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a cor-  coin track along which coins move through poration organised and
existing under the  the passageway, and means for examining  50 laws of the
State of Delaware, United States  chordal dimensions of a coin at a test
position of America, of Westgate Park, 1651 Old  on the track along two
different reference 5 Meadow Road, McLean, Virginia, United  lines, one end
of one reference line being States of America, do hereby declare the
spaced circumferentially from one end of invention, for which we pray that
a patent  the other reference line, and determining  55 may be granted to
us, and the method by  whether either of the chordal dimensions which it is
to be performed, to be particu-  corresponds to the chordal dimension of a
10 larly described in and by the following  coin of the said particular
denomination to statement-                             within a
predetermined tolerance. The present invention relates to a coin   In a
preferred form of the present invention  60 testing apparatus and
particularly an appar-  the apparatus can distinguish between a cir- atus
for testing coins.                 cular and a non-circular coin of
substantially 15   In the specification of our U.K. Patent the same size.
No. 1272560 there is described an apparatus    An embodiment of the
invention will now for identifying coins in which the diameter of be
described, by way of example, with refer- 65 the coin is examined by
passing the coin along  ence to the drawings accompanying the pro- a track
in front of an array of coin-presence  visional specification, in which:-
20 sensors. The array includes a reference sensor    Figure 1 shows a coin
passageway with a and a pair of secondary sensors for each  coin sensor
array of an apparatus for identi- denomination of coin to be identified.
The  fying a 50 pence piece; and         70 spacing of the secondary
sensors from the    Figure 2 shows a logic diagram of the cir- reference
sensor is such that an acceptable  cuit of the apparatus of Figure 1. 25
coin of the denomination will concurrently    Referring to the drawings
these show an cover the reference sensor and one of the  apparatus for
identifying a British 50 pence secondary sensors but not the other.
piece which is a non-circular coin having 75 With a coin of non-circular
shape such as  seven arcuate sides. Figure 1 shows a coin the British 50
pence piece an arrangement of passageway 10 with an inclined coin-support-
30 a reference sensor and a pair of secondary  ing track 11 along which
coins can roll. sensors cannot be used to test coin size to  Above the
track in the side of the passage- close tolerances. The dimension measured
way is an array of coin presence sensors. The 80 along a particular line
fixed in relation to the  sensors are photoelectric devices with asso- coin
track will vary according to the attitude  ciated light sources in the
opposite side of the 35 of the coin on the track, so that the spacing  coin
passageway, the presence of a coin being of the secondary sensors would
have to be  detected when the light beam from a light large enough to
accept genuine coins irrespec-  source falling on its associated sensor is
85 tive of the attitudes at which they present interrupted. themselves to
the sensor array.           In the drawing the chain dotted line 13 40 -
The present invention is concerned to  indicates a height of approximately
D/2 provide an arrangement for testing coins of above the coin track, where
D is the diameter a non-circular shape which enables the coin's  of the 50
pence piece.           90 dimensions to be tested to closer tolerances
At the downstream end of the sensor array than with an arrangement as
described above. two reference sensors 14 and 15 are disposed 45
According to the present invention there  above and below the line 13 at
the same longi- is provided an apparatus for identifying coins  tudinal
position along the passageway. The of a particular denomination of
non-circular  sensors 14 and 15 are equidistance from the 95 coins
comprising a coin passageway with a  line 13 and spaced from it by a
distance of    2                                        1,580 ,425
2 approximately D/10 so that the spacing of diameter. In the second test
the position of the two sensors 14 and 15 is approximately  the coin-in
relation to the sensors 18, 19 and 



half the length of a side of a 50 pence piece or 20 is examined when the
leading edge of the at least between [err] and [err] the length of a side
of coin first obscures both of the sensors 14 and 5 - a 50 pence piece. At
the upstream end of the  15. A circular coin 22 (shown in broken line)
array and at a height of D/2 above the coin 'that passes the first test
will simultaneously track 11 are two secondary sensors 16 and 17  occlude
both the sensors 18 and 19 when first which are spaced from the sensors 14
and 15  it occludes sensors 14 and 15. However a 50 by distances slightly
less than D and slightly  pence piece because of its somewhat flattened 10
greater than D respectively.             sides will not obscure both
sensors 18 and 19 75 Slightly downstream of the sensors 16 and
simultaneously to the first occlusion of sensor 17 above and below the line
13 and at the  14 and 15 except in the special case where one same
longitudinal position to one another of the corners is disposed
approximately are two sensors 18 and 19. The sensors 18 and  midway between
the sensors 14 and 15, i.e. 15  19 are equidistant from the line 13 and
spaced  a diameter from the mid point of one side to  80 from it by a
distance of approximately D/4. the opposite corner of the coin lies on the
The position of the sensors 18 and 19 are line 13. Thus except in the
special-case men- such that a circular coin of such' a diameter tioned, the
presence of a non-circular coin that it can concurrently obscure sensor 14
or will be detected by the fact that when the 20  15 and sensor 16 and
leave 17 unobscured, sensors 14and 15 are first occluded, either or 85 will
obscure both sensors 18 and 19 when  both of sensors 18 and 9 is not
occluded. To first it concurrently obscures sensors 14 and  detect the
presence of a non-circular coin 15. On the other hand a 50 pence piece will
presenting itself in the special case, the sensor not obscure both sensors
18 and 19 when  20 is provided. This sensor will be obscured 25 first it
obscures sensors 14 and 15 except in  by the corner of the 50 pence coin in
the attitude 90 the special case where the coin arrives at the  of the
special case when the sensors 14 and 15 sensors 14 and 15 with a corner
'approxi- are first otscured but will not be obscured by mately midway
between two sensors.       a circular coin passing the first test as can be
Slightly downstream of the sensors 14 and  seen from Figure 1. 30  15 and
at a height of D/2 above the track 1I    The logic circuitry that might be
used for 95 is a sensor 20. The positions of the sensor 20  the coin
testing apparatus employing the is such that it lies outside a circle
passing  sensor array of Figure I is shown in Figure 2. through the sensors
14, 15, 18 and 19 but   The sensors 14 and 15 are connected to an such that
it is covered by a 50 pence coin the OR gate 23, the output of which is
connected 35 leading edge of which just covers the sensors to one of three
inputs of an AND gate 24. 100 14 and 15 and has a corner disposed approxi-
The other two inputs of the AND gate 24 are mately midway between the
sensors 14 and  connected to the sensor 16 and through an 15.
inverter 25 to the sensor 17. The sensor array performs two tests as   The
sensors 14 and 15 are also connected 40 follows. As a 50 pence coin 21
rolls down the  to an AND gate 26, the output of which is 105 track 11 it
will pass the sensors 17, 16, 18 and  fed to an AND gate 27 through a
differentiat- 19. Depending upon its attitude it may reach  ing circuit 28
so that the gate 27 is enabled sensor 14 before or after it reaches the
sensor for a short period only at the leading edge of 15. When it reaches
one or other of the  the signal from the gate 26. The gate 27 has 45
sensors 14 or 15 the first tbst is performed. The  two other inputs, one is
connected to the out- 110 position of the trailing edge of the coin in  put
of the gate 24 via a temporary store 33 relation to the sensors 16 and 17
is examined  (which may be provided by a capacitor) and and if the sensor
16 is obscured and the sensor the other is connected to the output of an OR
17 is not the coin will have the "circular"  gate 29. The OR gate 29 has
three inputs con- 50 dimensions of a genuine 50 pence coin. By  nected
respectively to the sensor 18 through 115 using two reference sensors which
in the test an inverter 30, to the sensor 19 through an position of the
coin are spaced around the  inverter 31 and to the sensor 20. The output
periphery of the coin by a fraction of the  of the AND gate 27 indicates
whether the length of one side of the coin the effects of coin is
acceptable and is connected to the 55 the angular attitude of the coin
inthetestposi-  accumulator, and acceptance circuits 32.   120 tion are
reduced. This means that the spacing    The circuit' operates as follows.
When a of sensors 16 and 17 can be made small to  coin is inserted in the
coin mechanism it define the dimension of the coin within close  passes
along the passageway until it reaches tolerances without causing the
apparatus to  one or other of the sensors 14 and 15; Occlu- 60 reject
genuine coins which present themselves  sion of one or other of these
sensors causes 125 at the test position in an unfavourable  'the OR gate 23
to give an output -which en- attitude.                                ables
the AND gate 24. Provided that the The second test detects whether the coin
is  coin is of' the appropriate dimensions to -non-circular since the first
test could be  obscure the sensor 16 and not obscure the 65  passed' by a
circular coin of appropriate  sensor 17 the AND gate 24 will receive 130  



3                                      1,580,425
3 enabling signals on all three of its inputs  comprising a coin passageway
with a coin and will pass an enabling signal to the input track along which
coins move through the of the AND gate 27 indicating that the first
passageway, and means for examining chordal test has been passed.
dimensions of a coin at a test position on the When the coin has moved a
little further  track along two different reference lines, one 70 down the
passageway both sensors 14 and 15  end of one reference line being spaced
circum- will be obscured giving enabling signals on  ferentially from one
end of the other refer- both inputs to the AND gate 26 which will ence
line, and determining whether either of give an output signal, the leading
edge of the chordal dimensions corresponds to the 10 which will enable the
AND gate 27. If the  chordal dimension of a coin of the said parti- 75
first test has been passed the input to the  cular denomination to within a
predeter- AND gate 27 from the AND gate 24 (via the  mined tolerance.
temporary store 33) will be enabled. The    2. An apparatus according to
claim 1 third input to the AND gate 27 will be en-  wherein the means for
examining comprise 15 abled if either of the sensors 18 or 19 is not  an
array of coin presence sensors, including 80 obscured or if sensor 20 is
obscured since any  two reference sensors which are spaced apart of these
conditions causes the OR gate 29 to  circumferentially with respect to a
coin in the give an enabling output to the gate 27. Thus  test position. if
the coin is of a size to pass the first test, it   3. An apparatus
according to claim 2 20 will pass the second test when it first occludes
wherein the two reference sensors lie on a line 85 both the sensors 14 and
15 either it does not perpendicular to the coin track and are equi- occlude
sensor 18 or 19 or it occludes the  distant from a line drawn parallel to
the coin sensor 20. A circular coin of the right size to  track and
approximately half the mean pass the first test will not satisfy this
condition  diameter of the predetermined coin above 25 because it will
occlude both of the sensors 18  the coin track.                   90 and 19
when the sensors 14 and 15 are first   4. An apparatus according to claim 2
or 3 both occluded and not occlude sensor 20 at  wherein the array includes
a pair of secondary this instant.                           sensors the
sensors being spaced along a It will be appreciated that the invention
radius with respect to the coin of the said 30 may be used to identify
non-circular coins  particular denomination at the test position  95 other
than the British 50 pence piece, the  such that when a coin of the said
denomin- relative positions of the sensors being varied  ation just
occludes one or other of the refer- according to the shape and size of the
coins. ence sensors, one of the secondary sensors is It will also be
appreciated that as an altern-  occluded by the coin and the other is not
35 ative to having two reference sensors, two  occluded by the coin.
100 sets of secondary sensors spaced around the    5. An apparatus
according to claim 4 periphery of the coin in the test position, may
wherein the two secondary sensors lie on a be provided. As an alternative
to using a pair  line substantially parallel to the coin track. of
secondary sensors with a reference sensor    6. An apparatus according to
claim 1, 2, 40 on each chord, the invention may be applied  3, 4 or 5
further including means for sensing 105 to an arrangement in which only one
secon-  that the coin is non-circular. dary sensor is used on each chord
and the    7. An apparatus according to claim 6 duration of concurrent
occlusion of the  when appendant to claim 2, 3, 4 or 5 in reference sensor
and secondary sensor is  which the means for sensing that the coin is 45
examined to see if it falls within a predeter-  non-circular comprise two
further sensors, 110 mined tolerance range as in the embodiment positioned
so that when a coin of the said of Figures 6 and 7 of Patent No. 1, 272,
560. denomination is in the test position, and the Although in the
embodiment described the  coin is just obscuring both of the reference
sensors 14 and 15 are arranged equidistant  sensors, the coin will not
obscure both of the .50 from and on opposite sides of the line D/2  said
further sensors, but when a circular coin 115 above the track, alternative
arrangements  of a diameter such that it has a chordal are possible in
which the reference sensors  dimension along one of the said reference lie
on opposite sides of a radius which makes  lines corresponding to the
chordal dimension an angle to the track. Similarly the secondary  for a
coin of the said denomination, is at the .55 sensors may be at other
positions around the  said test position and the coin is just obscuring 120
periphery of the coin in the test position.  both of the reference sensors
it will obscure The testing apparatus according to the  also both of the
further sensors, and logic invention may be used in conjunction with  means
for providing an indication when the other coin testing apparatus such as
the con-  two reference sensors are first concurrently 60 ductivity testing
apparatus described in the  occluded and one or both further sensors is 125
aforementioned patent.                   not concurrently occluded. 



8. An apparatus according to claim 7 WHAT WE CLAIM IS:-
including another sensor positioned substan- 1. An apparatus for
identifying coias of a  tially on the perpendicular bisector of the 65
particular denomination of non-circular coin  reference sensors at a
position such that it is 130    1,580,425
3 enabling signals on all three of its inputs  comprising a coin passageway
with a coin and will pass an enabling signal to the input track along which
coins move through the of the AND gate 27 indicating that the first
passageway, and means for examining chordal test has been passed.
dimensions of a coin at a test position on the When the coin has moved a
little further  track along two different reference lines, one  70 down the
passageway both sensors 14 and 15  end of one reference line being spaced
circum- will be obscured giving enabling signals on  ferentially from one
end of the other refer- both inputs to the AND gate 26 which will  ence
line, and determining whether either of give an output signal, the leading
edge of  the chordal dimensions corresponds to the 10 which will enable the
AND gate 27. If the  chordal dimension of a coin of the said parti- 75
first test has been passed the input to the  cular denomination to within a
predeter- AND gate 27 from the AND gate 24 (via the  mined tolerance.
temporary store 33) will be enabled. The  . 2. An apparatus according to
claim  1 third input to the AND gate 27 will be en-  wherein the means for
examining comprise 15 abled if either of the sensors 18 or 19 is not  an
array of coin presence sensors, including  80 obscured or if sensor 20 is
obscured since any  two reference sensors which are spaced apart of these
conditions causes the OR gate 29 to  circumferentially with respect to a
coin in the give an enabling output to the gate 27. Thus  test position. if
the coin is of a size to pass the first test, it   3. An apparatus
according to claim 2 20 will pass the second test when it first occludes
wherein the two reference sensors lie on a line 85 both the sensors 14 and
15 either it does not  perpendicular to the coin track and are equi-
occlude sensor 18 or 19 or it occludes the  distant from a line drawn
parallel to the coin sensor 20. A circular coin of the right size to  track
and approximately half the mean pass the first test will not satisfy this
condition  diameter of the predetermined coin above 25  because it will
occlude both of the sensors 18  the coin track.                    90 and
19 when the sensors 14 and 15 are first   4. An apparatus according to
claim 2 or 3 both occluded and not occlude sensor 20 at  wherein the array
includes a pair of secondary this instant.
sensors the sensors being spaced along a It will be appreciated that the
invention  radius with respect to the coin of the said 30 may be used to
identify non-circular coins  particular denomination at the test position
95 other than the British 50 pence piece, the  such that when a coin of the
said denomin- relative positions of the sensors being varied  ation just
occludes one or other of the refer- according to the shape and size of the
coins.  ence sensors, one of the secondary sensors is It will also be
appreciated that as an altern-  occluded by the coin and the other is not
35  ative to having two reference sensors, two  occluded by the coin.
100 sets of secondary sensors spaced around the    5. An apparatus
according to claim 4 periphery of the coin in the test position, may
wherein the two secondary sensors lie on a be provided. As an alternative
to using a pair  line substantially parallel to the coin track. of
secondary sensors with a reference sensor    6. An apparatus according to
claim 1, 2, 40  on each chord, the invention may be applied  3, 4 or 5
further including means for sensing 105 to an arrangement in which only one
secon-  that the coin is non-circular. dary sensor is used on each chord
and the    7. An apparatus according to claim 6 duration of concurrent
occlusion of the  when appendant to claim 2, 3, 4 or 5 in reference sensor
and secondary sensor is  which the means for sensing that the coin is 45
examined to see if it falls within a predeter-  non-circular comprise two
further sensors, 110 mined tolerance range as in the embodiment  positioned
so that when a coin of the said of Figures 6 and 7 of Patent No. 1, 272,
560. denomination is in the test position, and the Although in the
embodiment described the  coin is just obscuring both of the reference
sensors 14 and 15 are arranged equidistant  sensors, the coin will not
obscure both of the 50 from and on opposite sides of the line D/2  said
further sensors, but when a circular coin 115 above the track, alternative
arrangements  of a diameter such that it has a chordal are possible in
which the reference sensors  dimension along one of the said reference lie
on opposite sides of a radius which makes  lines corresponding to the
chordal dimension an angle to the track. Similarly the secondary  for a
coin of the said denomination, is at the 55. sensors may be at other
positions around the  said test position and the coin is just obscuring 120
periphery of the coin in the test position.  both of the reference sensors
it will obscure 



The testing apparatus according to the  also both of the further sensors,
and logic invention may be used in conjunction with  means for providing an
indication when the other coin testing apparatus such as the con-  two
reference sensors are first concurrently 60  ductivity testing apparatus
described in the  occluded and one or both further sensors is 125
aforementioned patent.                    not concurrently occluded. 8. An
apparatus according to claim 7 WHAT WE CLAIM IS:-
including another sensor positioned substan- 1. An apparatus for
identifying coias of a  tially on the perpendicular bisector of the 65
particular denomination of non-circular coin  reference sensors at a
position such that it is 130    4
1,580;425                                       4 not obscured by a
circular coin of such a  the comparing means determines the dimen- diameter
that it--has a chordal dimension  Sion of the coin along the corresponding
line along one of said reference lines correspond-  to be equal to the
dimension of a coin of the ing to the chordal dimension of a coin of the
particular denomination to within a pre- 5  said denomination when the
reference sensors  determined tolerance, the tolerance for each are first
concurrently occluded but it obscured  comparing means taken alone being
such as by a coin of the said denomination when the  to reject a
substantial proportion of coins of reference  sensors are first
concurrently  the said particular denomination. occluded, and logic means
for providing an    10. An apparatus according to claim 9  50 10 indication
when the two reference sensors are  wherein the array includes a pair of
secon-  - first concurrently occluded and the said other  dary sensors, the
secondary sensors being sensor is concurrently occluded          positioned
with respect to the coin of the 9. An apparatus for identifying coins of a
particular denomination at the test position particular  denomination  of -
non-circular  such that when a coin of the said denomin- 55 15 multi-sided
coin comprising a coin passage-  ation just occludes one or other of the
refer - way with a coin track defining a path along  ence sensors one of
the secondary sensors is the coin passageway and means for examin-
occluded by the coin and the other is not ing a coin at a test position on
the coin track,  occluded by the coin. the coin examining means comprising
an    11. An apparatus according to claim 9 or 60 20  array of coins
sensors and including a refer-  10 wherein the secondary sensor or sensors
ence sensor and at least one secondary sensor  for the first line and the
secondary sensor or spaced along a fitst line fixed relative to the
sensors for the second line are the same sen- test position, a reference
sensor and at least  sors. one secondary sensor spaced along a second
12. An apparatus according to claim 9, 65 25 line fixed relative to the
test position, one  10 or 11 in which the reference lines extend sensor of
one line being spaced circumferen-  to either side of a line parallel to
the coin tially relative to a coin at the test position  track. from one
sensor of the other line by less than    13. An apparatus according to
claim 9, the side length of a coin of the said particular  10, 11 or 12 in
which the spacing of the 70 30 denomination, first means fot comparing the
secondary sensors from their respective ref- dimension of a coin at the
test position against  erence sensors are the same on both reference the
sensors of the first line when an edge of the  lines. coin passes the
reference sensor on the first   14. An apparatus for identifying multi-
line, and second means for comparing the  sided coins substantially as
described herein- 75 35  dimension of the coin at the test position  before
with reference to the drawings accom- against the sensors of the second
line when  panying the provisional specification. an edge of the coin
passes the reference sensor on the second line and at substantially the
REDDIE & GROSE, same time -as the comparison by the first         Agents
for the Applicants, 40  comparing means, the examining means
16 Theobalds Road, issuing an acceptance signal if either one of
London WC1X 8PL. Printed for Her Majesty's Stationery Office by Burgess &
Son (Abingdon), Ltd.-1980. Published at The Patent Office, 25 Southampton
Buildings, London, WC2A lAY, from which copies may be obtained.    


