example, digitally process the signal given by the ac-
celerometer (on the sensor assembly), extract the func-
tion that characterises the development of the action-
reaction force between coin and sensor assembly.
[0058] With any of the embodiments of the device of
the invention shown in figures 1 to 5, the calibration or
characterisation of the selector is carried out to obtain
its mechanical characteristics upon impact of an object
on the sensor assembly. The selector is calibrated by
launching in free fall a spherical ball with a diameter that
can be, for example, 3mm or less, made of steel or other
material with a higher Young's modulus and hardness.
Alternatively, the calibration can be carried out by intro-
ducing discoid tokens of different characteristics with re-
gard to hardness and elasticity.

[0059] Figure 6 shows the form of the selector calibra-
tion signal, h(t).

[0060] After said calibration has been carried out, the
development of the action-reaction force calculated be-
tween coin and sensor assembly is independent of the
selector characteristics, and will only depend on the
characteristics of the coin.

[0061] Figure 7 shows the form of the impact of a coin,
more specifically a double impact, given by the sensor
assembly y(t) together with the calculated value of the
form of the acceleration x(t). In this figure it is appreci-
ated how the signal x(t) is essentially non-zero for the
time the impact lasts, and that by means of the de-
scribed procedure the resonance of the sensor assem-
bly, among other things, has been eliminated.

[0062] Figure 8 shows the different forms of the ac-
celeration x,,(t) and x(t) for a coin of legal tender and a
fraud, respectively.

[0063] One possible method for extracting the accel-
eration x(t) by time-based calculations is that the ex-
pression relating the signal given by the sensor y(t) and
the calibration response obtained for the selector h(t)
with said acceleration x(t) has the form:

y(nT) = h(nT4)*x(nT),

where * is the linear convolution operation and T
is the sampling period of the signal. With this relation x
(nT,) is obtained by a linear deconvolution operation.
[0064] The method described is a non-limiting em-
bodiment, it being possible to calculate x(nT) by other
methods.
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Claims

Device for obtaining mechanical characteristics of
a coin (5) for its verification, mounting the device in
a selector (1) and comprising a sensor assembly,
the selector (1) comprising a casing (2) and a zone
of passage of the coin (5) to be verified with a rolling
track (3), characterised in that:

- the sensor assembly comprises an inertial
mass (10) and an accelerometer (11) mounted
firmly on said inertial mass, the accelerometer
measuring the acceleration of the inertial mass
according to a first direction in which an action-
reaction force is exerted between coin and sen-
sor assembly, and in that

- the sensor assembly has at least one degree
of freedom according to a first axis, said first
axis being directly related to the first direction
of the accelerometer, and in that

- the device is mounted on the selector casing at
any point of the zone of passage of the coin.

Device according to claim 1, characterised in that
the inertial mass (10) is of the same order of mag-
nitude as the mass of the coin (5) to be verified.

Device according to claim 2, characterised in that
the inertial mass (10) has a mass between 1 and 50
grams.

Device according to claim 3, characterised in that
the inertial mass (10) has a mass between 1 and 10
grams.

Device according to any of the previous claims,
characterised in that the inertial mass (10) is made
of a first material with hardness greater than that of
the hardest coin.

Device according to any of claims 1-4, character-
ised in that the inertial mass (10) is made of any
second material whatsoever, coated with a first ma-
terial with hardness greater than that of the hardest
coin.

Device according to any of claims 1-4, character-
ised in that the inertial mass (10) is made of differ-
ent materials, the material of the surface whereon
the coin impacts being a first material with a hard-
ness greater than that of the hardest coin.

Device according to any of claims 5-7, character-
ised in that the first material is steel.

Device according to any of claims 5-7, character-
ised in that the first material is a ceramic material.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Device according to any of the previous claims,
characterised in that the inertial mass (10) has a
surface on which the impact of the coin occurs that
is gently curved.

Device according to claim 10, characterised in
that the inertial mass is a cylinder.

Device according to any of claims 1-9, character-
ised in that the inertial mass has a surface on which
the coin impact occurs which comprises a plane
having a certain angle with respect to the trajectory
of the coin.

Device according to any of the previous claims,
characterised in that the inertial mass is connect-
ed elastically to the selector casing.

Device according to claim 13, characterised in
that the inertial mass is attached to the casing by
one or more springs (12).

Device according to any of the previous claims,
characterised in that the sensor assembly is ar-
ranged at the start of the rolling track (3).

Device according to any of claims 1-14, character-
ised in that the sensor assembly is arranged at the
end of the rolling track (3).

Device according to any of claims 1-14, character-
ised in that the sensor assembly is arranged at a
point of the zone of passage of the coin in which the
movement of the coin (5) is taking place in a stable
manner.

Device according to any of claims 1-14, character-
ised in that the sensor assembly is arranged at an
area of free fall of the coin (5).

Method for obtaining mechanical characteristics of
a coin for its verification, that comprises:

- arranging an inertial mass (10) elastically on a
casing (2) of a selector (1),

- arranging an accelerometer (11) firmly at-
tached to the inertial mass (10), said inertial
mass and said accelerometer forming a sensor
assembly,

- carrying out a characterisation of the mechan-
ical response of the selector upon an impact on
the sensor assembily,

- subjecting the coin to an impact against the in-
ertial mass, producing in said inertial mass an
action-reaction force,

- measuring with the accelerometer some data
related to the acceleration produced in said im-
pact,
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- processing said data related to the acceleration
together with the characterisation of the me-
chanical response of the selector, and

- extracting a characteristic function for the de-
velopment of said action-reaction force be-
tween coin and inertial mass,

such that said development is independent of the
selector characteristics.

Method according to claim 19, characterised in
that said characterisation is carried out by measur-
ing the impulse response of the selector.

Method according to claim 20, characterised in
that said characterisation is carried out by produc-
ing an impact with a duration substantially shorter
than the typical duration of a coin impact.

Method according to claim 19, characterised in
that said characterisation is carried out by measur-
ing the frequency response of the selector in both
magnitude and phase.

Method according to any of the previous claims,
characterised in that the extraction of said devel-
opment of the action-reaction force is carried out by
deconvolution techniques.

Method according to any of claims 19-23, charac-
terised in that the extraction of said development
of the action-reaction force is carried out by filtering
the data relative to the acceleration with the inverse
filter of the selector response.

Method according to claim 23 when depending on
claim 20, characterised in that the calculation is
performed recursively from samples in time of the
impulse response of the sensor assembly and of the
acceleration produced by the coin impact on the
sensor assembly.

Method according to claim 23 when depending on
claim 22, characterised in that the deconvolution
is carried out by the complex division of the spec-
trum of the acceleration produced in the coin impact
on the sensor assembly and the frequency re-
sponse of the selector, thereafter performing the in-
verse discrete Fourier transform of the result of said
division.

Method according to claim 24, characterised in
that the time coefficients of the inverse filter are ob-
tained by a recursive calculation method using sam-
ples in time of the impulse response, and in that
the form of the development of the action-reaction
force is calculated by the convolution in time be-
tween said coefficients of the inverse filter and the

10

15

20

25

30

35

40

45

50

55

28.

29.

30.

31.

32.

14

sampled signal provided by the sensor assembly
upon the impact of the coin.

Method according to claim 24, characterised in
that the time coefficients of the inverse filter are ob-
tained by the inverse discrete Fourier transform of
the complex inverse of the function that results from
calculating the discrete Fourier transform of the im-
pulse response samples of the selector, and in that
the form of the development of the action-reaction
force is calculated by the convolution in time of said
coefficients of the inverse filter and the sampled sig-
nal provided by the sensor assembly upon the im-
pact of the coin.

Method according to any of claims 22-28, charac-
terised in that the calculations involving recursive
type operations, sums of products of samples or
discrete Fourier transforms are performed by a dig-
ital signal processor (DSP).

Method according to claim 19, characterised in
that a parameter for discriminating coins is ob-
tained by calculating the spectral power by bands
of the acceleration signal produced by the coin or
of the action-reaction force calculated.

Method according to any of the previous claims,
characterised in that the development of said ac-
tion-reaction force between coin and inertial mass
is used as a reliable reference for determining an
instant after which the sound produced by the coin
can be analysed.

Method according to claim 31, characterised in
that for coin identification said instant is used to-
gether with an electrical signal corresponding to an
acoustic signal produced by the impact of the coin
on the inertial mass, without said acoustic signal be-
ing affected by vibrations produced in the casing of
the selector by said impact.
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