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A coin discriminator in accordance with the invention will now be
described, by way of example This invention relates to a coin discriminator
only, with reference to the accompanying drawings adapted to measure the
thickness of a coin.        in which:- It is possible to measure the
thickness of a   5  Figure 1 is a block circuit diagram of the dis- coin
using optical techniques, but such arrange-      criminator; and ments tend
to suffer from a build-up of dirt on the   Figure 2 is a plot of the
signals against time at optical components when the technique is used in
points A to E in the circuit of Figure 1. a coin discriminator.
In Figure 1 coins, such as coin 1 are allowed to We have realised that it
would be desirable to  10  roll or slide in face contact with a support
surface 2 employ an ultra-sonic measuring technique. Whilst  in passing
from a coin insertion slot to a coin ultra-sonic measuring techniques are
used in var-  collecting region of the associated machine. Ultra- ious
fields for measuring relatively large objects,  sonic transmitter and
receiver transducers Tx and objects whose dimensions are many multiples of
Rx respectively have their transmitting and receiv- the wavelength of
ultra-sonic waves, we are not  15  ing faces located approximately 10mm
from the aware of the use of such techniques in the coin    surface 2 with
their principal axes inclined at equal field, where one is attempting to
resolve coin thick-  angles to the surface 2, such that the receiver Rx
ness differences of, say, 0.1mm, as compared with  will receive a
substantial reflected ultrasonic wave the wavelength of, say, 8mm for a 40
kHz sound     from a passing coin 1, or from surface 2 if no coin wave.
20  is present. According to GB-A-1181047, the phases of two       Typical
suitable ultrasonic transducers are ultra-sonic continuous waves are
compared to es-   MURATA (T.M.) MA40S2R and MA40S2S. tablish a relationship
between the lengths of their    A suitable transistor switch SW is employed
to paths, for monitoring the change in thickness of a  apply a voltage
kick, shown by A in Figure 2, on paper or metal object.
25  the input 3 to transmitter Tx which then resonates, According to the
present invention a coin dis-  at 40 kHz for this particular transducer, to
provide a criminator comprises an ultra-sonic sound emitter  wave packet.
The wave packet reflected by the and an ultra-sonic sound receiver, the
emitter being  coin 1 will be received by the receiver Rx, the arranged to
direct a packet of ultra-sonic waves at  output 4 of which is then
amplified by amplifier one face of a coin which has its opposite face   30
AMP to provide the amplified signal B shown in positioned against a datum
surface, the receiver   Figure 2. It will be seen that the amplified wave
being positioned to receive waves reflected from   packet has the form of
40 KHz sinusoidal oscilla- said one face, and signal processing means con-
tions within an envelope which itself is of substan- nected to the receiver
for identifying and timing the  tially sinusoidal shape. occurrence of an
identifiable element of the wave-  35  A 40 kHz band pass filter 5 is
provided to packet.                                            remove any
noise from the signal B which can Thus, we have appreciated that by
precisely     arise from the sound waves generated by some timing an
identifiable element of the wave-packet it  coins impacting with surface 2
or other parts of the is possible to detect coin thickness differences
machine. which are substantially less than the wavelength of  40  It is
desired to measure precisely changes in ultra-sonic sound. In effect, we
are looking at the  the time taken for the sound to pass from transmit-
phase of the received signal.                      ter Tx to receiver Rx on
being reflected from the The identifiable element is preferably a zero-
surface 1' of coin 1. In order to time precisely a crossing point of the
wave of the wave-packet. For  zero-crossing point, such as the third
crossing example, it would be possible to detect and time   45  point 7 on
the waveform B. the waveform B is the occurrence of the second
zero-crossing point in  converted into a rectangular waveform C by apply-
the wave-packet, suitable time reference signals   ing signal B to one
input of a comparator 8, the being derived from the emitter.
other input of which is earthed. In order to detect and time the
zero-crossing      It is then required to time precisely the occur- point
of the wave-packet received by the detector,  50  rence of the
corresponding pulse edge 9 since the sinusoidal wave signal of the detected
wave-   shifts in the timing of pulse edge 9 will be pro- packet is
preferably first converted into a rectangu-  duced by coins of different
thickness, due to the lar wave, and then a pulse edge of this rectangular
resulting change in the total sound path between wave is detected. The
system is looking for an     Tx and Rx. For this a microcomputer unit 10
and edge which occurs within a predetermined time   55  flip-flop 11 are
provided, the microcomputer unit 10 block.
incorporating a timing function. The coin is preferably arranged to roll
through    Since the coin thickness differences between the coin
discriminator.                            coins of different denominations
are only fractions 2   
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40 kHz wave, the shift in the     The microcomputer is looking for concor-
position of edge 9 for different coins is less than  dances between [err]
(current)- [err] (measured) and the one wavelength and needs to be measured
pre-       stored reference time difference maxima and mini- cisely.
ma in order to provide an identification of the coin. An arm pulse is
provided on line 12 to the flip-   5   Often the ultrasonic test in
accordance with the flop 11, the leading edge 13 of the arm pulse being
invention will be used in conjunction with other produced by the
microcomputer 10 at a predeter-    tests, such as on inductive test on the
coin, and the mined time after the voltage step 13 in the initiating
microcomputer will be programmed to look for con- signal to switch SW,
which signal is initiated on line  cordances involving the different
reference values 14 by the microcomputer 10. The flip-flop 11 will  10
appropriate to the different tests. be cleared by the first rising edge of
the signal C    The ultrasonic measurement technique de- which occurs after
the arming edge 13 of signal D,  scribed has the advantage over most
existing op- and accordingly the pulse edge 9 corresponding to  tical
techniques that dirt does not seriously affect zero-crossing point 7 will
trigger the flip-flop, there-  the ultrasonic measurement. Whilst it is
desirable by providing the pulse of length [err], signal E, to the   15  to
clean the surface 2 periodically, dirt should not timer input 13 to the
microcomputer 10.            affect the measurements made by the transducer
The microcomputer 10 is suitably programmed     Rx to the same extent as
occurs with optical tech- to derive a measurement of the coin thickness
from  niques. The principal reason for this is that most the time period
[err].                                optical techniques involve a
measurement of light The transducers Tx and Rx are conveniently  20
intensity, whereas the ultrasonic technique de- mounted in respective
apertures in a carrier block  scribed involves a measurement of the phase
of which is pivotally mounted with respect to surface  the sound waves,
which is not seriously affected by 2, so as to enable the block to be
pivoted away    any dirt which might be partially blocking the re- from
surface 2 to permit cleaning of surface 2, the  flected sound path of
receiver Rx. Also the trans- block then being pivoted back into an
operative   25   mitter Tx and receiver Rx do not need to be as position in
which it is held by a suitable retainer. In  close to the coins as is
generally necessary with order to take account of the fact that the block
may  optical techniques, and accordingly there is less not always be
returned to precisely the same oper-  chance of dirt being deposited on the
transmitter ative position, it is arranged that a measurement of  and
receiver by the coins. the position of the datum surface 2 relative to the
30 transducers Tx and Rx is made whenever the asso-   Claims ciated coin
apparatus is switched on, and if desired at regular times thereafter,
simply be causing a   1. A coin discriminator characterised by an ultra-
pulse and measurement cycle to be performed            sonic sound emitter
(Tx) and an ultra-sonic without a coin being present at surface 2. This
will  35  sound receiver (Rx), the emitter being so ar- provide a base time
to which can be used as            ranged as to direct a packet of
ultra-sonic described below, to correct the subsequently mea-      waves at
one face (1') of a coin (1) under test sured time [err] when a coin is
present                   which has its opposite face positioned against
Maximum and minimum reference values of            a datum surface (2), the
receiver (Rx) being the time difference of [err] corresponding to par-  40
positioned to receive waves reflected from said ticular coin types are
stored in a suitable memory     one face (1'), and signal processing means
associated with the microcomputer 10. Such refer-      (8,10,11) connected
to the receiver (Rx) com- ence values can be loaded into the memory in a
prising identification means (11) adapted to learn mode of the device in
which suitable refer-     identify the occurrence of art identifiable ele-
ence coins of the various types to be identified are  45  ment (7) of the
reflected wave-packet and tim- passed through the device, and the times
[err] and [err]    ing means (10) adapted to time said occur- are measured,
and the difference [err] is stored.      rence. Then, in subsequent use of
the device the current back plate return time to (current) is periodically
2. A coin discriminator as claimed in claim 1 in measured and stored, the
time [err] (measured) for a   50  which the identifiable element of the
wave- coin under test is measured, and the difference [err]    packet is a
zero-crossing point (7) of the wave (current)- [err] (measured)] between
the current stored    of the wave packet. time [err] and the measured time
[err] is computed and is then compared with the maximum and minimum      3.
A coin discriminator as claimed in claim 2 in reference values of [err] to
determine whether this  55  which the output of the receiver is converted
measured time difference lies between the mini-        by conversion means
(8) into a rectangular mum and maximum reference values of [err].
wave, and the signal processing means is ar- ranged to identify an edge (9)
of the rectangu- 3  
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a 40 kHz wave, the shift in the     The microcomputer is looking for
concor- position of edge 9 for different coins is less than  dances between
to (current)- [err] (measured) and the one wavelength and needs to be
measured pre-       stored reference time difference maxima and mini-
cisely.                                             ma in order to provide
an identification of the coin. An arm pulse is provided on line 12 to the
flip-   5   Often the ultrasonic test in accordance with the flop 11, the
leading edge 13 of the arm pulse being  invention will be used in
conjunction with other produced by the microcomputer 10 at a predeter-
tests, such as on inductive test on the coin, and the mined time after the
voltage step 13 in the initiating  microcomputer will be programmed to look
for con- signal to switch SW, which signal is initiated on line  cordances
involving the different reference values 14 by the microcomputer 10. The
flip-flop 11 will  10  appropriate to the different tests. be cleared by
the first rising edge of the signal C    The ultrasonic measurement
technique de- which occurs after the arming edge 13 of signal D,  scribed
has the advantage over most existing op- and accordingly the pulse edge 9
corresponding to  tical techniques that dirt does not seriously affect
zero-crossing point 7 will trigger the flip-flop, there-  the ultrasonic
measurement. Whilst it is desirable by providing the pulse of length [err],
signal E, to the   15  to clean the surface 2 periodically, dirt should not
timer input 13 to the microcomputer 10.            affect the measurements
made by the transducer The microcomputer 10 is suitably programmed     Rx
to the same extent as occurs with optical tech- to derive a measurement of
the coin thickness from  niques. The principal reason for this is that most
the time period [err].                                 optical techniques
involve a measurement of light The transducers Tx and Rx are conveniently
20  intensity, whereas the ultrasonic technique de- mounted in respective
apertures in a carrier block  scribed involves a measurement of the phase
of which is pivotally mounted with respect to surface  the sound waves,
which is not seriously affected by 2, so as to enable the block to be
pivoted away    any dirt which might be partially blocking the re- from
surface 2 to permit cleaning of surface 2, the  flected sound path of
receiver Rx. Also the trans- block then being pivoted back into an
operative   25   mitter Tx and receiver Rx do not need to be as position in
which it is held by a suitable retainer. In  close to the coins as is
generally necessary with order to take account of the fact that the block
may  optical techniques, and accordingly there is less not always be
returned to precisely the same oper-  chance of dirt being deposited on the
transmitter ative position, it is arranged that a measurement of  and
receiver by the coins. the position of the datum surface 2 relative to the
30 transducers Tx and Rx is made whenever the asso-    Claims ciated coin
apparatus is switched on, and if desired at regular times thereafter,
simply be causing a    1. A coin discriminator characterised by an ultra-
pulse and measurement cycle to be performed            sonic sound emitter
(Tx) and an ultra-sonic without a coin being present at surface 2. This
will  35  sound receiver (Rx), the emitter being so ar- provide a base time
to which can be used as            ranged as to direct a packet of
ultra-sonic described below, to correct the subsequently mea-      waves at
one face (1') of a coin (1) under test sured time [err] when a coin is
present.                  which has its opposite face positioned against
Maximum and minimum reference values of             a datum surface (2),
the receiver (Rx) being the time difference of [err] corresponding to par-
40  positioned to receive waves reflected from said ticular coin types are
stored in a suitable memory     one face (1') and signal processing means
associated with the microcomputer 10. Such refer-      (8,10,11) connected
to the receiver (Rx) com- ence values can be loaded into the memory in a
prising identification means (11) adapted to learn mode of the device in
which suitable refer-      identify the occurrence of art identifiable ele-
ence coins of the various types to be identified are  46  ment (7) of the
reflected wave-packet and tim- passed through the device, and the times
[err] and [err]     ing means (10) adapted to time said occur- are
measured, and the difference [err] is stored.      rence. Then, in
subsequent use of the device the current back plate return time to
(current) is periodically  2. A coin discriminator as claimed in claim 1 in
measured and stored, the time [err] (measured) for a   50  which the
identifiable element of the wave- coin under test is measured, and the
difference [err]    packet is a zero-crossing point (7) of the  wave
(current)-[err] (measured)] between the current stored    of the wave
packet. time to and the measured time [err] is computed and is then
compared with the maximum and minimum      3. A coin discriminator as
claimed in claim 2 in reference values of [err] to determine whether this
55  which the output of the receiver is converted measured time difference
lies between the mini-        by conversion means (8) into a rectangular
mum and maximum reference values of [err].             wave, and the signal
processing means is ar- ranged to identify an edge (9) of the rectangu- 3 
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the occurrence of that        durch eine Umwandlungseinrichtung (8) in eine
edge.                                              Rechteckwelle
umgewandelt wird, und die Si- gnalverarbeitungseinrichtung so angeordnet
ist, 4. A coin discriminator as claimed in claim 3 in       daB sie eine
Flanke (9) der Rechteckwelle which the signal processing means comprises
5    identifiziert und den Zeitpunkt des Auftretens a flip-flop (11) which
is arranged to be set by    dieser Flanke bestimmt. an arm pulse produced
at a predetermined time following the initiation of the wave packet,  4.
M~nzendiskriminierer nach Anspruch 3, bei the flip flop (11) being arranged
to be cleared    welchem die Signalverarbeitungseinrichtungein by said edge
(9) of the rectangular wave.  10      Flipflop (11) aufweist, das so
angeordnet ist, daB es von elnem zu einem vorgegebenen 5. A coin
discriminator as claimed in any of the       Zeitpunkt nach Einleltung des
Wellenpakets er- preceding claims in which the signal process-      zeugten
Zeigerimpuls gesetzt wird, wobei das ing means comprises a filter (5) for
filtering out  Flipflop (11) so angeordnet ist, daB es von der sound noise
produced by coin movement.     15      Flanke (9) der Rechteckwelle
rUckgesetzt wird. 6. A coin discriminator as claimed in any of the   5.
MUnzendiskriminierer nach einem der AnsprU- preceding claims comprising
zero compensa-         che 1 bis 4, bei welchem die Signalverarbei- tion
means which is arranged periodically to       tungseinrichtung ein Filter
(5) umfaBt, welches initiate a measurement of the position of the   2o  das
durch die Bewegung der Mtnze erzeugte datum surface (2) by causing a wave
packet to      Schallrauschen herausfiltert. be initiated with no coin
against datum surface (2), to produce a stored value representative of  6.
M~nzendiskriminierer nach einem der vorher- the current position of the
datum  surface,        gehenden AnsprUche, welcher eine Nullaus- which is
applied to the timing of a succeeding   25  gleichseinrichtung aufweist,
die periodisch so measurement on a coin to take account of
geschaltet wird, daB sie eine Messung der possible changes in the relative
positions of      Position der Bezugsflache (2) einleitet, indem the datum
surface (2), transmitter (Tx) and       die Einleitung eines Wellenpakets
veranlaBt receiver (Rx).                                     wird, ohne daB
eine M~nze gegen die Bezugs- -0      flache (2) anliegt, um einen fUr die
augenblick- PatentansprUche                                        liche
Position der Bezugsfllche repr~sentati- ven gespeicherten Wert zu erzeugen,
der bei 1. M~nzendiskriminierer, gekennzelchnet durch          der
Zeiterfassung bei elner nachfolgenden einen Ultraschallsender (Tx) und
einen Ultra-      Messung an einer Mlnze herangezogen wird,
schallempfainger (Rx), wobei der Sender so   35    um mogliche
Veranderungen in der relativen angeordnet ist, daB er ein Paket
Ultraschallwel-   Lage der Bezugsfilache (2), des Senders (Tx) len auf eine
Seite (1') einer zu prafenden Man-    und des Empfingers (Rx) zu
beracksichtigen. ze (1) richtet, deren gegenUberliegende Flache K  gegen
eine Bezugsfl~che (2) positioniert ist,    Revendicatlons und wobei der
Empfanger (Rx) so positioniert  4o ist, daB er von der elnen Flache (1')
reflektierte  1. Un appareil de discrimination de pibces de Wellen
empfangt, die durch eine mit dem            monnaie, caracterise par un
emetteur sonore Empffnger (Rx) verbundene Signalverarbel-
ultrasonique (Tx) et un recepteur sonore ultra- tungseinrichtung (8, 10,
11), welche eine Iden-    sonique (Rx), I'emetteur 6tant agenc4 de fagon
tifizierungseinrichtung (11) aufweist, die zur  45  h diriger un paquet
d'ondes ultrasoniques sur Identifizierung des Auftretens eines
identifizier-  une face (1') d'une piece de monnaie (1) A baren Elements
(7) in dem reflektierten Wel-       tester et dont la face opposee est
plac~e lenpaket ausgelegt ist, sowie durch eine Zeiter-   contre une
surface de r6ference (2), le r6cep- fassungseinrichtung (10), die zum
Messen der       tour (Rx) etant dispose de fagon A recevoir les Zeit
dieses Auftretens ausgelegt ist.      50      ondes r6flechies par ladite
face (1'), et des moyens de traitement de signaux (8, 10, 11) 2.
MUnzendiskriminierer nach Anspruch 1, be!           relies au recepteur
(Rx) comprenant des welchem das identifizierbare Element in dem
moyens d'identification (11) aptes a identifier Wellenpaket ein
Nulldurchgangspunkt (7) in         l'apparition d'un element identifiable
(7) du pa- der Welle des Wellenpakets ist.            55      quet d'ondes
refl6chies et des moyens de chronographie (10) aptes a chronometrer ladite
3. Manzendiskriminierer nach Anspruch 2, bei           apparition welchem
das Ausgangssignal des EmpfAngers 4 
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1~~~~~~~~1111111111111111111111illII11111 2. Un appareil de discrimination
de pibces de monnale selon la revendication 1, dans loquel I'element
identifiable du paquet d'ondes est un point de passage par zAro (7) de
l'onde du paquet d'ondes.                           6 3. Un appareil de
discrimination de pieces de monnaie selon la revendication 2, dans loquel
le signal de sortie du recepteur est converti par des moyens de conversion
(8) on une   70 onde rectangulaire, et les moyens de traite- ment de
signaux sont agences pour identifier un bord (9) de l'onde rectangulaire et
pour chronom6trer l'apparition de co bord. t5 4. Un appareil de
discrimination de pibces de monnaie selon la revendication 3, dans lequel
les moyens de traitement de signaux compor- tent une bascule (11) qui est
agencee pour etre regl6e par une impulsion de bras emise a   20 un instant
pr~d6termin4 suivant le debut du paquet d'ondes, la bascule (11) etant
agenc~e pour Otre liberde par ledit bord (9) de l'onde rectangulaire. 25 5.
Un appareil de discrimination de pieces de monnale, selon I'une quelconque
des revendi- cations precedentes, dans loquel les moyens de traitement de
signaux comportent un filtre (5) pour dliminer par filtration le bruit
sonore  30 produit par le deplacement de la piece de monnaie. 6. Un
apparoil de discrimination de pibces de monnaie selon l'une quelconque des
revendi-  35 cations pr~cedentes, compronant des moyens de compensation de
zero qui sont agences periodiquement pour faire demarrer une mesu- re de la
position de la surface de r~f~rence (2) en provoquant le d~part du paquet
d'ondes  40 alors qu'il n'y a pas de piece de monnaie sur la surface de
reference (2), afin de produire une valour mise en m~moire et
representative de la position instantan~e de la surface de refdrence, cette
valeur dtant appliqude a la  45 chronographie d'une mesure successive sur
une piece de monnaie pour tenir compte des variations eventuelles dans les
positions relati- ves de la surface de rdferonce (2), de l'emot- tour (Tx)
et du recepteur (Rx).           50 55 5    


