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rival sensor operative to produce an output signal when an Inserted coin
passing between the coils along a coin passage is of an acceptable
material. At a position further downstream the coin passage, This invention
relates to improvements in and    5   the coin is optically tested to check
its velocity, relating to apparatus for checking the validity of  diameter
etc. as disclosed In our U.K. Patent coins.
Specification No. 1,272,560, and if the coin passes Throughout the
specification the term "coin" is  both the initial inductive and subsequent
optical intended to mean genuine coins, tokens, counterfeit  tests, the
coin is accepted through an acceptance coins, slugs, washers and any other
item which   10  gate into an acceptance passageway. The optical may be
used by persons in an attempt to use coin-  test involves the use of light
sources with asso- operated devices.
ciated optical coin sensors such as photoelectric At the present time,
various kinds of electronic  devices. If these optical sources are
permanently coin validity-checking apparatus are In common      energised,
they have a particular expected life. use, for example employing one or
more inductive   is  Therefore, to extend the expected life of these
sensing coils or transmit/receive coils at different  sources, the light
sources are switched on by the positions spaced along a coin track along
which a   output signal from the inductive arrival sensor. The coin,
inserted into the apparatus, travels. The sens-  trend in recent years has
been towards inductive ing coils are connected to electronic processing
and capacitive techniques for carrying out the de- circuitry in which the
magnitude of a signal char-  20  sired measurements of coin characteristics
In the acteristic (i.e. frequency, amplitude or phase),    examination
region, but as mentioned above the which varies in dependence upon
characteristics of  total power consumption in known coin handling the coin
as the coin moves passed the or each       mechanisms is unacceptably high
for certain ap- inductive sensor, Is compared with predetermined
plications. values which are indicative of acceptable coins of  25  In US
Patent 3,738,469, various forms of ap- one or more particular
denominations. In this way,  paratus are disclosed for examining coins in
which the validity of the test coin can be checked, and   each coin is
firstly checked for size by a sensing the coin rejected if it does not pass
the appropriate  switch of one form or another, and then a second tests.
test is performed by a measuring probe. The coin The electronic circuitry
when switched on is  30  is accepted only if it passes both tests. The ap-
generally permanently energised from  a power       paratus is continuously
supplied with power but this source. In many applications, continuous power
is disadvantageous where the apparatus is depen- consumption Is
unimportant. For example, when       dent upon battery power. in order to
reduce the validation circuitry is used in combination with a  power
consumption, it is possible to utilise the vending machine for dispensing
hot drinks, the   35  diameter sensitive switch to switch-in and switch-
proportion of the average power consumed by the     out the current supply
network. However, the processing circuitry is negligible as compared with
switch is operated by the coin before the coin that required by the heater
and control equipment   arrives in the examination region of the measuring
in the vending machine. However, in certain uses    probe so that, despite
the measures taken, the of coin validity-checking apparatus such as in pay
40  current supply network is switched in slightly pre- telephones which
are supplied from relatively low   maturely. Also, the diameter sensitive
switch is set power supplies or cigarette vending machines or     to be
operated by contact of the coin edge as the parking meters supplied from
batteries, the average  coin passes the switch, whereas at the present
power consumed by validation circuitry of the kind  time contactless
measurements are to be preferred described is unacceptably high. In pay
telephones   45  for several reasons including reliability. In addition, in
use in many countries throughout the world,      the switch arranged at a
particular spacing from the various forms of mechanical coin
validity-checking  coin track can detect coins of one size only and
apparatus are still adopted at the present time and  therefore is not
suitable for multi-denomination use whilst it would be desirable to replace
these me-   where only a single coin track is employed. chanical systems
with electronic apparatus to im-   50  One aim of the present invention is
to provide prove the integrity of the validation checks carried  improved
coin handling apparatus which performs out on inserted coins, known
electronic coin       the necessary measurements on the coin induc-
validity-checking apparatus are generally unable to  tively or
capacitively, but whose average power comply with the requirement for the
very low aver-  consumption is relatively low. age power consumption (e.g.
2 mA at 5 volts).  55      According to the invention there is provided In
our British Patent 1,483,192, there is dis-  apparatus for checking the
validity of coins, com- closed electronic coin validity-checking apparatus
prising electrically operated sensor means for inter- which comprises a
transmitter/receiver inductive ar-  acting with a coin which travels along
a coin path 2   
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sensor means for checking, said  means is rendered operative substantially
only for sensor means producing an information signal in   sufficient time
to enable the stored limit values to response to said interaction,
characterised in that  be read out. By using currently available, low-cost,
the sensor means comprises a single sensor op-    non-volatile memories in
this way, It is found that erable both in a coin arrival sensing mode and
in   5   the mean power consumption can be kept very coin checking mode,
and In that the apparatus     low. further comprises means for applying
electrical      In a preferred embodiment to be described, an power to said
sensor at a low level so as to operate  inductive sensing device is
positioned alongside the sensor in said coin arrival sensing mode, said
the coin path so that in addition to establishing a low level being
sufficient for said information signal  10  changing field in the
examination region, it serves to be produced to a detectable degree during
an   for sensing the degree of Interaction between the Initial period of
said interaction, and control means  coin and the field, and for
determining arrival of the for detecting the occurrence of said information
coin in the examination region by detecting the signal as an indicator of
arrival of a coin at said  degree of interaction attaining a predetermined
sensor and in response increasing the power ap-  15  threshold which is set
to be passed through by any plied to said sensor so as to operate the
sensor in  acceptable coin while travelling through the exami- said coin
checking mode.                          nation region. Such a sensor
arrangement can have an aver-       By employing a single sensing device to
serve age power consumption less than that required for  both to detect
coin arrival and also to check the coin checking, but nevertheless be used
effectively  20  validity of the coin, the need for separate sensing for
coin checking by virtue of its power level being  devices for performing
these two tasks is avoided. increased sufficiently in response to coin
arrival.  The sensing device may be connected in an A preferred feature of
the invention is the inclu-  oscillating circuit whose frequency of
oscillation sion of electrical circuit sections which are adapted  reaches
a maximum value during the passage of to be individually powered-up for
checking the va-  25  the coin past the sensing device. lidity of coins,
and said control means being ar-    The peak frequency is a measure of one
or ranged to power-up, in response to detecting coin  more characteristics
of the coin and can be pro- arrival, each of said circuit sections through
periods  cessed for determining whether the coin complies when its
operation is required for a coin checking  with predetermined criteria of
acceptability. Even operation, but not through other periods,    30  though
it is the peak frequency which is used in This enables further reduction in
power con-  the measurement, the interaction between the coin sumption,
this being kept to a minimum when the   and the magnetic field set up by
the inductive design of each section of the validation circuitry is  sensor
also has the effect of reducing the am- optimised for minimum power
consumption when      plitude of the oscillator output signal. In a conve-
energised and, in addition, circuit sections are  35  nient method of
measuring the oscillator frequency, switched so as to become operative
substantially  a count is accumulated to correspond with the only for
sufficient time to perform the tasks as-  number of times the oscillator
output signal am- signed to them. As a result, when awaiting the    plitude
crosses a predetermined threshold level arrival of a coin, the standby
power consumption is  within a predetermined clocked interval. It is clear,
low and even when a coin is in the examination   40  however, that the
amplitude of oscillation has to be region, the power consumption is kept to
a mini-  sufficient such that even for the coin denomination mum.
Therefore, overall, the average power con-  to be recognised which gives
the largest attenu- sumption is also very low.                        ation
of the oscillator signal, the minimum am- One embodiment comprises memory
means          plitude of the oscillator signal must exceed the for storing
upper and lower limit values representa-  45  threshold level, in order to
determine the oscillator tive of a range of degrees of interaction with any
frequency correctly. By increasing the power sup- coin which is to be
acceptable, means arranged to  plied to the oscillator following detection
of coin determine the degree of interaction between the   arrival, this
requirement can be met. On the other field and a coin in the examination
region, and   hand the power which the oscillator needs to be comparator
means arranged to determine whether  50  able to detect coin arrival is
relatively low. thus, the the detected degree of interaction lies within
said  mean power consumption is also low. The power range. There are
currently available low-cost     consumed by oscillators of known
construction not memories which are volatile (i.e. the stored in-
employing this powering-up technique is dictated formation is destroyed if
the applied power is re-  by the power necessary for peak frequency sam-
moved). Therefore, such memories would need to  55  pling and this Is
unacceptably high for certain ap- be permanently energised. Non-volatile
memories   plications requiring low mean power consumption, tend to consume
larger quantities of power. How-  as mentioned above. ever, In a preferred
arrangement, the memory         Turning now to another feature of the
invention,   
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use a sensing coil mounted     substantially in a predetermined lateral
positional alongside a coin track and connected in a self-    relationship
relative to the sensing devices as it oscillatory circuit for checking the
validity and de-  passes between them, the sensing devices being nomination
of that coin. As the coin travels past the  connected in circuit with a
processing circuit such sensor, the frequency or amplitude of oscillation
5   that one of them is a measuring device which changes in dependence on
the degree of inter-      serves predominantly for detecting one or more
action between the magnetic field established by   characteristics of the
coin dependent upon the de- the coil in the examination region and the coin
gree of interaction between the field and the coin itself. A detector
circuit is used to determine wheth-  while the other one is a compensating
device er the change is compatible with predetermined   10   which serves
predominantly to reduce measure- values indicative of acceptable coins. For
high    ment scatter due to variations in coin flight path, checking
accuracy, it is essential that the near face  the inductance or capacitance
values of the sens- of the coin should always have a particular spacing
ing devices being selected at different values so as from, and orientation
relative to, the coil Itself at the  to increase the ratio of measurement
sensitivity to time of maximum interaction between the magnetic  15
scatter. field and the coin. For this purpose, it Is usual to   By
appropriate choice of the relative induc- cant the passageway away from the
vertical so that  tance or capacitance values for the sensing de- as the
coin rolls down the coin track gravity tends  vices, the ratio of
measurement sensitivity to scat- to hold the coin in facial contact with
one side wall  ter can be maximised, so as to optimise the overall of the
coin track along which the coin is travelling.  20   measurement accuracy.
The precise values chosen Moreover, within the space limits permitted, the
will depend on the range of variations in side-to- Inductive coil is
located as far down the coin track  side motion encountered. The larger
this Is, the as possible in order to allow sufficient distance for  higher
the ratio of the inductance values of the two any side-to-side motion of
the coin (such as non-  sensing coils. Depending on the circumstances, the
linear coin flight or wobble) to be reduced as far as   25  inductance
ratio could be as low as 10% or as high possible by the time the coin
passes by the sens-  as 90%. ing coil. However, practical limitations on
the width  The Inductive coils can be connected together of coil validity
checking apparatus limit the length  in series or parallel with the mutual
inductance of coin track available for allowing the motion of the  aiding
or opposing. When the coils are connected coin to settle down, to a
comparatively short dis-  30  together in series, the measuring coil will
have the tance which is often insufficient for completely   larger
inductance value whereas when they are overcoming inaccuracies due to
slight side-to-side  arranged in parallel the measuring coil will have the
motion of the coin. Although the use of a single   smaller value. Usually,
the coin passageway will be sensing coil can result in high sensitivity for
the  canted at a shallow angle (approximately [err]) to measurement made by
the coil, the overall accu-   35  the vertical plane so that, as far as
possible, it can racy is limited by measurement scatter.            be
ensured that the coin will travel down the pas- Measurement scatter can be
reduced by con-      sageway substantially in facial contact with one of
necting in series or in parallel with the sensing coil  the lateral walls
of the coin passageway. Depend- a further sensing coil which is mounted in
the     ing upon the particular coin characteristic or char- opposite side
wall of the coin passageway. This  40  acteristics to which the measuring
coil is intended further sensing coil has an inductance which is    to be
responsive primarily, the measuring coil may essentially identical to that
of the first coil. It is  be mounted in the near wall, against which the
coin found that this arrangement largely compensates    will run in facial
contact or in the far wall. For for any variations in lateral position of
the coin  example, when measuring coin thickness, the mea- relative to the
sensing coil as it passes by and   45  suring coil could be mounted in the
far wall, where- therefore measurement scatter is significantly re-  as
when measuring coin material, the measuring duced. However, this
compensation is achieved at   coil would generally be mounted in the near
wall. the expense of considerable loss of sensitivity in     Similar
considerations apply in cases where the coin validation tests.
the sensing devices are in the form of capacitive To provide an improved
inductive sensor ar-  50  elements. rangement, the sensor whose power level
is in-         Techniques are known for making a check on creased on coin
arrival, or another sensor for inter-  the validity of a coin which is
largely dependent acting with a coin comprises a pair of inductive or  upon
the material composition of that coin. One capacitive sensing devices which
generate a field  known technique involves transmitting an electro- and
which are mounted generally opposite, and   55   magnetic signal through
the coin and determining spaced away from, one another on opposite sides,
the resulting attenuation on the signal. Transmitting respectively of the
coin path which is so arranged  and receiving coils on opposite sides of
the coin that a coin travelling along the path will remain  track are
required for this purpose. There are two 4  
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with this technique. Firstly,  jected to a number of tests, one of which is
an the variation in attenuation produced by the several  inductive test
using a coil which Is connected to a coin materials in common usage, often
even in the  bridge sensing circuit energised from a 100 kHz coin set of
any one particular country, is so large  oscillator. The inductive test is
designed to exam- that, hitherto more than one signal frequency has   5
line the electro-magnetic characteristics of each been used to achieve
adequate discrimination. For  coin under test and the bridge network is
brought example, for copper, aluminium, mild steel and     into balance
only by acceptable coins. Coins which nickel a transmission frequency of
2kHz is particu-  do not balance the bridge are rejected. The ap- larly
suitable whereas for brass, cupro-nickel and  paratus is specifically
designed to recognise the non-magnetic stainless steel a frequency of typi-
io  former British 6d, 1/- and 2/- coins and the alloy cally 25KHz is
required. The need to use two        used in the manufacture of each of
these three frequencies involves either the use of two pairs of  coins is
identical. Thus this test is designed to transmitting and receiving coils
or mixing the two  recognise a particular coin material. It may be
frequencies on the transmitting coil and separating  capable of
distinguishing from homogeneous coins out the two frequencies from the
receiving coil with  15  consisting of a different material but coins of
sand- analogue filters. Such analogue circuitry is expen-  wich
construction might produce a response in the sive and has relatively high
power consumption.    test which is indistinguishable from the coin ma- The
second major disadvantage of this measuring    terial which the test is
designed to recognise, due technique is that for coins consisting of layers
of  to the "averaging" effect of the different coin ma- different materials
and at the frequencies adopted   20  terial layers. hitherto, the effect of
the different materials is     An aim of one of the features of the
preferred averaged. As a result, for a French 5 Franc coin   embodiment is
to provide improved apparatus which consists of a nickel-clad cupro nickel
core   which, when using only one frequency, is neverthe- and a German 5DM
coin which Is cupro nickel over    less capable of more reliably
distinguishing be- a nickel core, the degree of attenuation of the   25
tween identically dimensioned coins of different electromagnetic signal is
difficult to distinguish as  constitution, e.g. sandwich coins and
homogeneous between these two coins.                           coins.
Another modification involves determining the      A preferred embodiment
of the invention pro- phase difference between the transmitted and re-
vides apparatus containing such a feature, wherein ceived signals rather
than the attenuation of the   30  the sensor whose power level is increased
on coin signal. Although this technique does have some      arrival, or
another sensor for Interacting with a coin advantages, its major
disadvantage is the same as  is an inductive sensor arranged to subject a
coin in in the case of the attenuation technique, namely   the examination
region to an oscillating electromag- more than one frequency has, before
now, been       netic field, and including circuit means arranged to
adopted to give good resolution over the range of  35  determine whether
the degree of interaction be- materials used in coins and this again
requires two  tween the field and the coin is indicative of an channels and
analogue filters.                      acceptable coin, the field being
oriented so as to A variation on measuring the transmission at-   penetrate
the coin in a direction substantially nor- tenuation at a fixed frequency
or frequencies is to  mal to its faces and the frequency of the oscillating
measure the frequency which gives a fixed attenu-  40  field being such
that in the presence of an accept- ation using a voltage controlled
oscillator. For the  able coin which has a surface cladding the skin full
range of coin materials encountered, the trans-  depth of the field within
the coin is below the depth mission frequency has to be variable between
of the surface cladding but not as deep as the about 100 Hz and 100 kHz. A
voltage controlled      central plane of the coin. oscillator capable of
slowing quickly over this range   45  In this specification "skin depth" Is
defined as can be provided by using a fixed frequency oscilla-  the depth
below the surface of the coin at which tor (1 MHz) and a voltage controlled
oscillator op-  the current density is 1/e (where e is the exponen- erable
over the range 0.8 MHz to 1 MHz, and by     tial function) or 36.8% of the
current or field den- mixing the outputs of the fixed and variable oscilla-
sity at the surface of the coin. tors and then separating out the
difference fre-  50   The precise choice of field frequency will de-
quency. Although the combined output is digital     pond upon the
particular coins to be recognised, and therefore is suitable for
programmable validity  but usually the oscillating field frequency will be
in checks, the system  bandwidth and power con-        a range whose upper
and lower limits are substan- sumption again make this technique generally
un-    tially 80 kHz and substantially 200 kHz. suitable.
55      The particular choice of frequency is very sig- In British Patent
Specification 1,255,492, there  nificant. It is known that for very high
frequency is disclosed apparatus for testing and accepting    oscillators
(for example 1MHz) the skin depth (a and/or rejecting coins, in which each
coin is sub-  measure of the degree of penetration of the elec-  
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into the coin) is very small so  for the ratio of oscillator output voltage
in the that transmit/receive techniques are impractical and  absence of a
coin to the minimum output voltage even with inductive sensing techniques
the validity  with the coin in the examination region to be deter- check is
largely influenced by the surface material  mined. of the coin. The skin
depth is a function of the   5   For a better understanding of the
invention and frequency of the electromagnetic field and of the  to show
how the same may be carried into effect, conductivity and magnetic
permeability of the ma-   reference will now be made, by way of example, to
terial penetrated by the electromagnetic wave. It  the accompanying
drawings, in which:- will be apparent therefore that at these very high
FIGURE 1 is a diagrammatic side view of a coin frequencies, it is
Impossible to distinguish between   10    validator showing In particular
the arrangement a sandwich coin and a coin made wholly from the       of
three inductive sensors along a coin track; same outer layer material.
FIGURE 2 is a sectional view along line 1a - la It is also known to use low
frequencies (e.g.     in Figure 1; about 2 kHz) for which the "skin effect"
is negli-     FIGURE 3 is a simplified block circuit diagram gible and the
strength of the electromagnetic wave   is    of discriminating and control
circuitry used in within the material in the coin is not significantly
conjunction with the inductive sensors; attenuated. At such frequencies the
different effects  FIGURE 4 is a detailed circuit diagram of the of
different materials used in layered coins tends,   circuitry; with both
transmission and inductive sensing tech-    FIGURE 5 is a simplified
circuit diagram of a niques, to be averaged out and multi-layer coins   20
rectifying and smoothing circuit included in the are sometimes
indistinguishable from coins con-       circuitry of Figures 3 and 4;
sisting of one material only whose effect on the      FIGURE 6 Is a signal
diagram illustrating opera- electromagnetic wave Is the same as the average
tion of the rectifying and smoothing circuit; effect produced by a
different-layered coin. Such     FIGURE 7 is another signal diagram showing
the known techniques can therefore in some circum-   26   mode of operation
of an analogue-to-digital con- stances be unsatisfactory.
verter to which the output signal from  the On the other hand, It has now
been appre-         smoothing and rectifying circuit is supplied; clated
that by selecting the magnetic field fre-       FIGURE 8 is a flow chart
showing how a large quency to an appropriate value, typically within the
scale integrated circuit (LSI) included in the cir- range whose upper and
lower limits are substan-   30    cuitry of Figures 3 and 4 is
preprogrammed to tially 80 kHz and substantially 200 kHz, the mag-
operate; netic field will penetrate to a significant extent    FIGURE 9 is
a waveform diagram indicating the through to the outer regions of the core
of the coin  time when power is supplied to different parts of lying
beneath the surface regions but not to a        the discriminating and
control circuitry; substantial extent to within the heart of the core.  35
FIGURE 10 shows various signal waveforms to Thus, with appropriate choice
of the oscillation fre-  illustrate the significance of powering-up a high
quency, the skin depth will penetrate the outer       frequency oscillator
in the discriminating and layer of a sandwich coin Into the outer regions
of    control circuitry; the core and in this way a distinguishable dif-
FIGURE 11 shows an example of how the first ference would occur in the
attenuations produced   40    inductive sensor can be connected In the os-
by a French 5 Franc piece and a German 5DM            cillator circuit;
piece, for example. Of course, the precise value of   FIGURE 12 shows the
different "skin depths" in frequency chosen will depend upon the particular
three coins, depicted in diametrical section, of coin materials of which
the coins are made which      identical diameter and thickness, resulting
when the validator is specifically designed to recognise.  45  each coin is
subjected from both sides to an A frequency of approximately 120 kHz is
believed      oscillating electromagnetic field of a single par- to be
particularly suitable for many of the coin sets  ticular frequency, but the
coins consisting of (a) commonly in use in the world at the present time,
a metal core clad in a different metal (b) a clad including a multiplicity
of sandwich coins and        core coin with the two metals reversed and (c)
a homogeneous coins made from widely differing   50    single metal only;
materials.                                            FIGURE 13 Is a
simplified block circuit diagram, With the Inductive sensing arrangement
for-       similar to FIGURE 3, showing a modified dis- ming part of an
oscillator circuit whose frequency    criminating and control circuit; and
and amplitude change in dependence upon the           FIGURE 14 is a
circuit diagram of a preferred degree of interaction between the
oscillating mag-  55  way of realising part of the circuitry of FIGURE
netic field and in order to minimise the effect of    13. unwanted
parameters such as temperature effects,       The coin validity checking
apparatus to be de- frequency drift and the like, it may be preferable
scribed with reference to Figures 1 and 2 has no 6 
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or mechanism  control (such as   (Figures 3 and 4) which in the absence of
a coin change-giving) functions. It is capable merely of   from the
examination region of the apparatus and performing validity checks on
inserted coins and is  when energized will oscillate at a particular idle
adapted, by way of example, to recognise coins of   frequency. The idling
frequency in each case is a up to six different denominations. For this
purpose,   5   high frequency (typically 500-1500 kHz). When a it has six
individual output terminals J-P (Figure 4)  coin rolls down the track 4
towards each sensor at an appropriate one of which a signal will be     and
enters the oscillating magnetic field due to the produced, after an
acceptable coin of one of the six  sensor, an interaction will occur
between the coin recognised denominations has been inserted into     and
the oscillating magnetic field. This causes a and cleared the apparatus, to
indicate the denomi-  10  shift in the oscillation frequency of the
self-excited nation of the coin. In addition, an accept signal will
circuits, reaching a maximum value when the coin appear at terminal Q which
could be used, for       is directly facially opposite the sensor. The
oscilla- example to operate a coin accept/reject gate so as  tion frequency
will then start to reduce continuously to admit the coin into an accepted
coin chute.      as the coin travels past the sensor until the fre-
Alternatively, if the coin is not judged to be accept-  15  quency level
returns to its former idling level. The able, no signal will appear at
terminal Q and the   oscillation frequency waveforms for the sensors
accept/reject gate directs the coin into a rejected  HF1 and HF2 as the
coin 7 rolls down the track 4 coin chute.
are shown in Figures 9(a) and (c) respectively. The Referring to Figures 1
and 2, the coin validity  coin also absorbs energy from the oscillatory
cir- checking apparatus comprises an Inlet hopper 1 or  20  cuit, thereby
damping the circuit and reducing the slot in the top of the casing 2 of the
apparatus    amplitude of its oscillating voltage. The discriminat- through
which a coin can be dropped to be tested.   ing and control circuitry is
designed to investigate The coin travels downwardly under the action of
the peak frequency shift but to minimise the volt- gravity and strikes an
energy dissipating device 3  age amplitude reduction. The manner in which
this which is designed to absorb the impact energy of  26  is achieved is
described in more detail below with the coin without causing the coin to
rebound or     particular reference to Figures 3 and 4. For each bounce.
Accordingly, the coin, In position 7, starts  sensor, starting from its
idling frequency, the peak to roll under gravity along a downwardly
inclined  frequency shift will in each case depend upon coin track 4 to
pass, successively, three inductive  several characteristics of the coin
such as diam- sensors HF1, LF and HF2. The first sensor HF1   30  eter,
material, thickness and surface detail. How- comprises two circular coils
arranged one at each   ever, each of the sensors HF1, HF2, owing to its
side of the coin path in front and rear, spaced-    size and shape,
arrangement relative to the coin apart, side walls 5 and 6 (see Figure 2)
which,     track, and oscillation frequency, is designed to re- together
with the coin track 4, define a coin pas-  spond predominantly to one
particular characteris- sageway. Figure 2 shows clearly that the side walls
35  tic. Thus,the HF1 sensor is responsive mainly to 5,6 are canted
backwardly away from the vertical at  coin thickness. The HF2 sensor on the
other hand a shallow angle (typically approximately 10 ) so as  is
responsive primarily to coin diameter. When to ensure as far as possible
that as the coin rolls  processing the HF1 and HF2 frequency signals, a
past the sensors HF1, LF and HF2 in turn, it will be  comparison is made to
determine whether the peak in facial contact with the rear side wall 6. The
lower  40  frequencies derived from each coil are compatible edges of the
coils of HF1 are spaced slightly above  with sets of predetermined upper
and lower limit the coin track 4. The diameter of the coils is      values
indicative of acceptable coins of particular smaller than the smallest coin
which is to be recog-  denominations. nised so as to minimise "diameter
effects". Simi-      The LF sensor is also connected in a self- larly, the
second sensor LF comprises two circular  45  excited oscillatory circuit
302 (Figures 3 and 4) but coils mounted one in the side wall 6 and the
other  this oscillates at a significantly lower frequency. For in the front
wall 5, and both coils are arranged with  special reasons which are
discussed below, the their lower edges slightly above the coin track 4.
frequency is selected in a range whose upper and The diameter of the coils
is smaller than the small-  lower limits are substantially 80 kHz and 200
kHz, est coin. The third sensor HF2 which is mounted in 50  and preferably
at a frequency of about 120 kHz. In the side wall 6 comprises a single coil
but this coil  the case of the LF sensor, a coin rolling down the has an
oval-shape and is arranged with its major    track 4 past the sensor will
bring about a frequency axis extending in a generally upward direction
rela-  change and amplitude attenuation of the oscilling tive to the coin
track. As shown, the lower edge of  output signal of the circuit 302 but in
this case the the HF2 sensor is spaced above the track 4 but it  55
frequency change is small and ignored and instead could alternatively be
arranged below.              a comparison is made to determine whether the
The sensors HF1 and HF2 are connected in        signal amplitude at peak
attenuation is compatible respective, self-excited, oscillatory circuits
300,301  with groups of upper and low limit values cor- 
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acceptable coins of recognised de-   proportional to the magnitude of the
oscillatory nominations. The LF sensor is predominantly re-    circuit
output signal. This analogue signal is con- sponsive to the material
characteristics of coins.  verted in the voltage-to-frequency converter 314
If the validation (discrimination and control). cir-  into a corresponding
digital frequency signal. The cuitry determines that a coin which has
cleared the   5   amplifier 312 serves to isolate the LF oscillatory HF1,
LF and HF2 sensors has passed an appro-       circuit from  the loading of
the rectifying and priate combination of tests for any one particular
smoothing circuit 313. coin denomination which is recognised by the coin
In a programmable-read-only-memory (PROM) checking apparatus, it generates
an accept signal  315 are stored upper and lower limit values for on
terminal Q (Figure 4). If one or more tests is  10  each of a number (in
this example 6) of different failed, no accept signal is generated. The
presence  coin denominations which the discrimination and or absence of an
accept signal in terminal Q is    control circuitry is designed to
recognise. The used to control the position of an accept/reject   PROM 315
is energized at its input pin y from the gate, as mentioned above.
power unit 304 when an electronic switch 319 is Referring to Figure 3, when
the discrimination   15  closed by a "PROM-enable" signal generated on and
control circuitry is switched on initially in the  line 318. The operation
of all the circuit elements of absence of a coin, the LF and HF2
oscillatory      the validation circuitry is controlled by a large scale
circuits 301,302 are not energized because no volt-  integrated circuit
(LSI) 316 having Inputs a, b, c age signal is applied to their external
bias inputs 1,  connected to output lines 501, 502 and 471 of the but HFI
circuit 300 Is set in a standby or idling   20  oscillatory circuits [err],
[err] and the voltage-to- condition because the potential of power source
frequency converter 314, respectively, The LSI 304 is permanently applied
to its internal bias cir-  handles the input data it receives in accordance
cuit In this condition, the HF1 oscillator 300 draws  with a predetermined
program, the flow diagram for a small current, typically less than about 1
mA at 5  which is shown in Figure 8, and generates, when volts, from an
external power source 304, the HF1   25  appropriate, "power-up" signals on
line 317 and oscillatory circuit being connected back to the re-
"PROM-enable" signals on line 318 so as to read turn terminal of the power
supply through a resis-  out the sets of upper and lower limit values
stored tive circuit (such as a resistor) 305. Connected in  in the PROM.
The LSI is also operative to compare parallel with the circuit 305 is a
branch network  the measured HF1, LF and HF2 values with limit comprising a
resistive circuit (such as a resistor)  30  values read out from  the PROM
to determine 306 which is connected in parallel with resistive  whether
each coin under test is an acceptable coin circuit 305 when an electronic
switch 307 is closed  of a recognised denomination. by a voltage signal in
line 500. In the HF1 standby    Referring now to Figure 4, terminals A and
B mode, electronic switch 307 is open.               serve for connecting
the power supply and return A power-up electronic switch 308, when closed,
36  terminals of the external power source 304 (Figure by a "power-up"
signal on line 317, causes power   3) to the validation circuitry. Terminal
A is con- to be supplied from power source 304 along line    nected to a
supply voltage line 400 and terminal B 309 both to close switch 307 and to
supply power   is connected to a negative potential (0 volts) line along
power-up line 310 through a biasing circuit  402. network 311 to the HF2
oscillator 301, the low   40   The HF2 oscillator 301 is connected between
frequency oscillatory circuit 302, an amplifier 312,  lines 400,402.
Oscillatory circuit 301 suitably is a a rectifying and smoothing circuit
313 and a       Colpitt's circuit whose transistor has its emitter
voltage-to-frequency converter 314. The power      connected to negative
potential line 402 through a supplied on line 310 via the biasing circuit
network  series arrangement of an inductance 406 and resis- 311 brings the
HF2 and LF oscillatory circuits 301   45  tance 405. The oscillator becomes
operative when and 302 into operation. Also, the closing of switch  a bias
signal is applied on line 407 to the transistor 307 so as to bring
resistive circuit 306 into parallel  base. The output 503 of the HF2
oscillatory circuit connection with resistive circuit 305 reduces the  is
connected by line 501 through capacitor 408 and effective resistance
between the oscillatory circuit  a buffer circuit 409 to Input b of the LSI
316. The 300 and the return terminal of the power unit 304   50  buffer
circuit 409 enables the output signal of the and this has the effect of
stepping up the oscil-   HF2 oscillatory circuit 301 to be monitored on
latory circuit 300 from its idling or standby con-  output terminal D
without effecting the oscillation dition to full energisation. This
increases the os-  frequency. cillation amplitude.
The two coils of sensor HF1 which in this The output signal from the LF
oscillatory circuit  55  example is arranged in parallel opposition are
con- 302 is buffered in amplifier 312 and then fed to a  nected in a
Colpitt's oscillatory circuit iun corre- rectifying and smoothing circuit
313 which pro-    sponding manner to sensor HF2. However, as al- 



duces a direct current signal at its output which is  ready mentioned
oscillator HF1 is always at least 8    15                EP 0 304 535 B1
16 idling owing to a biasing voltage signal which is  to deliver on output
lines DO-D3 signals repre- applied to the base of the oscillator transistor
base  sentative of the sets of upper and lower limit val- from a voltage
divider comprising a series arrange-  ues, stored in the PROM,
corresponding to the coin ment of a resistor 410, a diode 411 and a
resistor  denominations associated with the appropriate de- 412 connected
between the positive and negative   5   coded address line AO-A6. The
address lines AO- voltage lines 400,402. The effective resistance of  A5
are respectively connected to the correspond- the branch connecting the
emitter of the oscillator  ing coin output terminals J, K, L, M, N, and P.
transistor to the negative voltage line 402 can be  Address line A6 is
connected to terminal Q. The reduced by a power-up signal applied to the
base  PROM address signals and the output signals are of electronic switch
307, which takes the form of a   10  carried on the lines AO-A6 at
different times. By switching transistor, so as to connect resistance
using multiplex operation to carry the several sets 306 in parallel with
resistance 305. The effect of  of data on lines AO-A6, the number of pins
re- this Is to switch the HF1 oscillatory circuit 300 from  quired on the
LSI, and thereby also cost, is re- its idling or standby condition onto
full power. The  duced. ratio of the capacitances of the two capacitor  15
The LSI operation follows a program which 580,581 in the tuned circuit of
the HF1 oscillator is  proceeds in accordance with clock pulses from a
chosen at approximately 3:1 to minimise the at-  clock circuit 422
supplying, simultaneously, two tenuation of the output signal from the
output 505  sets of clock pulses at frequencies of 0.5 MHz and of the
oscillator. This output of the HF1 oscillatory  250 Hz. The reason for two
sets of clock pulses is circuit is connected through capacitor 413 and a
20  that there is a wide variety of different timing buffer circuit 414 to
input a of the LSI 316. The  waveforms required in the LSI 316 and it is
conve- buffer circuit 414 is continuously operative to allow  nient to
generate these using the two significantly the oscillation frequency of the
HF1 oscillator to be  different, base clock frequencies and appropriate
monitored at terminal C without modifying its value.  dividers. The LS1
provides a signal on an output Capacitor 415 connected between the base of
the  25  terminal G to enable the clock pulse rate to be oscillator
transistor and the negative line 402   monitored. In addition, the LS1
preferably  as serves as a decoupling capacitor for the transistor.  shown,
has a setting input d provided with a switch Further capacitors 403,404 and
416 connected be-  423  for pre-selecting  one  of two  different tween the
voltage lines 400,402, serve to provide  arrival/departure threshold levels
for the HF2 sen- high frequency filtering and energy replenishment.  30
sor. This prevents fluctuations in the supply voltage     The lower
frequency (LF) oscillatory circuit 302 which could otherwise upset
operation of the vail-  is similar to the two high frequency oscillators
(HF1 dation circuitry.                                 and HF2) and again
comprises a Colpitt's oscillator, The base of switching transistor 307,
which is  the two coils of the LF sensor being arranged in connected to
negative line 402 through a parallel  35  parallel with their mutual
inductance opposing in arrangement of a resistor 708 and capacitor 709, is
this example. The oscillator transistor is provided arranged to receive a
voltage signal along line 500  with a series arrangement of a resistor 429,
a diode through resistor 710 when electronic switch 308,  430 and another
resistor 431 together constituting again in the form of a switching
transistor, is  the biasing network 311, and also two decoupling switched
on by a "power-up" signal supplied to its  40  capacitors 432,433 which,
together with the series base on line 317 from the LS1 316. The electronic
network 429-431, are connected between on the switch 319 comprises a first
switching transistor  one hand a switched supply line 434 supplied from 420
which supplies a voltage signal to the base of  lines 310 so as to receive
the power-up voltage a further switching transistor 421, when the LSI 316
when the LSI generates a power-up signal on line generates a "PROM-enable"
signal on line 318 and   45  317, and on the other hand a negative voltage
line also switches power to input y of the PROM. The   435 which is at the
same potential as negative voltage signal applied to the base of transistor
421  voltage line 402. The emitter circuit of the Colpitt's simultaneously
causes a signal to be applied to an  oscillator includes a variable
resistance 436, and enable input x of the PROM 315 to enable the LSI  fixed
resistors 728 and 729 in conjunction with 316 to address the PROM and
read-out stored   50  inductance 730, to enable the oscillation amplitude,
data.                                             with and without a coin
present to be set within the A capacitor 424 connected between the lines
dynamic range of the validation circuitry. The os- 400,402 stores energy
from the external power     cillating output signal from circuit 302 Is fed
to source so that the stored energy can be used to   amplifier 312 which as
shown takes the form of an augment the power supplied to the PROM 315   55
emitter follower buffer whose output is fed on line when the transistors
420,421 are switched-on.     437 to the rectifying and smoothing circuit
313 and 



The PROM 315 has seven address inputs AO-     also fed, via capacitor 438,
to a differential amplifier A6, which enable the LSI 316 to request the
PROM  439, functioning as a zero-crossing detector, which    17
EP 0 304 535 B1                    18 serves to control the operation of
the circuit 313.  preferred, they are integrated in one device. The As
shown in Figure 5, the rectifying and       use of four switches and the
low impedance buffer smoothing  circuit 313 comprises two CMOS         312
ensures that the filter network inputs always switching devices 440,441
arranged in parallel    see a constant, low source impedance and there-
branches 510,511 supplied from the output of the   5   fore the
differential measurement is always ac- emitter-follower buffer 312,
respective branches  curate. each connecting one of the branches 510,511 to
a      Thus, the disclosed rectifying and smoothing line 444 held at a
reference voltage and including a  circuit 313 provides a DC signal from an
input further CMOS switching device 443,442, respective  sinusoidal
waveform with very low power consump- filter networks 445,446 for the two
branches  10  tion. The same result would not be achieved with a 510,511,
and an integrating differential amplifier  simple diode rectifier because
of the off-set voltage 447 whose inputs receive the output signals from
due to the forward voltage drop of the diode and these filter networks.
Figure 6 shows at (a) the  the temperature coefficient of that voltage. A
preci- sinusoidal output signal from the emitter-follower  sion rectifier
using two diodes and an operational buffer circuit 312. The zero-crossing
detector 439,  15  amplifier removes these sources of error but the whose
output is gated to the four CMOS switching   operational amplifier would
require a gain band- device through NOR gate 448 (Figure 4) so that it
width product of about 100 times the operating controls these switching
devices only when receiv-  frequency (i.e. 100 x 120 kHz = 12 MHz) and a
ing an enabling signal on a line 530 from the       fast slew rate. The
circuitry described with refer- power-up line 317, controls the CMOS
switching   20  ence to Figures 4, 5 and 6 removes the need for devices in
pairs 440, 442 and 441, 443 so that the  these requirements. positive half
cycles of the signal on line 437 appear  For the duration of the power-up
signal gen- at the input to filtering network 445 while the nega-  erated
by the LSI, the negative DC voltage signal tive halt cycles appear at the
input to filtering  on line 450 (Figure 4) is fed on a first branch 455
network 446. These signal waveforms are shown at  25  directly to a CMOS
switching device 453 and on a X and Y, respectively, in Figure 6 (c) and
(d) while  second branch, which incorporates a unity gain the switching
waveform from the zero-crossing de-  inverting amplifier 451, to a second
CMOS switch- tector is shown in Figure 6 (b). As shown in Figure  ing
device 454 by way of line 456. These CMOS 4, the filter networks 445,446
are RC filters which  switching devices are alternately switched by a each
produce an average DC level from waveforms   30  common digital signal on
output line 457. The X and Y which is fed to the corresponding input of
switched voltage from the switching device 453 or the integrating
differential amplifier 447. The in-  454 is fed to non-inverting input of
an Integrating tegration provides a second stage of filtering while
amplifier 472 which generates an increasing or the effect of being a
differential amplifier causes  decreasing ramp output voltage depending
upon the magnitudes of the positive and negative inputs  35  the algebraic
sign of the input voltage signal. The to be added arithmetically to produce
a negative  ramp signal is compared in a voltage comparator DC output
voltage which appears on output line    452 with a reference voltage on the
inverting input 450.                                               of the
comparator. This voltage is switched be- It is to be noted that as the
amplifier 447    tween values +Vt and [err] by the output signal of
receives substantially DC input signals, It does not  40  the comparator
452 which is fed back through a require a large bandwidth or a high slew
rate. The  resistive network comprising resistors 458,459. zero-crossing
detector 439 is a switching device      A reference voltage V ref is
provided on line having low power consumption and the CMOS de-      460
from an operational amplifier 461 having its vices 440-443, which are
energised only when the  Inverting input biased from the power-up line 310
power-up signal, applied on line 530 to one input of  45  through a voltage
dividing network comprising NOR gate 448, Is generated by the LSI have
negli-  equal value resistors 465 and 466 connected be- gible power
consumpton.                           tween the negative line 435 and the
power-up line The use of the differential amplifier 447 is   310.
Capacitors 463 and, 464 are decoupling ca- important for measurement
accuracy. Consider an   pacitors. The reference voltage on line 444, the
input waveform having a DC offset component re-  so  reference voltage of
the zero-crossing detector ferred to the reference supply. This DC level
will  439, the voltages on the non-inverting inputs of be alternately
presented at X and Y which will give  amplifier 451 and Integrator 456, and
the reference identical DC components of the same polarity and   voltage
[err], are all derived from the reference the resultant output from the
differential amplifier  voltage [err] on line 460. will be zero. The CMOS
analogue switches 440-  55     Operation of the voltage-to-frequency
convert- 443 need not have zero ON resistance since it is  ing circuit 314
will now be described with reference 



only required that the ON resistance for the four  to Figure 7. The DC
output voltage from the rectify- devices be similar, which is inherent
when, as is  ing and smoothing circuit 313, which is fed on line 10    19
EP 0 304 535 B1                    20 450 as the input voltage to the
voltage-to-frequency  310 in order to keep the detecting circuitry linear
converter 314, is denoted by -[err] (V ref on line 460  throughout its
dynamic range. It is also pointed out is denoted as 0 volts). Consider time
to when the  that the use of the same input voltage (i.e. the voltages on
branches 455,456 at the inputs to the   output voltage from the rectifying
and smoothing switching devices 453,454 are shown in Figures 7-   5
circuit 313 for the positive and negative half cycles (a) and 7(b),
respectively. At this time, the com-  of the input voltage waveform of the
Integrator 472 parator output signal appearing at the output of a  ensures
that there is no off-set in the output fre- NOR gate 470 has the negative
value [err] (Figure    quency signal on line 471. In other words when the
7(e)) and this signal applied simultaneously to con-  input voltage[err] is
near zero, the frequency of the trol Inputs of switching devices 453, 454
admits the   10  signal on line 471 is near zero too. voltage +[err] to the
inverting input of integrating    It is further pointed out that the period
of the amplifier 472 while withholding the [err] voltage.   LF signal on
line 471 is proportional to Vt which in Figure 7(c) shows the input votlage
to the integrat-  turn Is proportional to the power-up voltage but ing
amplifier 472. This amplifier accordingly sup-  since [err], increases with
the power-up voltage ([err] plies at its output a ramp voltage [err] (see
Figure  is  is proportional to the amplitude of the low fre- 7(d) having
the value [err] where RC repre-    quency oscillator output signal), the
output period sents the effective resistive and capacitive values  is
substantially independent of the power-up volt- of the integrator 472. The
output voltage of integra-  age. tor 472 is compared, in a voltage
comparator 452,      Essentially, the function of the LSI is to pro- with
the threshold voltage, which at this time has   20  cess the HF1, HF2 and
LF signals which it receives the value -Vt, applied to the inverting input
and   on inputs a, b, c in such manner as to determine when the output ramp
voltage equals the reference  whether the coin under test is an acceptable
coin voltage (at time [err]), the output of comparator 472  of a recognised
denomination. In the case of the changes from low to high so as to have a
new        HF1 and HF2 signals, the LSI determines the in- value
[err](Figure 7(e)). [err] is substantially the   25  stantaneous
frequencies in each case by counting same potential as that of line 435
while [err] is    the number of times the HF signal crosses a preset
substantially the same potential as that of line 310.  threshold level
([err] referred to in the description of The change in the output voltage
of comparator      Figure 10) in a predetermined clock interval. For 452
due to the resistive network 458, 459, has the  the LF signal, the LSI
counts the number of clock effect of changing the reference voltage on the
30  pulses generated by the clock circuit 422 during inverting input of
comparator 452 to + [err]. At the   each cycle of the LF signal and
therefore measures same time, the new output of comparator 452        the
instantaneous period of the LF signal. switches the devices 453,454 so that
the voltage       Ideally, in order to compensate for the effect of applied
to the inverting input of integrator 472 now  drift, temperature change and
like factors, the LSI has the value -[err]. This is indicated in Figure
7(c).  35  computes the ratio of the peak value of each of the The
integrator output voltage then rises steadily   HF1, HF2 and LF counts to
the corresponding with slope V/RC until (at time t2) the integrator  idling
levels (i.e. no coin in the examination region output voltage equals the
value [err], whereafter the  of the corresponding sensor) existing just
prior to circuit switches once more and the integrator out-  or after the
peak level, and then compares the put again becomes a falling ramp voltage.
It will be   40  calculated ratios against the sets of predetermined
understood, therefore, that (for the duration that the  upper and lower
limit values read-out from the power-up signal is generated by the LSI) a
pulsed   PROM 315. In practice, for the HF1 and HF2 sig- voltage signal is
generated on line 457 from the    nals, each peak count is not
significantly different output of NOR gate 470 which passes, along line
from the idle value and so a sufficiently close 471 to the LF Input c of
the LSI 316. It will be seen   45  approximation to full compensation is
obtained by that the positive and negative slopes of the integra-
computing the difference between the peak and tor output voltage are
proportional to the magnitude  idling frequency values. However, the
attenuated of [err]. Therefore, the frequency of the signal gen-  peak LF
amplitude for some coin denominations is erated on line 471 is linearly
proportional to the  very much smaller than the idle value and so the
amplitude of the output signal from the LF oscillat-  50  LSI is programmed
to compute a quotient value in ing circuit 302.
the case of the LF count It is to be noted that the selected magnitude of
The LF output signal on line 471 is a square the reference voltage [err] is
not particularly signifi-  wave of substantially 1:1 mark ratio and its
fre- cant as it Is used as a common reference voltage    quency varies in
accordance with the magnitude of for the rectifying and smoothing circuit
313, invert-  55  oscillation of the LF oscillatory circuit 302. In order 



ing amplifier 451, integrator 472 and comparator   to measure accurately
the peak attenuation of the 452. Suitably, the selected magnitude Is equal
to  coin moving past the LF sensor, each measure- approximately half the
"power-up" voltage  on line  ment sample made by the LSI should preferably
11    21               EP 0 304 535 B1                    22 not last more
than 2.5 ms. Therefore, for 0.1%    above. accuracy the input frequency
would have to be 400 kHz minimum. To minimise the effect of integrator
Step 800: bandwidth and signal propagation delay through the comparator
452,the period of the LF input sig-   5  The LSI resets all registers,
latches, timers and nal to the LSI rather than the input frequency is
sequencers. measured, as already Indicated. In a practical ex- ample, the
maximum period has been chosen to be   Step 801: 2 ms and a 512 kHz clock
is gated for each period to give a maximum count of 1024 in that period.
10  A delay, for example 256 ms, is times out to This maximum period
corresponds to the minimum    allow the HF1 oscillatory circuit sufficient
time to oscillator amplitude which corresponds to the coin  settle down
into a regular oscillation frequency in denomination giving rise to the
highest attenuation.  its standby or idling mode. The peak-to-idle ratio
computed by the LSI is cho- sen to give a full-scale measurement to an 8:1
15  Step 802: attenuation ratio coin. The minimum period, cor- responding
to no coin present, is therefore 0.25     Next, the HF1 idle count is
accumulated by the ms. This "idle" period is measured over 8 succes-  LSI.
sive periods to increase the resolution and can be measured either before
the coin is present or after  20  Step 803: the coin has left the
measurement field. After the measurement, the LS1 316 has two ten bit
binary     In the manner described above, the LSI repet- numbers in store
corresponding to two Input       itively accumulates a count corresponding
to the periods. The first binary number (idle) is a count of  number of
times the oscillator signal crosses the the total pulses generated during
eight successive   25  [err] threshold (Figure 10(d)) in a predetermined
Idle periods. The second ten bit binary number    clock interval. In
respect of each count the LSI (peak) is a count of the maximum number of
cloc-  computes A HF1 which is equal to the HF1 count ked pulses generated
during any single input pe-  minus the HF1 idle count accumulated at step
802. riod existing between HF1 arrival and HF2 depar- ture. The LSI
performs the binary division.  30  Step 804: (Peak/idle) x 512 = normalized
peak                  Each computed value [err] is compared with A HF1T
(equal to a count corresponding to HF1T The normalized peak is a nine bit
binary num-  (see Figure 10(a)) minus the HF1 idle count and if ber
corresponding to the attenuation of the coin  35  the [err] count is not
greater than the [err] and Is compared in the LSI with sets of upper and
count the LSI returns to repeat step 803 in respect lower limit values read
out from the PROM 315.    of the next HF1 count. If, however, the A HF1 It
is to be noted that the magnitude of the   count exceeds the A HF1T count,
the LSI proceeds power-on voltage, the 512 kHz clock frequency, the  to
step 805. It will be appreciated that step 804 is values of RC in the
integrator, the gain of the   40  searching in effect for coin arrival. It
should be rectifying and smoothing circuit 313 and the ab-  noted in
particular that prior to the detection of coin solute amplitude of the LF
oscillatory circuit 302 do  arrival, the electronic switches 316 and 308
are not affect the normalized peak value providing that  switched off
because there is no power-up signal the low frequency detecting circuitry
has a linear  generated by the LSI on line 317 and so the LF response.
45  and HF2 oscillatory circuits 302 and 301 are de- Operation of the
entire coin checking apparatus  energised. Also, there is no "PROM-enable"
signal will now be described, particular reference being  generated by the
LS 316 on line 318 and so the made to Figure 8 which shows the several
steps    PROM 315 Is de-energised also. Therefore, the (800-842) performed
by the LSI.                   only current which is drawn from the power
source It Is assumed that the validation apparatus is  50  is that required
to maintain the HF1 oscillator on switched off and no coin is present
anywhere in it  standby and to energise the LSI. This total current The
apparatus is then switched on. In the following  would typically be less
than about 1 mA at 5 volts. description, to facilitate an understanding of
the operation of the LSI, a simple mode of handling the  Step 805: HF1, HF2
and LF input signals to the LSI will be   55 



described although, in practice, more sophisticated  The LSI sets the
power-up latch which has the techniques might be adopted, for example
handling  effect of generating a power-up signal on line 317 the LF singal
on line 471 in the manner described  so as to supply the HF1 oscillator
with full power 12    23                EP 0 304 535 B1
24 and so as also to energise the LF and HF2 circuits.  ceeds from step 808
directly to step 810. The program then proceeds simultaneously to step 806,
for the HF1 signal, and to step 826, for the LF  Step 810: and HF2 signals.
5      The HF1 timer is reset. Step 806: Step 813: An HF1 timer, set to
time-out a predetermined period (256 ms in this example),is started. The
The peak [err] HF1 count determined in step 807 purpose of the HF1 timer
will be explained below.    10  is compared with the several sets of HF1
upper and lower limit values stored in the PROM, to Step 807:
determine whether the peak count lies between the upper and lower limit
values of one or the recog- Each successive A HF1 count is checked
nised denominations. against the highest A HF1 value received since  is
coin arrival was detected and if the current value  Step 826: exceeds the
previously noted peak value, the cur- rent count is substituted as the new
peak value.     Reverting to the LF and HF2 signals, the pro- gram delays
for a preset period, for example 32 Step 808:
20  ms, before proceeding simultaneously to steps 814(LF) and 815(HF2).
This delay allows transients A determination Is made as to whether each A
in the LF and HF2 oscillations to die away before HF1 count exceeds the A
HF1T count. If so, the    the LF and HF2 measurements are taken. program
proceeds to step 809 but if not (i.e. HF1 departure is detected) the
program proceeds to  25  Step 814: step 810. The LF count corresponding to
the number of Step 809:                                         clocked
pulses counted in each cycle of the LF signal is repetitively accumulated.
If the HF1 timer is timed out, the program   30 proceeds to step 811.
Otherwise, it returns to step  Step 816: 808 to repeat step 808 in respect
of the next A HF1 count. The HF1 timed period, 256 ms,is cho-      A search
is made for the peak LF count of the sen such that, for all acceptable
coins, HF1 depar-  several counts received. ture will have been detected
within the HF1 timed  35 period. However, it Is conceivable that factors
such  Step 815: as HF1 idle drift, when the apparatus is not being used by
a customer might have caused the [err]       The HF2 Idle count is
accumulated. idle count to have risen above the A HF1T thresh- old. Thus,
the LS1 would erroneously detect coin  40  Step 817: arrival and, in
addition, no HF1 departure would be detected. Under such conditions, were
it not for the  The LSI repetitively accumulates the HF2 count HF1 timer
the resetting of the LSI could not take  corresponding to the number of
times the HF2 place. However, in the unusual event of the HF1   signal
crosses a predetermined threshold level in a idle count rising to above the
HF1T threshold, after  45  clocked interval and calculates for each HF2
count the 256 ms delay the program proceeds to step     the value A HF2
which is equal to the HF2 count 811.
minus the HF2 idle count. Step 811:
Step 818: 50 A new HF1 idle count is stored.                   The LSI
stores the largest of the several HF2 counts as the peak count. Step 812:
Step 819: All the registers, latches, timers and sequences  55 



are reset, and the program returns to step 803 to    This LSI searches for
transition from the [err] HF2 re-commence searching for arrival of another
coin.  count being greater than HF2T to the [err] HF2 count Under normal
circumstances, the program pro-      being less than [err] HF2T. If the
transition condition 13    25                EP 0 304 535 81
26 is not satisfied the program returns to steps 816  validity checking
apparatus is that the use of the and 818 to continue searching for peak LF
and HF2  PROM  means that the only modification which counts. When the
transition condition is satisfied  needs to be made for adapting the
apparatus to the (i.e. HF2 departure), the program proceeds simulta-  coin
sets of different countries is to change the neously to steps 820 and 821.
5   data stored in the PROM accordingly. Referring to Figure 9, there is
shown in a time Step 820:                                         plot the
change in various signals and currents in the validation circuitry. Figures
9(a) and 9(c) show The A HF2 peak count is compared with the [err]   the
variation in the frequencies of the HF1 and HF2 HF2 upper and lower limits
for the different coin  10  oscillator output signals while Figure 9(b)
repre- denominations read-out from the PROM  to see      sents the
amplitude of the LF oscillator output whether the HF2 peak lies between the
limit values  signal. Figure 9(d) shows the total current drawn by for any
one of the recognised denominations.      the HF1 oscillator and the LSI.
This current changes from an idling level, following the HF1T Step 821:
15  threshold being reached, to a higher level which lasts until shortly
after the HF2 frequency falls The LSI accumulates the LF idle count. In
this  below the HF2T threshold, after which the HF1 regard, it is pointed
out that for the HF1 and HF2  oscillator returns to Idling again. As the
damping measurements, It is necessary to accumulate the    effect of even
the most attenuative coin is small at Idle value before the coin has
arrived in the exami-  20  the time of sensing HFI arrival, the idling HFI
power nation region because the idle value is needed in  consumption can be
very small, e.g. less than the computations which take place when the coin
is  about 1 mA at 5 volts. The LF and HF2 oscillators in the examination
region. In the case of LF, how-  are energised for the same time that the
HFI os- ever, it is the ratio of LF peak to LF idle which is  cillator is
operating on full power. This is shown in measured and therefore the idle
value can be mea-  25  Figure 9(e). The total current drawn by the valida-
sured before or after the coin is in the examination  tion circuitry during
this time (apart from when the region. In this example, it is found to be
more    PROM Is energised) is about 15 mA at 5 volts. convenient to measure
LF idle after the coin has   Figure 9(f) shows that the PROM  is energised
left the examination region.                      during a first period to
enable the HF1 limit values, so  and during second and third periods,
following HF2 Step 822:                                         departure,
to enable firstly the HF2 and then the LF limit values, to be read-out from
the PROM. The The LSI computes the ratio of the LF peak      total current
drawn by the validation circuitry is count determined at step 816 to the LF
idle count  relatively high at about 50-150 mA at 5 volts while determined
at step 821.                       35  the PROM is energised but the three
periods dur- ing which the PROM is energised for each coin can Step 823:
be chosen to be just long enough for the required reading-out of limit
values so as to minimise the The LS1 compares the computed LF ratio with
total time for which the PROM is energised. The the upper and lower LF
ratio limit values for the   40  stated power consumption figures for the
PROM different coin denominations read out from the    apply to bipolar
PROMS which are chosen for PROM.
cheapness. CMOS PROMS are available with lower power consumption but
currently their cost is so Step 824:
high as to make them  unsuitable. Figure 9(g) 45  shows how the total
current drawn (full line) varies The LSI carries out a validity check to
see    with time. The dashed line indicates a typical value whether the
HF1, HF2 and LF tests carried out In   (below 2mA at 5 volts) for the
average current steps 813, 820 and 823 each indicate the same
consumed. Of course, the value will depend on the denomination for the coin
under test. If so, the coin  mean time separating Insertion of successive
coins is acceptable, otherwise it is not. The program then   50  into the
coin checking apparatus. proceeds to simultaneously to steps 812 and 825.
It should be noted with reference to Figure 4, Step 812 has already been
described.              that except when a power-up signal is produced by
the LS1, the outputs of the NOR gates 448,470 and Step 825:
506 are held at logical "O". This renders the cir- 



55  cuitry downstream of each gate inoperative, there- The LSI outputs the
result of the validity check  by reducing power consumption, and ensures
that carried out at step 824.                          any spurious signals
at the other inputs of these A very important feature of the described coin
NOR gates are ineffective. 14    27                 EP 0 304 535 B1
28 In the case of known coin checking apparatus    constitute an embodiment
of the first and second In which all the electronic circuitry is
permanently  aspects of the invention referred to above because energised,
the total current drawn would for exam-  it is continuously energised at
lower (Figure 10 (b) ple be as shown in the chain-dotted line. Clearly,
and higher (Figure 10 (c)) levels of power, but therefore, the described
apparatus significantly re-   5   which operates at a frequency
corresponding to duces the average power consumption and there-     that of
the HF1 and HF2 oscillators. It is em- fore lends itself particularly for
use in applications  phasised that Figures 10 (b) and (c), and also such as
pay-telephones. Also, the circuitry external  Figure 10 (d), are purely
diagrammatic and that to the LSI has been kept to a minimum, thereby
successive oscillations are shown well spaced out minimising cost and
increasing reliability.   10  for purposes of illustration. In these two
Figures, By way of example each upper or lower limit    the envelope of the
oscillating signal is denoted by value associated with each test (HF1, LF
or HF2)   dotted lines. The " + " and "-" denote the supply for each
recognised coin denomination is a 9 bit   power rails. As already explained
above, the LSI number which is stored in a PROM of the kind
continuously assesses the instantaneous oscillator which is organised with
4 bit data words. Therefore,  15  signal frequency by counting the number
of times to read out a 9 bit number from the PROM, it is    the oscillator
signal crosses the voltage threshold necessary to use three separate
addresses for the  [err] within a predetermined period of time. In Fig-
PROM. Therefore, in this example, for a coin valid-  ure 10(b) there is
shown the signal waveform for an ity checking apparatus capable of
recognising six  oscillator which is running at low power or idling. It
different coin denominations, the PROM could be   20   will be seen that
the peak signal level in the ab- energised for reading out the HF1 limit
values in 36  sence of a coin from the examination region is not successive
bursts, since each number requires      significantly greater than the
voltage threshold [err] three addresses and there are two limits (upper
so that during the time interval T the oscillator and lower) for each of
the six coin denominations.  signal is sufficiently attenuated that It is
unable to The PROM could be organised so that 1 micro-   25  cross the
threshold [err]. Therefore, during this time second is required for each
reading. Therefore the  interval the LSI is unable to continue functioning
to total time for which the PROM would need to be     accumulate a count
corresponding to the pulse energised to read out all the limit values for
the  frequency. For this reason, as indicated in Figure three different
tests would be 3 x 36 x I micro-   10(c), with known oscillators, the power
is set at a seconds equals 108 microseconds. By addressing   30
sufficiently high level such that even the most the PROM in this way, it
will be appreciated that  heavily attenuated magnitude of the oscillator
sig- the power consumed by the PROM on average is       nal exceeds the
threshold [err]. Because in rela- extremely small.
tively cheap, commercially available [err], the It should also be noted
that the circuitry allows  switching threshold of CMOS devices used in the
time periods [err] (Figure 9(b) and [err] (Figure 9(c)  35   LSIs is given
wide tolerance by manufacturers, the between in each case switching-on the
LF or HF2    oscillator power has to be sufficient to ensure that
oscillator and the time when the coin enters the   even the highest of CMOS
threshold voltages will examination region of the sensor LF or HF2. These
be exceeded even in the case of coins giving rise periods allow the LF and
HF2 oscillators adequate  to the greatest signal attenuation. With some os-
time to settle down to a constant idling frequency   40  cillator circuit
arrangements designed to satisfy this and amplitude after switch-on.
operating requirement, the power consumed when Reference will now be made
to Figure 10 for a   the oscillator circuit is idling can be unacceptably
fuller understanding  of the  significance  of     high for the kind of
applications referred to powering-up the HF1 oscillator. Figure 10(a) cor-
hereinabove. responds to Figure 9(a) and shows the variation in  45  Figure
10(d) clearly demonstrates how this dis- frequency with time of the HF1
oscillator. [err] is the  advantage is overcome with an oscillator which is
time at which the coin just starts to Interact with the  powered-up on coin
arrival in the examination re- oscillating magnetic field so as to cause
the fre-  gion. In this connection, it should be noted in quency to
increase and the signal amplitude to     particular with regard to Figure
10(b) that, even decrease. At time [err], the frequency signal reaches   50
with an oscillator running at low power, at time [err]- the HF1T threshold
and the HF1 oscillator is ac-   (coin arrival) the peaks of the oscillating
signal still cordingly powered-up, as described above. The      exceed the
voltage threshold [err] so that the LSI frequency signal reaches its
maximum value at      can detect the coin's arrival. The HF1 oscillator 



time [err] and then falls away again to pass below the  therefore is
designed to idle at low power in the HF1 T threshold. Eventually, at the
time [err], the HF1   55  absence of a coin. It will be seen that up to
time [err] oscillator is switched back to Its idling state.   only
relatively low power is required. At this time, Figures 10(b) and 10 (c)
show the output os-    the HFI oscillator is powered-up and this increases
cillating signal of an oscillator which does not itself  the oscillator
signal magnitude to ensure that even 15    29                EP 0 304 535
B1                    30 at time [err] it will exceed the threshold VTH. It
is  to the energy dissipating device 3 (Figure 1). To only necessary that
the HFIT oscillator be powered  largely compensate for this and thereby
reduce up for the time interval [err], but it is more conve-  measurement
scatter, both the HF1 and the LF nient to "power-down" the HFI oscillator
at the   sensors each comprise a pair of sensing coils same time as the HF2
and LF oscillators are   5   arranged one on each side of the coin track.
Refer- switched off, as otherwise two separate control    ring to the
Figure 11, the HF1 sensor comprises a signals would be required. For this
reason, in this  measuring coil HF1 M mounted in far wall 5 and embodiment
the HF1 oscillator remains powered-up   compensating coil HF1C mounted in
the rear wall until time [err].                                   6. In
this example, the measuring and compensat- Ideally, the threshold level
HFIT should be set  10  ing coils are connected in parallel. The relative
sufficiently low that it will be exceeded well before  inductances (L1,L2)
of the two coils Is such that the coin is in a position of maximum
interaction  their effective impedance is dependent mainly on with the
magnetic field. This allows the maximum   the inductance L1 of the
measuring coil HF1M so period of time [err] for transients to die away
before  that the measuring coil serves predominantly to the peak
attenuation is reached. It should be noted,  15  sense the
interactionbetween the oscillating mag- by way of example, that [err] Is in
the order of a few  netic field set up between the two coils HF1 M,
milliseconds and that the HF1 oscillation frequency  HF1C and the coin 7.
Therefore, the inductance of is of the order of 1000 cycles/lms so that
succes-  the HF1 M coil is substantially less than that of the sive cycles
are in fact very much more closely     HF1C coil. However, it has been
found that the bunched than indicated in Figures 10(b) to (d).  20  effect
of the compensating coil is that it provides However, the manner shown of
depicting the HF1     good compensation against the effect of variations
oscillating signal has been adopted for facilitating  in coin flight path
on the output oscillating signal an understanding of these Figures.
from the HF1 oscillator 300. However, as compared Thus, in effect, the HF1
oscillator in Its standby  with known arrangements in which the inductances
mode is capable merely of detecting arrival of any   25  of the two coils
are equal, the measurement sen- coin in the examination region, but it has
to be   sitivity is significantly higher while still being highly
powered-up to enable a sufficient oscillator am-   dependent on coin
thickness, with only slightly less plitude to be maintained at peak
attenuation in    favourable measurement scatter, so that the overall order
that a quantitative evaluation of the peak   accuracy, which is largely
dependent upon the ratio frequency can be made to determine whether the
30  of sensitivity to scatter, is improved. In fact by coin is acceptable.
appropriate selection of the inductance values of It is pointed out that
the use of a sensing    the two coils, the overall accuracy can be maxi-
arrangement at a single location to both detect coin  mized. The selection
depends on factors such as arrival and also perform a test on the coin is
the length of coin track available before the sensor particularly
advantageous as it avoids using an   35  arrangement, the angle at which
the coin track arrival sensor for sensing coin arrival and a sepa-
side-walls are canted away from the vertical, and rate measuring sensor
brought into operation by   the effectiveness of any energy dissipating
device the arrival sensor. Also, because the HF1 oscillator  at the top of
coin track in changing the travelling is now powered-up until the coin has
arrived in the  direction of the coins with the minimum of coin examination
region of the HFI sensor, this helps to  40  bounce. To give typical
examples, for very small reduce the duration for which the HF1 oscillator
is  components of lateral motion of the coins, the ratio powered-up and
thereby "minimise" the mean      of the inductances or capacitances of the
sensing power consumption of the coin validity checking    coils for
maximum measurement accuracy might apparatus.
be typically as low as about 10%. When the side- It has already been
remarked in connection   45  to-side motion is more significant, it might
be nec- with Figures 1 and 2 that the canted arrangement   essary to select
the ratio at a value as high as of the coin track 4 is designed to ensure
as far as  about 90%. possible that the coin remains in facial contact with
In an alternative arrangement in which the two the rear wall 6 by the time
it rolls past the HF1, LF  coils are connected in series, the measuring
coil and HF2 sensors as otherwise side-to-side motion   50  would then have
to have an inductance which is of the coin could produce inaccuracies in
the HF1,  significantly greater than that of the compensating LF and HF2
peak values which might result in an    coil, in order that the effective
impedance of the 



otherwise acceptable coin being rejected or a false  two coils should be
determined predominantiy by coin being erroneously accepted. Despite the
use  the inductance of the measuring coil. of the canted coin track, in
practice it is found that  55  Similar considerations apply in the case of
the there are very slight variations in coin flight path  LF sensor, except
that there the LF measuring coil past the sensors, particularly if, because
of space  suitably is mounted in the rear wall 6 and the limitations, the
various sensors are positioned close  compensating coil in the front wall.
The HF2 sensor 16    31                EP 0 304 535 B1
32 is deliberately constructed from a single sensing   LF idling frequency
in the specified range, it is coil, so as to avoid substantially any
thickness    possible to distinguish more reliably between sev- effect. In
any case, by the time the coin reaches   eral different coin materials. the
single HF2 coil, any variations in coil flight path  The LF sensor does not
necessarily have to and their effect can be ignored.               5
consist of two sensing coils. It could, for example, Reference will now be
made to Figure 12 for     comprise a single sensing coil and this has the
an appreciation of the significance of selecting the  advantage that the LF
test would then be substan- LF idle frequency as mentioned hereinabove.
tially independent of coin thickness. On the other In Figure 12, there are
shown three coins of    hand, there would also be no compensation for
identical size (diameter D) and thickness (to) which   10  variations in
coin flight path. are in each case subjected from both sides by the
Finally, it is remarked that the advantages aris- two coils of an inductive
sensor arrangement to an  ing from the use of the specific frequency range
oscillating electromagnetic field H of frequency [err],  given above for
the LF sensor necessitate the use which, as mentioned above, lies in the
range with   of an inductive sensing arrangement, but so far as upper and
lower limits of substantially 80 kHz and   is  the advantages of
powering-up on coin arrival and 200 [err]. The frequency fo is preferably
about 120   compensating for coin flight path variations by kHz and the LF
coils are so arranged and oriented   adopting out-of-balance sensors, are
concerned in- that the magnetic field is directed into the coin  stead of
inductive sensors, there may be employed substantially at right angles to
the faces of the coin  capacitive sensors. as it passes through the
examination region.   20     Various modifications to the coin validator
de- Referring to Figure 12(a), the first coin consists  scribed above are
possible. Thus, for example, the of a core made of a metal X provided with
a         LF sensor could be a one-sided soil which would cladding of a
different metal Y. The conductivity   be responsive primarily to coin
material. With suit- and magnetic permeability of the metals X and Y
able design of the geometry of the flight deck of are such that a magnetic
field will more readily  25  the validator, the effects of any wobble in
the coin penetrate metal Y than metal X. The second coin    flight along
the coin track past the LF sensor are (Figure 10(b) is a clad coin having
an identical    minimal. cladding thickness to that of the first coin but
in    With certain circuit arrangements for the HF1 this case the core
consists of metal Y and the      oscillator, the power consumption can be
regarded cladding of metal X. In the third coin, however,  30  as
negligible, in which case no switched supply is (Figure 10(c)), the coin is
homogeneous through-   required for the HF1 oscillator, Instead, as indi-
out, consisting of the single metal X               cated In Figure 13
where the same reference nu- The frequency [err] Is selected so that the
skin   merals as used in Figure 3 denote the same or depth within each of
the three coins is below the   corresponding parts which need not be
further de- depth of any cladding on the coin but is not as   35  scribed,
the HF1 oscillator 300 is supplied from the deep as the centre plane P of
the coins. In the     positive terminal of the power source 304 and case of
the first coin, the "skin depth" in the coin is continuously draws current
from the power source denoted by  [err]. For the second coin, however, the
which passes to earth through a resistive element skin depth [err] is
greater than [err] because the      306. magnetic field can penetrate metal
Y more readily  40  Another modification is incorporated into the than
metal X For this reason, in the case of the    circuit of Figure 13. In the
Figure 3 embodiment third coin, the skin depth [err] is the smallest.
the power consumption of the LSI, which is small, It will be appreciated
that three different levels  is taken to be negligible and the LSI is
permanently of peak attenuation in the LF processing circuitry  energised.
However, in some circumstances it may will exist in respect of the three
differently con-   45  be desirable to reduce overall power consumption
stituted coins shown in Figure 12. If a significantly  further and this can
be achieved by the switched lower frequency were to be used such that the
supply arrangement adopted in the circuit of Figure magnetic field would
penetrate to a significant ex-  13. tent through all parts of the coin, and
because of     As shown, a branch connection 1005 leading the "averaging"
effect produced, it may be Impos-  50  from supply line 400 feeds a voltage
reducing sible to distinguish satisfactorily between the first  device 1000
whose output is connected via. line 



and second coins. If on the other hand the fre-     1006 to the power
supply input of the LSI 316. A quency were to be very high such that owing
to the  normally open electronic switch 1001 is connected skin effect" the
magnetic field were not to be able  in parallel with the voltage reducing
device 1000. to penetrate to any significant extent below the   55  The
switch 1001 has a control input which Is con- thickness of the coin
cladding, then it would not be  nected to line 317 to receive the power-up
signal possible to distinguish between the second and      when generated
by the LSI, thereby causing the third coins. However, with appropriate
choice of the  switch to close. 17    33                 EP 0 304 535 B1
34 The voltage reducing device 1000 in its sim-        sensor means for
checking, said sensor means plest form comprises a high impedance resistive
(HF1, 300) producing an information signal in element. Before a coin
arrives, the switch 1001 is     response to said interaction, characterised
in open and a proportion of the positive potential of     that the sensor
means comprises a single sen- the power source 304, determined by the high
5       sor (HF1, 300) operable both in a coin arrival internal resistance
of the LSI, is applied to the LSI.  sensing mode and in coin checking mode,
and The power supplied to the LS1in this way is          in that the
apparatus further comprises means sufficient to enable it to detect coin
arrival.        for applying electrical power to said sensor at When the
power-up signal is generated on the        a low level so as to operate the
sensor In said line 317 following coin arrival, it causes the elec-  to
coin arrival sensing mode, said low level being tronic switch 1001 to close
so as, effectively, to     sufficient for said information signal (502) to
be short-circuit the voltage reduction device 1000 and    produced to a
detectable degree during an thereby cause the positive potential of power
initial period of said interaction, and control source 304 to be applied
directly to the supply        means (316) for detecting the occurrence of
input of the LSI 316 which then operates at full  15   said information
signal as an indicator of arrival power to carry out the coin validity
checks.           of a coin at said sensor and in response in- It is to be
noted that the dynamic current          creasing the power applied to said
sensor so consumption of a CMOS LSI is proportional to the       as to
operate the sensor in said coin checking square of the potential drop
across it so that the     mode. total power consumed by the LSI, except
during   20 the interval during which the power-up signal is   2. Apparatus
as claimed in claim  1, including present on line 317, is significantly
reduced.         electrical circuit sections (LF, 302; HF2, 301; The
voltage applied to the LSI prior to coin        315) which are adapted to
be individually arrival needs to be sufficiently above the minimum
powered-up for checking the validity of coins, required for the LS1 to
function properly in carrying   25  and said control means (316) being
arranged out Its program but at a level chosen with a view to   to
power-up, in response to detecting coin minimising the power consumption
within the LSI.       arrival, each of said circuit sections through In
addition, depending upon the particular circuitry   periods when Its
operation is required for a provided within the associated equipment (eg.
coin checking operation, but not through other vending machine or pay
telephone) to which the   30    periods. validator is to be connected, a
minimum supply voltage Is required for the LSI in order that it can  3.
Apparatus as claimed in claim 2, comprising a function properly to output
logical signals to the     memory circuit section (315) which contains
circuitry within the associated equipment The val-     reference values
associated with acceptable ue of [err] is carefully chosen in order that
the   35  coins and the control means (316) is adapted above criteria can
be satisfied simultaneously.        to power-up the memory section through
However, the internal resistance of the LSI can vary   periods when access
to its contents is required according to its operating state and this will
cause   but not through other periods. the voltage applied to the LSI to
vary too. To prevent such voltage variation, the voltage reduc-  40  4.
Apparatus as claimed in claim 2 or claim 3, tion device 1000 can, as shown
in Figure 14, take      wherein the control means (316) is adapted to the
form of a voltage divider, comprising resistive    respond to detection of
coin arrival by increas- elements 1002, 1003, and a unity gain amplifier
ing the power applied to itself during a coin 1004 whose input is connected
to the tapping point     checking operation. of the voltage divider and
whose output feeds the   45 supply Input of the LSI. In this way, the
supply   5. Apparatus as claimed in any preceding claim, voltage to the LSI
is kept equal to the same propor-   wherein said sensor (HF1, 300) is one
of a tion of the power source voltage as the resistance     plurality of
sensors each adapted to interact of resistive element 1003 bears to the
total series    with the coin to produce an information signal resistance
of elements 1002 and 1003, irrespective   so  dependent on a characteristic
of the coin, the 



of any variations in [err].                             plurality of
sensors (LF,302; HF2,301) with the exception of said sensor normally not
being Claims                                                 powered,
wherein said control means (316) powers up all said sensor means in
response 1. Apparatus for checking the validity of coins,  55   to the
sensing of coin arrival. comprising electrically operated sensor means
(HF1, 300) for interacting with a coin (7) which  6. Apparatus according to
claim 1, comprising travels along a coin path (4) and arrives at said
means (316) for determining whether the in- 18    33                 EP 0
304 535 B1                    34 The voltage reducing device 1000 in its
sim-        sensor means for checking, said sensor means plest form
comprises a high impedance resistive        (HF1, 300) producing an
information signal in element. Before a coin arrives, the switch 1001 is
response to said interaction, characterised In open and a proportion of the
positive potential of     that the sensor means comprises a single sen- the
power source 304, determined by the high    5      sor (HF1, 300) operable
both in a coin arrival internal resistance of the LSI, Is applied to the
LSI.  sensing mode and in coin checking mode, and The power supplied to the
LSI in this way is           in that the apparatus further comprises means
sufficient to enable it to detect coin arrival.        for applying
electrical power to said sensor at When the power-up signal is generated on
the        a low level so as to operate the sensor In said line 317
following coin arrival, it causes the elec-   10  coin arrival sensing
mode, said low level being tronic switch 1001 to close so as, effectively,
to     sufficient for said information signal (502) to be short-circuit the
voltage reduction device 1000 and    produced to a detectable degree during
an thereby cause the positive potential of power          initial period of
said interaction, and control source 304 to be applied directly to the
supply        means (316) for detecting the occurrence of input of the LSI
316 which then operates at full  15   said information signal as an
indicator of arrival power to carry out the coin validity checks.
of a coin at said sensor and in response in- It is to be noted that the
dynamic current           creasing the power applied to said sensor so
consumption of a CMOS LSI is proportional to the       as to operate the
sensor in said coin checking square of the potential drop across it so that
the     mode. total power consumed by the LSI, except during   20 the
interval during which the power-up signal is    2. Apparatus as claimed in
claim  1, including present on line 317, is significantly reduced.
electrical circuit sections (LF, 302; HF2, 301; The voltage applied to the
LSI prior to coin        315) which are adapted to be individually arrival
needs to be sufficiently above the minimum     powered-up for checking the
validity of coins, required for the LSI to function properly in carrying
25  and said control means (316) being arranged out Its program but at a
level chosen with a view to   to power-up, in response to detecting coin
minimising the power consumption within the LSI.       arrival, each of
said circuit sections through In addition, depending upon the particular
circuitry   periods when its operation is required for a provided within
the associated equipment (eg.          coin checking operation, but not
through other vending machine or pay telephone) to which the   30
periods. validator is to be connected, a minimum supply voltage is required
for the LSI in order that it can  3. Apparatus as claimed in claim 2,
comprising a function properly to output logical signals to the     memory
circuit section (315) which contains circuitry within the associated
equipment. The val-    reference values associated with acceptable ue of
[err] is carefully chosen In order that the   35  coins and the control
means (316) is adapted above criteria can be satisfied simultaneously.
to power-up the memory section through However, the internal resistance of
the LSI can vary   periods when access to Its contents Is required
according to its operating state and this will cause   but not through
other periods. the voltage applied to the LSI to vary too. To prevent such
voltage variation, the voltage reduc-   40  4. Apparatus as claimed in
claim 2 or claim 3, tion device 1000 can, as shown in Figure 14, take
wherein the control means (316) is adapted to the form of a voltage
divider, comprising resistive    respond to detection of coin arrival by
increas- elements 1002, 1003, and a unity gain amplifier        ing the
power applied to itself during a coin 1004 whose input is connected to the
tapping point     checking operation. of the voltage divider and whose
output feeds the   45 supply Input of the LSI. In this way, the supply
5. Apparatus as claimed In any preceding claim, voltage to the LSI is kept
equal to the same propor-   wherein said sensor (HF1, 300) is one of a tion
of the power source voltage as the resistance     plurality of sensors each
adapted to interact of resistive element 1003 bears to the total series
with the coin to produce an information signal 



resistance of elements 1002 and 1003, irrespective   so  dependent on a
characteristic of the coin, the of any variations in [err].
plurality of sensors (LF,302; HF2,301) with the exception of said sensor
normally not being Claims
powered, wherein said control means (316) powers up all said sensor means
in response 1. Apparatus for checking the validity of coins,  55   to the
sensing of coin arrival. comprising electrically operated sensor means
(HF1, 300) for interacting with a coin (7) which  6. Apparatus according to
claim 1, comprising travels along a coin path (4) and arrives at said
means (316) for determining whether the in- 18    35                EP 0
304 535 B1                     36 formation signal from said sensor (HF1,
300) in    capacitance values of the sensing devices be- the coin checking
mode is indicative of an         ing selected at different values so as to
in- acceptable coin, wherein said determining          crease the ratio of
measurement sensitivity to means (316) requires said information signal to
scatter. maintain at least a predetermined amplitude,   5 wherein said
information signal decreases in   11. Apparatus as claimed in claim 10,
wherein the amplitude in response to said sensor (HF1,         sensing
devices are inductances connected to- 300) interacting with a coin, wherein
at said      gether in series, the measuring inductance low power level the
decreased amplitude of         having the larger Inductance value. this
information signal would be less than said  10 predetermined amplitude and
wherein said       12. Apparatus as claimed in claim 10, wherein the sensor
is powered-up such that the decreased       sensing devices are inductances
connected to- amplitude of said information signal remains       gether in
parallel wherein the measuring induc- above the predetermined amplitude.
tance has the smaller value. 15 7. Apparatus as claimed in any preceding
claim,    13 Apparatus as claimed in any one of claims 5, 8 comprising a
common coin path for all coins to     or 9 to 12, wherein said sensor (HF1,
300) or be inserted in the apparatus.                      another of said
plurality of sensors for Interact- ing with a coin is an inductive sensor
arranged 8. Apparatus as claimed in claim 5 when depen-   20    to subject
a coin in the examination region to dent on claim 3, comprising means
(315,316)        an oscillating electromagnetic field, and includ- which
includes said memory section (315) con-      ing  circuit means arranged to
determine training reference values associated with ac-        whether the
degree of interaction between the ceptable coins, said means (315,316)
being     .   field and the coin is indicative of an acceptable operative
to compare said information signals  25  coin, the field being oriented so
as to penetrate with said reference values to determine wheth-     the coin
in a direction substantially normal to er or not a coin being checked is an
accept-       Its faces and the frequency of the oscillating able coin,
said memory section (315) being         field being such that in the
presence of an programmable with any desired set of refer-
acceptable coin which has a surface cladding ence values corresponding with
any desired   30    the skin depth of the field within the coin Is set of
coins to be found acceptable.               below the depth of the surface
cladding but not as deep as the central plane of the coin. 9. Apparatus as
claimed in claim 8, wherein said memory is non-volatile programmable read-
14. Apparatus as claimed in claim 13, wherein said only memory.
35       frequency is between 80 and 200 kHz. 10. Apparatus as claimed in
any one of claims 5, 8.  15. Apparatus as claimed in claim 14, wherein said
or 9, wherein said sensor (HF1, 300) or another    frequency is
approximately 120 kHz. of said plurality of sensors for interacting with a
coin comprises a pair of inductive or capaci-  40  16. Apparatus as claimed
in any one of claims 5, 8 tive sensing devices which generate a field
or 9, wherein at least one of said information and which are mounted
generally opposite,          signals is provided in the form of an
oscillating and spaced away from, one another on op-          signal and
converted to a d.c. signal, wherein posite sides, respectively, of the coin
path (4)  the conversion is effected by a rectifying cir- which is so
arranged that a coin travelling   45   cuit (313) which comprises first and
second along the path will remain substantially in a      circuit networks
(445,446), means (440 to 443) predetermined lateral positional relationship
to present the positive and negative half-cycles relative to the sensing
devices as it passes       of the oscillating signal alternatively to the
two between them the sensing devices being con-        networks, a
smoothing device in each network 



nected in circuit with a processing circuit (316)  50  to convert the
respective half-wave signal into such that one of them is a measuring
device        a d.c. signal, and means (447) to combine the which serves
predominantly for detecting one       d.c. signals from the two networks so
as to or more characteristics of the coin dependent      produce an output
signal whose magnitude is upon the degree of interaction between the
equal to the sum of the moduli of the two d.c. field and the coin while the
other one is a   55   signals. compensating device which serves predomi-
nantly to reduce measurement scatter due to    17. Apparatus as claimed In
claim 2, comprising at variations in coin flight path, the inductance or
least two means for interacting with a coin on 19    37                EP 0
304 535 B1                   38 the coin path to provide each an
information      reponse a la d6tection d'une arrivee de piece signal, one
of said interacting means being       de monnaie, une alimentation en
courant de said sensor (HF1, 300) and providing its in-      chacune
desdites sections de circuit pendant formation signal In response to at
least the     des periodes ot) son fonctionnement est ne- great majority of
coin types, means (316) or   5  cessaire pour une operation de verification
de determining whether the Information signals       pieces de monnaie mais
non pendant d'autres are indicative of an acceptable coin, and said
periodes. control means (316) being operable by the occurrence of the
information signal from said  3. Dispositif tel quo revendiqu6 dans la
revendi- sensor to initiate said powering-up of the cir-  lo  cation 2,
comprenant une section de circuit cult sections, the control means (316)
being      formant memoire (315), qui contient des va- adapted to so
operate Irrespective of whether     leurs de r6fdrence assoclees a des
pibces de or not the information signal from said sensor    monnale
acceptables et lo moyen de comman- (HF1-i, 300) is indicative of an
acceptable coin,  do (316) est adapte pour alimenter en courant whereby
said powering-up occurs substantially  i5  la section formant m6moire
pendant des p~rlo- every time a coin passes along the coin path.     des ou
un acces a son contenu est n~cessalre mais non pendant d'autres pdriodes.
Revendicatfons 4. Dispositif tel quo revendique dans la revendi- 1.
Dispositif de vdrification de la vaiidit6 de pia-  20  cation 2 ou la
revendication 3, dans lequel le ces de monnaie, comprenant un moyen detec-
moyen de commande (318) est adapte pour tour (HF1, 300) actionn6
electriquement pour      repondre & une detection d'arrivde de piece de
operer une Interaction avec une piace de mon-     monnale en augmentant la
puissance qui lul nale (7) qui se deplace le long d'un passage      est
appliqude pendant une opdration de verlfi- (4) de pieces de monnale et qui.
arrive devant  2B  cation de piece de monnale. ledit moyen detecteur pour
une verification le- dit moyen detecteur (HF1, 300) produisant un  5.
Dispositif tel quo revendique dans une quel- signal d'information en
reponse & ladite inte-    conque des revendications precddentes, dans
raction, dispositif caracterise en ce que le      lequel ledit detecteur
(HF1, 300) est P'un d'un moyen d6tecteur comprend un soul detecteur  30
ensemble de detectours qui sont chacun adap- (H-F, 300) pouvant op6rer a la
fois dans un       tes pour exercer une interaction avec la pibce mode de
detection d'arriv6e de piace de mon-      de monnale afin de produire un
signal d'infor- naie et dans un mode de veriflcation de piece     mation
d6pendant d'une caractdrlstique de la de monnais et en ce que le dispositif
corn-       plece de monnale, I'enserrible de detecteurs prend en outre un
moyen pour appliquer du   35    (LF, 302 ; HF2, 301), a l'exception du
dMtec- courant electrique audit d~tecteur & un niveau    tour pr~cit6,
n'etant normalement pas alimen- bas de fagon a faire fonctionner le
d~tecteur     tds en courant, ledit moyen de commando dans ledit mode de
detection d'arriv~e de pie-    (316) augmentant la puissance, de tous los
co de monnale, ledit niveau bas etant suffisant   detocteurs pr6cites en
reponse & la d6tection pour quo ledit signal d'information (502) soit  40
d'arriv6e de piece de monnale. prodult a un degre detectable pendant une
periode initlale de ladite interaction, et un  6. Dispositif selon la
revendication 1, comprenant moyen de commando (316) pour detecter lap-
un moyen (316) pour determiner silo signal parition dudit signal
d'information comme un      d'information provenant dudit detecteur (HF1,
indicateur d'arrivee d'une piece de monnale  46   300) dans le mode de
vdrification de pikce de dans ledit dbtecteur et pour effectuer en r6-
monnaie est indicateur d'une pibce de mon- ponso uno augmentation du
courant applique        naie acceptable, dispositif dans lequel ledit audit
d6tecteur afin de faire fonctionner co      moyen de determination (316)
n6cessite que 



detecteur dens ledit mode de verification de      ledit signal
d'information maintienne au moins pibce de monnaie.
50      une amplitude predetermin~e, dans lequel ledit signal d'information
diminue en amplitude en 2. Dispositif tel quo rovendique dans la revendi-
reponse a l'interaction dudit dstecteur (HF1, cation 1, comprenant des
sections de circuit      300) avec une plice de monnale, dans lequel,
6lectrique (IF. 302 ; HF2, 301 ; 315) qui sont    pour ledit faible niveau
de puissance, Iamplitu- adaptdes pour Gtre aliment~es individuellement  5S
de reduite de co signal d'information serait en courant pour une
verification de la validit6   inferieure & ladite amplitude predeterminee,
et de pieces de monnaie et ledit moyen de com-       dans lequel ledit
detecteur east augmentd en mande (316) etant agence pour produire, en
puissance de tells sorte que l'amplitude redul- 20    39                EP
0 304 535 B1                   40 te dudit signal d'information reste
au-dessus     leurs difflrentes de maniere a augmenter la de l'amplitude
pr6determinee.                     taux de sonsibilite des mesures a une
disper- sion. 7. Dispositif tel que revendique dans une quel- conque des
revendications precddentes, corn-   6   11. Dispostitf tel que revendique
dans ia revendl- prenant un passage commun pour toutes les         cation
10, dans lequel les dispositifs de d6tec- pieces de monnale a ins6rer dans
le dispositif.  tVon sont des inductances connectees ensem- ble en surie,
I'lnductance de mesure ayant la 8  Dispositif tel que revendiqui dans la
revendi-     plus grande valeur d'inductance. cation 5, lorsqu'elle est
d~pendante de. Ia re-  l0 vendicatlon 3, comprenant des moyens (315,
12. Dispositif tel que revendique dans la revendl- 316) qui comprennent
ladite section de m6-        cation 10, dans lequel le8 disposltifs de
d~tec- moire (315) contenant des valeurs de rnf~ren-     tion sont des
Inductances connect~es ensem- ce associses A des pieces de monnale accep-
ble en parallele, I'inductance de mesure ayant tables, lesdits moyens (315,
316) operant de   75  la plus petite valeur. fagon A comparer lesdits
signaux d'information avec lesdites valours de r6ference pour d6ter-  13.
Dispositif tel quo revendiqu6 dans une quel- miner si une pikce de monnale
en train d'Stre     conque des revendications 5, 8 ou 9 a 12, verifiee est
ou non une plice de monnale          dans loquel ledit d6tecteur (HF1, 300)
ou un acceptable, ladite section de memoire (315)  20   autre d~tecteur
dudit ensemble exergant une 6tant programmable avec toute serie d6sirde
interaction avec une piece de monnale est un de valeurs de reference
correspondant a toute      d6tecteur inductif agence pour soumettre une
sdrie deslr~e de pieces de monnale a trouver       piece de monnale se
trouvant dans la zone acceptables.
d'examen a un champ ilectromagndtique os- Z6      cillant, et comprenant
des moyens de circuit 9. Dispositif tel quo revendlque dans la revendi-
agenc6es pour determiner si le degrd d'intsrac- cation 8, dans loquel
ladite m~moire est une      tlon entre le champ et la pibce de monnale est
memoire morte programmable et r~manente.          Indicateur d'uns place de
monnale acceptable, le champ 6tant orient4 de fagon A penetrer 10.
Dispositif tel quo revendique dans une quel-  9o  dans la piece de monnale
dans une direction conque des revendications 5, 8 ou 9, dans
sensiblement normale a ses faces et la fr6- loquel ledit detecteur (HF1,
300) ou un autre     quence du champ oscillant 6tant telle que, en
detecteur dudit ensemble exergant une inte-       la presence d'une pibce
de monnale accepta- raction avec une piece de monnale comprend        ble
qui comporte un rev~tement superficdel, la une paire de dispositifs de
detectfon inductifs  35  profondeur de peau du champ a l'int6rleur de ou
capacitifs qui produisent un champ et qui      la pibce de monnale solt
inferieure a la profon- sont mont~s geriralement dans des positions
dour du revtement superficlel mais n'afteigne mutuellement oppos6es et
espac6es l'uno de        pas la profondeur du plan central de la piece
l'autre sur des c6t~s opposes, respectivement,    de monnaie. du passage
(4) de pibces de monnaie qui est  40 agenc6 de telle sorte qu'une plice se
depla-   14. Dispositif tel quo revendiqu6 dans la revendi- gant le long du
passage reste sensiblement        cation 13, dans lequel ladite frnquence
est dans une relation de positionnement lateral       comprise entre 80 et
200 kHz. pr~ddtermin~e par rapport aux dispositIfs de detection quand elle
passe entre eux, les dis-  45  15. Dispositif tel que revendlque dans la
revendi- positifs de detection etant connectds dlectrl-    cation 14, dans
lequel ladite frdquence est quement avec un circuit de traitement (316) de
approximativement de 120 kHz. 



tells sorte que l'un d'eux salt un dispositif de mesure qui sert en
predominance A detecter     16. Dispositif tel que revendique dans une
quel- une ou plusieurs caractlristiques de la pikce   50  conque des
revendications 5, 8 ou 9, dans de monnaie dependant du degre d'interaction
loquel au moins un desdits signaux d'informa- entre le champ et la pibce de
monnale tandis      tion est produit sous la forme d'un signal oscil- que
I'autre est un dispositif de compensation      lant et est converti en un
signal de courant qui sort en predominance & r6duire la disper-
continu, dispositif dans lequel la conversion est slon des mesures sous
l'effet de variations  66   effectu6e par un circuit redresseur (313) qui
dans la trajectoire de la piAce de monnaie, les   comprend un premier et un
second reseau valeurs d'Inductances ou de capacitds des dis-    (445, 446),
des moyens (440 a 443) pour appli- positlts de detectlon etant choisies &
des va-    quer les demi-cycles positift et ndgatifs du 21    41
EP 0 304 535 B1                    42 signal oscillant altemativement aux
deux re-      erzeugt wird, und eine Steuereinrichtung (318), seaux, un
dispositif d'uniformlsation prevu       welche das Auftreten des
informationssignais dans chaque rdseau pour convertire la demi-       als
Anzeige der Ankunft einer MUnze an dem onde respective de signal en un
signal de         Sensor erfaMt und In Reaktion darauf die an courant
continu et un moyen (447) pour combi-   5  den Sensor angelegte Leistung
erhoht, um den ner les signaux de courant continu provenaant     Sensor in
dem M nz-Prafmodus zu betreiben. des deux r~seaux afin de produire un
signal de sortie dont la grandeur est egale a la somme   2. Vorrichtung
nach Anspruch 1 mit elektrischen des modules des deux signaux de courant
Schaltungsabschnitten (LF, 302; HF2, 301; continu.
10      316), die dazu eingerichtet sind, zur PrUfung der Mtinzen einzeln
angesteuert zu werden, 17. Dispositif tel que revendiqu6 dans la revendi-
wobel die Steuereinrichtung (316) so angeord- cation 2, comprenant au moins
deux moyens          net ist, dafi sle In Reakllon auf das Erfassen pour
exercer une interaction avec une piece de    der MOnzankunft jeden der
Schaltungsab- monnale so d6plagant sur le passage pour  16      schnitte in
Zeitabschnitten ansteuert, in denan produire chacun un signal
d'information, un       ihr Betrieb flr elnen MUnz-PrUfbetrieb erforder-
desdits moyans d'interaction etant ledit d6tec-   lich ist, aber nicht In
anderen Zeitabschnitten. tour (HF1, 300) et produisant son signal d'in-
formation en reponse a au moins la grande      3. Vorrichtung nach Anspruch
2 mit einem Spei- majorite des types de pibces de monnale, un   20
cherschaltungsabschnitt (315), der Referenz- moyen (316) pour d~tarminer si
les signaux        werte enthalt, die annehmbaren M~nzen zuge-
d'information sont indicateurs d'une pibco de     ordnet sind, wobei die
Steuereinrichtung (316) monnaie acceptable, ledit moyen de comman-
dazu eingerichtet ist, den Spelcherabschnitt in de (316) pouvant etre
actionnd par l'apparitfon    Zeitabschnitten anzusteuem, in denen der du
signal d'information provenant dudit detec-  25  Zugriff auf seinen Inhalt
erforderlich Ist. aber tour afin d'enclencher ladite augmentation de
nicht in anderen Zeitabschnitten. puissance des sections de circult, le
moyen de commande (316) etant adapte pour operer In-    4. Vorrichtung nach
Anspruch 2 oder 3, wobel die dependamment de ce que le signal dnforma-
Steuereinrichtung (316) dazu eingerichtet ist, tion provenant du d~tecteur
(HF1, 300) soit  so   auf die Erfassung der M~nzankunft so anzu- Indicateur
ou non d'une piece de monnale          sprechen, daB die an sie selbst
angelegte Lei' acceptable, de sorte que ladite augmentation      stung
w~hrend eines MUnz-PrUfbetriebs erh6ht de puissance so produit sensiblement
a cha-       ist. qua fols qu'une piace de monnale so d~place le long du
passage de pieces de monnale.  36  5. Vorrichtung nach einem vorangehenden
An- spruch, wobel der Sensor (HF1, 300) elner aus Patentanspr~iche
einer Vleizahl von Sensoren ist, die jewells dazu eingerichtet sind, mit
der MUnze derart 1. Vorrichtung zur PrUfung von MOnzen mit finer
zusammenzuwirken, daB sie ein von einem elektrisch betriebenen
Sensorelnrichtung (HF1,  40  Merkmal der MUnze abhfingiges Informations-
300), die mit einer MUnze (7) zusammenwirkt,      signal erzeugen, wobei
die Vielzahl von Senso- welche sich langs eines MUnzweges (4) be-
ren (LF. 302; HF2. 301) mit Ausnahme des wegt und die Sensoreinrichtung zur
PrUfung         Sensors in der Regal nicht angesteuert sind, errelcht,
wobel die Sensoreinrichtung (1-i,        wobel die Steuerelnrichtung (316)
alle Sensor- 300) in Reaklion auf das Zusammenwirken ein  4S
elnrichtungen In Reaktion auf die Messung der Informatlonssignal erzeugt,
dadurch gakenn-       Mlinzankunft ansteuert. 



zeichnet, daB die Sensoreinrichtung eanen ein- zolnen Sensor (HF1, 300)
aufwaist, der sowohl  6. Vorrichtung nach Anspruch I mit einer Einrich- in
einem Mtnzankunft-Melmodus als auch in         tung (316) zum Bestimmen, ob
das Informa- elnem MUnz-Prtfmodus betriebsfthlg ist, und   50  tionssignal
von dem Sensor (HF1, 300) In dem daA die Vorrichtung ferner aufweist eine
Ein-      MUnz-PrUfmodus eine annehmbare MUnze an- richtung zum Anlegen von
elektrischer Lei-        zeigt, wobei die Bestimmungseinrichtung (316)
stung an den Sensor auf elnem nledrigen Pa-       verlangt. daBl das
Informaflonssignal wenig- gel, urn den Sensor in dem Mfnzankunft-MeA-
stens alne vorbestimmte Amplitude einhilt, modus zu betrelben, wobel der
niedrige Pegel  65  wobei das Informationssignal in Reaktion auf dazu
ausreicht, dal das Informationssignal        den mit einer Miinze
zusammenwirkenden (502). wihrend einer anfanglichen Dauer des        Sensor
(HF1, 300) in der AmplItude abnimmt, Zusammenwirkens in einem erfaBbaren
Grad          wobei die verringerte Amplitude dieses Infor- 22    43
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Leistungspe-   11. Vorrichtung nach Anspruch 10, wobei die MeR3- gel
klelner ist ale die vorbestimmte Amplitude     einrichtungen Induktlvtaten
sind, die In Serie und wobel der Sensor so angesteuert wird, dae
zusammengeschaltet sind, wobsi die Mefln- die verringerte Amplitude des
Informationssi-      duktivitat den gr6lleren Induktivititswert hat. gnals
oberhalb der vorbestimmten Amplitude   5 bleibt.
12. Vorrichtung nach Anspruch 10, wobei die MeoO- einrichtungen parallel
zusammengeschaltete 7. Vorrichtung nach elnem vorangehenden An-
Inducltivittten sind, wobel die MelinducttivIt~t spruch mit elnem
gemeinsamen MUnzweg far           den kleineren Wert hat. alle in die
Vorrichtung eingof0hrten MUnzen.  10 13. Vorrichtung nach einem der
AnsprUche 5, 8 8. Vorr(chtung nach Anspruch 5 bet Abhangigkeit        oder
9 bis 12, wobei der Sensor (HF1, 300) von Anspruch 3 mit einer Einrlchtung
(315,         oder ein anderer aus der Vlelzahl von Senso- 316), die den
Speicherabschnitt (315) aufweist,    ren zurn Zusammenwirken mit einer
MUnze ein der den annehmbaren MUnzen zugeordnete  15         induktiver
Sensor Ist, der so angeordnet ist, Referenzwerte enthalt, wobel die
Einrichtung       dafl er sine MUnze in dem Prlfbereich elnem (315, 316)
betriebsbereit ist, urn die Informa-    oszilierenden etektromagnetischen
Fold unter- tionssignale mit den Referenzwerten zu ver-        wirft, und
esne Schaktungseinrichtung aufwelst, gleichen, urn zu bestimmen, ob oder
nicht eine     die so angeordnet Ist, daB sle bestimmt, ob zu prUfende
MUnze eine annehmbare MUnze  2o        der Grad der Wechselwirkung zwischen
dem ist, wobel der Speicherabschnitt (315) mit elner   Feld der MUnze eine
annehmbare MUnze an- beliebigen Gruppe von Referenzwerten pro-
zelgt, wobel das Fold so gerichtet ist, daBl es grammlerbar let, die elner
beliebigen Gruppe       die MOnze In siner Im wesentlichen Normal- von als
annehmbar bewerteten MUnzen ont-           richtung zu ihren FlIchen
durchdringt und die sprechen.                                 2b
Frequenz des oszillierenden Feldes so be- schaffen ist, daB in Gegenwart
elner annehm- 9  Vorrichtung nach Anspruch 8, wobei der Spei-        baron
MUnze, die eine Oberfilchenplatfierung cher ein programmierbarer
Permanent-ROM            hat, die Eindringtiefe des Felds in der MUnze ist.
unterhalb der Tiefe der Oberfilchenplattierung 30      liegt, aber nicht so
tief wie die Mittelff~che der 10. Vorrichtung nach elnem der AnsprUche 5, 8
Minze. odor 9, wobel der Sensor (HF1, 300) oder ein anderer aus der
Vieizahl von Sensoren zum      14. Vorrichtung nach Anspruch 13, wobei die
Fre- Zusammenwirken mit elner MUnze ein Paar            quenz zwischen 80
und 200 kHz liegt. von induktiven oder kapazitiven Mefieinrichtun-  36 gen
autweist, die ein Feld erzeugen und die im  1& Vorrichtung nach Anspruch
14, wobei die Fre- altgemeinen entgegengesetzt angebracht und         quenz
etwa 120 kHz betrdgt. auf gegenUberilegenden Selten des MUnzwe- ges (4)
jeweils voneinander beabstandet sind,  16. Vorrichtung nach elnem der
AnsprUche 5, 8 so dafl eine sich lWngs des Wegs bewegende   40    odor 9,
wobel wenigstens eines der Informa- MOnze im wesentichen In einer
vorbestimmten       tionssignale in der Form eines oszillierenden
seitlichen Positionsbeziehung bezUglich der        Signals vorliegt und in
ein Gleichapannungasl: Meleinrichtungen bleibt, wenn sie zwischen
gnal umgewandeit ist, wobel die Umwandlung ihnen durchtrltt, wobei die
Meleinrichtungen       durch elne Gleichrichterschaltung (313) bewirkt mit
elner Verarbeitungsschaltung (318) so zu-  45  ist, die aufweist erste und
zweite Schaltungs- 



sammengeschaltet sind, daBl sine von ihnen         netzwerke (445, 446),
Einrichtungen (440 bis eine Mefleinrichtung ist, die vorwiegend zum
443) zum Darstellen der positiven und negati- Erfassen eines oder mehrerer
Merkmaie der          ven Halbwellen des oszlllierenden Signals al- MUnze
dient, die von dem Grad der Wechsel-         ternativ an den zwei
Netzwerken, eine Glit- wirkung zwischen dem Fold und der MUnze  50
tungseinrichtung in jedem  Netzwerk, urn das abhdngen, wShrend die andere
eine Aus-             jeweilige Halbweltensignal In ein Gleichapan-
gleichseinrichtung Ist, die vorwiegond dazu        nungssignal umzuwandeln,
und eine Einrich- dlent, die MeBStreuung Aufgrund von Ver~nde-       tung
(447)  zum   Zusammenfassen  der rungen des Mtnzflugwegs zu vermindern, wo-
Gleichspannungs-Signale aus den zwel Netk- bei die Induktivitats- oder
Kapazitftswerte der  55  werken, um ein Ausgangssignal zu erzeugen,
MeBeinrichtungen mit verschiedsnen Werten          dessen Stirke gleich der
Summe der Moduli ausgewdhlt werden, urn dss Verh~ltnis der          der
zwei Gleichspannungs-Signale ist. Mefiempfindlichkeit zur Streuung zu
erh6hen. 23    45                EP 0 304 535 B1                     46 17.
Vorrichtung nach Anspruch 2 mit wenigstens zwei Einrichtungen zum
Zusammenwirken mit einer MUnze auf dern MUnzweg, urn jeweils ein
Informationssignal bereitzustellen, wobei elne der
Zusammenwirkungs-Einrichtungen  der   5 Sensor (HF1, 300) ist, der sein
Informationasi- gnal in Reaktion auf wenigstens die grole Mehrheit der
Mlinztypen liefert, eine Elnrich- tung (316) zum Bestimmen, ob die informa-
tionssignale eine annehmbare M~nze anzei-  1o gen, und die
Steuereinrichtungen (316) durch das Auftreten des Informationssignals von
dem Sensor betriebsbereit sind, um die Ansteue- rung der
SchaltungsabschnItte einzuleiten, wo- bei die Steuereinrichtungen (316) so
eingerich-   15 tet ist, daB sle unabh~ngig davon so arbeiten, ob oder
nicht das Informationssignal von dem Sensor (HF1, 300) eine annehmbare
M~nze anzeigt, wobei die Ansteuerung im wesentli- chen zu jeder Zeit
eintritt, In der eine M~nze   20 entlang des M~nzweges gelangt. 25 30 35 40
45 50 55 11111111 111111 11111111111111 24                     *   C   L
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