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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an extremely
highly reliable method and apparatus for identifying a
coin, which is suitable for use in a coin handling machine
such as a coin sorting machine, a coin receiving machine
and a coin packing machine, and is also capable of ex-
actly identifying what kind a coin belongs to and whether
a coin is a true one.

2. Description of the Related Art

[0002] Asapriorart, there has beenknown acoiniden-
tifying apparatus such as that which was disclosed in
Japanese Patent N0.2567654. Such kind of coin identi-
fying apparatus is capable of exciting an oscillating coll
with a high frequency and a low frequency, obtaining a
sum of the output attenuations of various frequencies fed
from a data receiving coil, identifying coins in accordance
with different outputs indicating that a coin is a clad coin
(a bimetallic coin) having its entire surface formed by an
identical material or indicating that a coin is made of only
single one material and single one structure. Here, what
is meant to be a clad coin is an example shown in FIG.
1, which is a three-layer structure (front surface, imme-
diate body and back surface) made of different materials,
using aluminium (Al) or copper as its core layer which is
covered on both sides thereof by a copper-nickel (cuNi).
In general, an output signal indicating a copper-nickel
coin will have a different signal level from that of an output
signal indicating a clad coin which is made of a copper-
nickel only on the surface thereof.

[0003] However, with the above conventional appara-
tus, there is a problem that it is impossible to exactly
identify a clad coin. This is because there may be existing
other kind of a coin which is made of single one material
but which will produce the same output level as that of a
clad coin made of a copper-nickel only on the surface
thereof.

SUMMARY OF THE INVENTION

[0004] The present invention has been accomplished
in view of the above problems, its object is to provide an
extremely highly reliable coin identifying method and an
apparatus therefor, capable of exactly identifying a clad
coin without having to pay attention to what kind it is.

[0005] The presentinvention relates to (a method and)
an apparatus for identifying a coin. The presentinvention
is the following manner. Namely, said method employs
an eddy current loss detecting type magnetic sensor
comprising coils, which said magnetic sensor being
formed by arranging an exciting coil and a reflection de-
tecting coil on the same side with respect to a coin to be
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identified, said method includes exciting the exciting coil
by synthesizing together at least three kinds of frequen-
cies, calculating an attenuation rate ((a-b)/a) for various
frequencies by dividing the attenuation (a-b) of the output
of the reflection detecting coil caused by a coin by the
output signal level of the reflection detecting coil at a time
of stand-by (a) when there is no coin, where the attenu-
ation (a-b) of the output of the reflection detecting coil
caused by a coin is defined by the difference between
the output signal level of the reflection detecting coil at a
time of stand-by (a) and the minimum value (b) of the
output signal level of the reflection detecting coil during
the detection when a coin passes, thereby performing
the coin identification.

[0006] Further, the present invention provides the fol-
lowing means including an exciting coil to be exited by
synthesizing together at least three kinds of frequencies,
a reflection detecting coil wound around the same core
for winding the exciting coil, a separating means for sep-
arating a plurality of the frequency components from the
output of the reflection detecting coil, an identifying
means capable of operating in accordance with a plurality
of the frequency components separated by the above
separating means, dividing the attenuation (a-b) of the
output of the reflection detecting coil caused by a coin
by the output signal level of the reflection detecting coil
at a time of stand-by (a) when there is no coin, where the
attenuation (a-b) of the output of the reflection detecting
coil caused by a coin is defined by the difference between
the output signal level of the reflection detecting coil at a
time of stand-by (a) and the minimum value (b) of the
output signal level of the reflection detecting coil during
the detection when a coin passes, thereby calculating an
attenuation rate ((a-b)/a) for various frequencies, thus
performing the coin identification.

[0007] Further, preferred embodiments of the method
and the apparatus in accordance with the invention are
given in dependent claims 2 and 3, as well as claims 5
through 9, respectively.

[0008] European patent publication nos. 0 336 018
(Nippon), 0 886 247 (Nat) and 0 566 154 (Nippon) all
relate to a method and an apparatus for discriminating
coins, wherein an exciting coil and a transmission detect-
ing coil are arranged at opposite sides of a coin to be
identified. Clad coin cannot be discriminated therewith.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the accompanying drawings:

FIG.1 is an outer appearance view illustrating one
example of a clad coin;

FIG.2 is a brief construction illustration of the coin
sorting machine;

FIG.3 is a structural view schematically illustrating a
wire arrangement showing one example of a mag-
netic sensor used in the present invention;

FIG.4 is an arrangement structural view indicating
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one example of a detecting core and an exciting core
for use in the magnetic sensor;

FIG.5 is a view indicating a condition showing how
the relation to various frequencies, thereby calculat-
ing an attenuation rate, while at same time operating
in accordance with an output of the transmission de-
tecting coil to detect the outer appearance of the coin
so as to identify the same.

[0010] The present invention relates to a method of
identifying a coin, wherein said coin is constructed by
three layers of a front surface, an immediate body and a
back surface, and said front surface is acted by at least
afirstfrequency, said immediate body is acted by at least
a second frequency and said back surface is acted by at
least a third frequency, by using at least said three fre-
guencies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the accompanying drawings:

FIG.1 is an outer appearance view illustrating one
example of a clad coin;

FIG.2 is a brief construction illustration of the coin
sorting machine;

FIG.3 is a structural view schematically illustrating a
wire arrangement showing one example of a mag-
netic sensor used in the present invention;

FIG.4 is an arrangement structural view indicating
one example of a detecting core and an exciting core
for use in the magnetic sensor;

FIG.5 is a view indicating a condition showing how
the detecting core and the exciting core are wound
by a transmission detecting coil, an exciting coil and
a reflection detecting coil;

FIG.6 is a view indicating an example showing how
a shield plate is provided in the magnetic sensor;
FIG.7 is a view showing an outer appearance of the
magnetic sensor;

FIG.8 is a view of a condition indicating how a coin
is identified in the magnetic sensor;

FIG.9 is a block diagram indicating an example of a
circuit used in the coin identifying apparatus of the
present invention:

FIG.10 provides waveform graphs indicating opera-
tion examples of the present invention;

FIG.11 provides waveform graphs indicating opera-
tion examples of the present invention;

FIG.12 is a graph indicating examples of the char-
acteristics of the reflection detection;

FIG.13 is a graph indicating examples of the char-
acteristics of the transmission detection;

FIG.14 is a graph indicating examples of the char-
acteristics of the reflection detection;

FIG.15 is a graph indicating examples of the char-
acteristics of the transmission detection; and
FIG.16 is a structural view schematically illustrating
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a wire arrangement showing another example of a
magnetic sensor used in the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0012] First, a coin sorting machine 300 will be ex-
plained with reference to FIG.2, and the presentinvention
is applicable to the coin sorting machine 300.

[0013] FIG.2 illustrates an embodiment of a coin sort-
ing machine, a rotary circular plate 301 is freely rotatably
supported on a base plate 302 by means of a shaft 301A.
The outer periphery portion of the rotary circular plate
301 is covered by a circumferential wall 303. Then, on
the base plate 302 there is fixed a bottom plate 304 whose
upper surface forms an identical plane with the upper
surface of the rotary circular plate 301. The bottom plate
304 is provided with two coin passage wall members 305
and 306, and is further formed with a coin stop passage
310, whose downstream side is provided with several
coin sorting holes 320A, 320B, ... 320F, thereby forming
a coin sorting passage 320. The inlet side of the other
passage wall member 305 is provided with a roller 330A
which is located on the circumferential edge of the rotary
circular plate 301. On the other hand, the inlet side of the
other passage wall member 306 is disposed along a
straight line direction of the circumferential edge of the
circular rotary plate 301. Further, the passage wall mem-
ber 305 is formed with a notch 330B so that a coin stop-
ping member 331 is allowed to escape therethrough.
[0014] Onthe other hand, at a front end in a coin send-
ing direction of the coin stop passage 310, there is pro-
vided a magnetic sensor 100 which is used as a first
counting means and employs a magnetic sensor for mag-
netically detecting a coin. A coin 340 passing there-
through will be detected, while the denomination of the
money and the number of the coins will be detected and
counted by a money denomination discriminating section
(not shown). Moreover, the upper surface of the coin
stopping member 331 is protruding from the upper sur-
face of the bottom plate 304, and is connected through
a connecting piece member of a solenoid which is not
shown in the figure. Then, at a time when the solenoid
is not excited, by virtue of an internal spring and in a
manner shown by a solid line in the figure, the passing
of a coin will not be hampered since the stopping member
will be caused to retract to move into the notch of the
passage wall member 305. However, at a time when the
solenoid is excited, as shown by a chain line in the figure,
the movement of the coin 340 will be stopped since the
stopping member is protruding on to the coin passage
way. In addition, on the upper surface of the coin stop
passage 310, there is provided an introduction belt 311
extending from an inlet entrance above and over the ro-
tary circular plate 301. Such introduction belt 311 is
wound around pulleys 312 and 313. Then, the pulleys
312, 313 are provided at predetermined height positions
(at which the belt 311 can get contact with the upper
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surface of the coin 340 with a predetermined pressure,
and can send or feed the coin 340) with respect to the
upper surface of the coin stop passage 310.

[0015] Nevertheless, the front portion of the transport-
ing belt 314 is wound around the pulleys 315, 316, and
is bent by a right angle towards a direction of the coin
sorting passage 320, by virtue of a pulley 317. Further,
the end of the passage wall member 306 has a bent side
surface 318 capable of guiding the coin 340 to cause it
to move along a bent portion of the transporting belt 314.
[0016] On the other hand, on the coin sorting passage
320 of the bottom plate 304, there are formed sorting
groove holes 320A, 320B, ... ,.320F which are arranged
in the order beginning with a hole for passing a smallest
diameter coin and ending with a hole for passing a largest
diameter coin. In front of the sorting groove holes 320A,
320B, ... ,320F, there are provided magnetic sensors
321Ato 321F which are used as second detecting means
for magnetically detecting the passing of the coins 340.
Further, on the upper portions of the sorting groove holes
320A to 320F, there are provided straight linear sending
belts 322A and 322B each having a circular cross section.
One of the sending belts 322A and 322B is wound around
a pulley 323, while the other of them is wound around a
pulley 316 located on the downstream side of the trans-
porting belt 314. Here, reference numeral 324 is used to
represent a guide roller which is located on the upper
portions of the sorting groove holes 320A, 3208, ... 320F,
for preventing an upward floating of the sending belts
322A and 322B, and for guiding the movement of the
belts 322A and 322B in the horizontal direction. Refer-
ence numeral 325 is used to represent a pulley located
on the middle portions of the sorting groove holes 320A,
320B, ... 320F, for preventing an upward floating of the
sending belts 322A and 322B, and for preventing the
movement of the belts 322A and 322B in the horizontal
direction. Moreover, reference numeral 326 is used to
represent a positioning roller for guiding and positioning
the coins 340 in order that the coins 340 may be sent to
the formal positions on the sorting groove holes 320A,
320B, ... ,320F. Reference numerals 327A to 327E are
used to represent reference rollers having the same di-
ameters and the same shapes, which are provided on
side portions corresponding to various sorting holes
320A to 320E, capable of restricting one side position of
each coins 340, and deciding a passing rail with respect
to the sorting holes 320A to 320E. Therefore, these ref-
erence rollers 327A to 327E are arranged to be in parallel
with the belts 322A and 322B. With respect to this, the
positioning roller 326 is located in a manner such that
the outer periphery surface thereof is positioned in front
of the reference rollers 327A to 327E, as shown in FIG.
2, while the bent side surface 318 of the passage wall
member 306 is located further before the outer periphery
surface of the roller 326. For this reason, coins below the
transporting belt 314 is allowed to get in contact with the
bent side surface 318 so as to be guided to gradually
change its moving direction under the transporting belt
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314 and at the same time to move to a position under
the pulley 316. At this moment, the coin gets in contact
with the periphery surface of the positioning roller 326 so
that its position is determined, and it is moved in parallel
with the belts 322A and 322B, so as to come into contact
with the reference rollers 327A to 327E during its move-
ment.

[0017] Ontheotherhand,inthe vicinity ofthe reference
roller 327A, the belts 322A and 322B are movably guided
in the horizontal direction by virtue of the guide roller 324,
while its horizontal movement back and forth is restricted
by the pulleys 316, 325. Accordingly, there is no sliding
movement between the coin 340 and the belts 322A and
322B, the change in its advancing movement caused by
a contact between the coin and the periphery surface of
the reference rollers will cause a deflection in the hori-
zontal direction between the pulleys 316and 325 of the
belts 322A and 322B. A restoring force of the belts 322A,
322B caused due to such a deflection may in contrast
serve as a coin’s pressing force to be exerted on the
reference rollers 327A to 327F, while the coin itself will
be moved along the periphery surfaces of the reference
rollers 46A to 46E. After that, as soon as the coin arrives
at the most outwardly protruding points on the outer pe-
riphery surfaces of the reference rollers 327A to 327E (a
position where the guide roller 324 is provided, shown in
FIG.2), the coin will be positioned on to the sorting groove
hole 320A. If it is a kind of coin corresponding to the
sorting groove hole 320A, since the size of the most out-
wardly protruding point on the periphery surface of the
reference roller 327A and the size of an opposite edge
portion of the sorting groove hole 320A are slightly larger
than the diameter of the coin of this kind of money, a coin
edge portion located opposite to the referenceroller 327A
will be deviated from the bottom plate 304, so that the
coin will be quickly dropped into the sorting groove hole
320A, by virtue of a pressing force of the guide roller 324
and the belts 322A, 322B, so as to be received into a
temporary retaining box or a money safe box (both of
them are not shown in the figure). The coins not coinci-
dent with the sorting groove hole 320A will be further
moved along the surface of the reference roller 327A, by
virtue of a pressing force of the belts 322A, 322B and a
horizontal restoring force, so as to be returned to its mov-
ing path before coming into contact with the reference
roller 327A. At this moment, the coin gets into contact
with the nextreference roller 327B and receives the same
motion as the above, so as to be dropped into a corre-
sponding groove hole of the sorting groove holes 320B
to 320F, thereby receiving coin into a money safe box
(notshown). Nevertheless, a restriction on the horizontal
movement of the belts 322A and 322B with respect to
the second one onwards along the sorting groove holes
320B to 320F, may be performed with the use of the
pulley 325 positioned before or after the sorting hole.
Further, the sizes of the sorting groove holes 320A to
320F in a direction orthogonal to the belts 322A, 322B
are slightly smaller than the diameters of the coins.
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[0018] FIG.3 is used to schematically indicate the
structure of a magnetic sensor 100 made according to
the present invention. A transmission detecting coil 11 is
wound around a plate-like detecting core 10 shown in
FIG.4, so that a detection signal DT1 may be outputted
from the transmission detecting coil 11. Further, as
shown in FIG.4, a plate-like exciting core 20 having two
notch portions on the upper center thereof is wound by
an exciting coil 21, while a projection 22 located between
the two notch portions is wound by a reflection detecting
coil 23, so that a detection signal DT2 may be outputted
fromthe reflection detecting coil 23. On the central portion
of the magnetic censor 100, there is provided a passage
1 through which a coin to be detected is transported and
is allowed to pass. The exciting coil 21 and the reflection
detecting coil 23 are used to form an eddy current loss
type magnetic sensor, with the detection thereof being
referred to as a reflection detecting in the present inven-
tion. Nevertheless, the exciting coil 21 is excited by an
excitation electric source 30, and a detection signal DT1
is outputted from the transmission detecting coil 11, while
a detection signal DT2 is outputted from the reflection
detecting coil 23. FIG.5 is used to indicate a condition
where the transmission detecting coil 11 is wound around
the detecting core 10, meanwhile the exciting coil 21 is
wound around the exciting core 20, and the reflection
detecting coil 23 is wound around the projection 22.
[0019] Further, FIG.6 is used to illustrate a condition
where Permalloy shield plates 12 and 24 are mounted
on the outsides of the detecting core 10 and the exciting
core 20, with the shield plates 12 and 24 being used to
shut off an external magnetism. Further, the magnetic
sensor 100 of the present invention is formed as having
a passage 1 whose surface is formed by a wear resistant
material 2. The passage 1 is formed between upper and
lower sensor sections, with the use of an integral molding
treatment (3) as shown in FIG.7, which is a method dis-
closed by the applicant in Japanese Patent Laid-open
N0.9-73568. The exciting core 20 (an exciting coil 21, a
reflection detecting coil 23) is received into the sensor
lower portion molded into a U-like shape, while a detect-
ing core 10 (a transmission detecting coil 11) is received
into the sensor upper portion molded into a rectangular
parallelepiped shape. A sensor case is formed by a ce-
ramic, a PPS resin or the like, with the sensor upper por-
tion and the sensor lower portion being separable from
each other by using screw means. FIG.8 is used to indi-
cate a condition in which the magnetic sensor 100 is be-
ing used to detect a coin, where a coin 200 is caused to
pass through a passage 1 by means of a transporting
belt 4, thereby performing the identification of the coin
200 when it is in passing.

[0020] FIG.9 is used to indicate an example showing
an excitation electric source 30 and an detecting circuit
(detecting a reflection) of the magnetic sensor 100. The
excitation electric source 30 includes four oscillators 31,
32, 33 and 34 of different oscillating frequencies, with
their frequency outputs (in this example, 2 KHz, 10 KHz,
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50 KHz, 200 KHz) being added together in an adding
amplifier 35 so as to be amplified, thereby exciting the
excitation coil 21 of the magnetic sensor 100, with the
use of the added excitation signal and by way of a driving
circuit 36. The detection signal DT2 fed from the reflection
detecting coil 23 of the magnetic sensor 100 is fed into
four kinds of band pass filters (BPF) 41, 42, 43 and 44
by way of an amplifier 40, so as to be separated into the
above different frequency components. Then, the sepa-
rated different frequency signals are respectively passed
through full wave rectifying circuits (51, 52, 53, 54) and
low pass filters (LPF) (61, 62, 63, 64), so as to obtain
direct current levels. Further, these different frequency
signals are passed through A/D converters (71, 72, 73,
74), so as to be outputted as digital detection signals
SG1, SG2, SG3, SG4. The detection signals SG1, SG2,
SG3, SG4 are then fed to an identifying means which will
be described later, thereby performing the coin identifi-
cation. Moreover, the detection signal DT1 fed from the
transmission detecting coil 11 is fed to the identifying
means, so as to be used for detecting the outer appear-
ance (diameter) of a coin. However, although in the
present example, four kinds of different frequencies have
been used, it is also possible to use three kinds of fre-
gquencies. At this time, they may be 2 KHz, 10 KHz and
50 KHz.

[0021] Withregard to the above constitution, an exam-
ple of an operation will be described. FIG.10 and FIG.11
are used to indicate examples of several wave forms of
the excitation signal and the detection signal. Here, in
order to make a simplified description, the following ex-
planation will be made using only two kinds of frequen-
cies.

[0022] FIG.10is used to indicate a process beginning
with the excitation of the magnetic sensor 100 by syn-
thesizing together several frequency components and
ending with the separation of different frequency compo-
nents of the detection signal. (A) of the figure is used to
indicate an excitation signal of a low frequency, while (B)
of the figure is used to indicate an excitation signal of a
high frequency. These excitation signals are synthesized
in an adding amplifier 35, and are applied through a driv-
ing circuit 36 to the exciting coil 21 of the magnetic sensor
100. Therefore, the synthesized signal applied to the ex-
citing coil 21 will become that as shown in (C) of FIG.10.
Then, the detection signal DT2 outputted from the reflec-
tion detecting coil 23 of the magnetic sensor 100 will be-
come that as shown in (D) of FIG.10, which is a wave
form corresponding to the excitation signal. Such signal
will then be fed to band pass filters 41 to 44. Here, for
example, only a low frequency signal as shown in (E) of
the figure will be extracted corresponding to each band
pass frequency. Nevertheless, although there has been
described the synthesizing and separation of two kinds
of frequency signals, the above description is also suit-
able for a case dealing with four kinds of frequency sig-
nals.

[0023] On the other hand, FIG.11 is used to indicate
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an example for processing a high frequency signal ob-
tained by frequency-separating the detection signal DT2
fed from the magnetic sensor 100. (F), (G), (H) of the
figure are used to indicate examples of the wave forms
(at a time of stand-by) when there is no coin, while (1),
(J), (K) of the figure are used to indicate examples of the
wave forms (at a time of detection) when a coin posses.
Further, (F) and (I) of FIG.11 are respectively used to
indicate examples of the wave forms fed from the band
pass filters (41 to 44), (G) and (J) of the figure are re-
spectively used to indicate examples of the wave forms
fed from the full wave rectifying circuits (51 to 54), (H)
and (K) the figure are respectively used to indicate ex-
amples of the wave forms fed from the low pass filters
(61 to 64). The output signals shown in (H) and (K) of
FIG.11 are converted into digital detection signals (SG1
to SG4) by A/D converters (71 to 74), so as to be used
in coin identifying process carried out by an identifying
means. Here, FIG.11(K’) is an enlarged graph obtained
by enlarging FIG.11(K) in the direction of the vertical axis.
If "a" is used to represent an output signal level at a time
of stand-by, and if "b" is used to represent a minimum
value of an output signal level during the detection, an
output attenuation (a - b) caused by a coin, may be con-
verted into a standardized value in accordance with the
outputsignal level a at atime of stand-by, and such stand-
ardized value is referred to as an attenuation rate (a - b)
/a, and is used as a characteristic amount for coin iden-
tification. The identifying means is used to perform the
coin identification with the use of such standardized val-
ue. Although there will occur some irregularities in output
signal level due to some irregularities in the magnetic
sensor 100 and the signal processing circuit, itis possible
to absorb such irregularities by performing a standardi-
zation in accordance with the output signal level "a" as
in the above manner. However, the identifying means is
capable of performing a comparison between various
characteristic amounts and determination ranges set in
advance for each denomination of coin, thereby identi-
fying whether a coin is true one or not.

[0024] FIG.12is used to indicate an example showing
some attenuation rates determined by detecting the re-
flection (detection signal DT2) of four kinds of coins of
different structures, including an Al coin and a CuNi coin
each having a monometal structure (a monomer struc-
ture), a CuNi/Al/CuNi three-layer coin having a bimetallic
structure (a clad structure), and an Al/CuNi/Al three-layer
coin. If a coin is made of a clad structure having a diam-
eter of 26 mm and a thickness of 2 [mm], its front and
back skin layers will each have a thickness of 0.5 [mm],
while its middle core layer will have a thickness of 1 [mm].
In FIG.12, there are indicated plots according to six kinds
of frequencies, but in the identifying apparatus it is not
necessary to have six kinds of frequencies. Here, when
in a high frequency, the attenuation rate will depend upon
the material properties of the surface layer. When in a
low frequency, the attenuation rate will depend also upon
the material properties of the middle layer. For this rea-
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son, if the attenuation rates at the above four kinds of
frequencies (2 KHz, 10 KHz, 50 KHz, 200 KHz) are com-
pared with the criteria decided in advance, it is allowed
to identify the above four kinds of coins. On the other
hand, when the attenuation rate changes with tempera-
ture, aresultwill be like that as recited in Japanese Patent
Laid-open N0.9-73568. Namely, it is allowed to perform
a temperature detection by making use of an electric re-
sistance change caused by a temperature change of the
exciting coil, so as to detect an ambient temperature and
to carry out a correction in accordance with the ambient
temperature. FIG.13 is used to indicate an example
showing an attenuation rate depending on atransmission
detection (detection signal DT1) of four kinds of coins
having different structures shown in FIG.12. In a case of
transmission detection, since an output attenuation rate
has nothing to do with an arranging order of the layers,
itis impossible to discriminate the above two kinds of the
clad structures.

[0025] Further, FIG.14 and FIG.15 are respectively
used to indicate examples showing attenuation rates of
reflection detection and transmission detection of a coin
which is formed by clamping a ferromagnetic material
with a second layer. In FIG.14, when a ferromagnetic
material is clamped as the second layer, an output is
increased instead of being attenuated in a low frequency
area (coming to aminus area). Therefore, itis understood
that a related material is a ferromagnetic material. How-
ever, with respect to FIG.15, even when a ferromagnetic
material is clamped as the second layer, an output at a
low frequency area is attenuated (plus area in the graph).
Therefore, it is not understood that the material is a fer-
romagnetic material by only the transmission detection.
[0026] Inthis way, although in the transmission detec-
tion it is not possible to detect a difference in the order
of the layers of a coin having a clad structure, nor is it
possible to detect a ferromagnetic material, such kinds
of detections will be successful with the use of reflection
detection. With such reflection detection, since the atten-
uation rate will decrease once there occurs a floating of
a coin during the transportation thereof, it is required that
a discrimination range must be made large in order to
deal with the floating of the coin. However, if this is done,
a result will be that a precision of identification will be
decreased. In order to perform coin identification without
causing a decrease in the precision, what is required is
that various attenuation rates at various frequencies are
divided by an attenuation rate at any optional frequency,
thereby obtaining standardized values which are used to
carry out the coin identification. Further, it is also allowed
not to perform the above identification at discrete fre-
quencies as described inthe above, instead, itis required
to store continuous output levels at various frequencies
under a condition where the excitation frequencies are
swept during a stand-by period, to stop the coin on the
magnetic sensor, to sweep the excitation frequencies, to
calculate continuous output level at each detected fre-
quency, thereby obtaining a wave form of continuous at-
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tenuation rate for each frequency, thus performing the
identification in accordance with such wave form.
[0027] FIG.16 is used to indicate a modified embodi-
ment (100A) of the magnetic sensor used in the present
invention, in which the detecting core is divided into two
sections, transmission detecting coils 11A and 11B are
wound around the two divided cores, in a manner such
that a coin transporting belt 4 may be easily passed
through a passage 1.

[0028] Nevertheless, if the above reflection detection
is combined with the transmission detection (for example,
an attenuation rate at 200 KHz) for detecting the diameter
(outer appearance), it is sure to further improve a preci-
sion in coin identification. Moreover, in order to stabilize
signals, it is possible for a pre-amplifier to be contained
within the magnetic sensor.

[0029] As described in the above, with the use of the
coin identifying method and the apparatus according to
the present invention, since it is possible to detect not
only the material property of a coin, but also the layer
structure thereof, it is sure to further improve an identi-
fying capability for identifying true or false of a coin.
Therefore, itis also exactly possible to identify a clad coin.

Claims

1. A method of identifying a coin (340), characterized
in that said method employs an eddy current loss
detecting type magnetic sensor (100) comprising
coils, which said magnetic sensor (100) being
formed by arranging an exciting coil (21) and a re-
flection detecting coil (23) on the same side with re-
spect to a coin (340) to be identified, said method
includes exciting the exciting coil (21) by synthesiz-
ing together at least three kinds of frequencies, cal-
culating an attenuation rate ((a-b)/a) for various fre-
guencies by dividing the attenuation (a-b) of the out-
put of the reflection detecting coil (23) caused by a
coin (340) by the output signal level of the reflection
detecting coil (23) at a time of stand-by (a) when
there is no coin (340), where the attenuation (a-b) of
the output of the reflection detecting coil (23) caused
by a coin (340) is defined by the difference between
the output signal level of the reflection detecting coil
(23) at a time of stand-by (a) and the minimum value
(b) of the output signal level of the reflection detecting
coil (23) during the detection when a coin (340) pass-
es, thereby performing the coin identification.

2. A method of identifying a coin (340) according to
Claim 1, wherein the attenuation rates at the above
various frequencies is divided by an attenuation rate
at a specific frequency so as to effect a standardiza-
tion.

3. A method of identifying a coin (340) according to
Claim 1 or 2, wherein the above coin identification
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is performed in accordance with an output of a trans-
mission detecting coil (11) provided facing the above
exciting coil (21) and the reflection detecting coil (23).

An apparatus for identifying a coin (340), character-
ized in that said apparatus comprises an exciting
coil (21) to be excited by synthesizing together at
least three kinds of frequencies, a reflection detect-
ing coil (23) wound around the same core for winding
the exciting coil (21), a separating means for sepa-
rating a plurality of the frequency components from
the output of the reflection detecting coil (23), an
identifying means capable of operating in accord-
ance with a plurality of the frequency components
separated by the above separating means, dividing
the attenuation (a-b) of the output of the reflection
detecting coil caused by a coin (340) by the output
signal level of the reflection detecting coil (23) at a
time of stand-by (a) when there is no coin (340),
where the attenuation (a-b) of the output of the re-
flection detecting coil (23) caused by a coin (340) is
defined by the difference between the output signal
level of the reflection detecting coil (23) at a time of
stand-by (a) and the minimum value (b) of the output
signal level of the reflection detecting coil (23) during
the detection when a coin (340) passes, thereby cal-
culating an attenuation rate ((a-b)/a) for various fre-
guencies, thus performing the coin identification

An apparatus for identifying a coin (340) according
to Claim 4, wherein the attenuation rates at the above
various frequencies is divided by an attenuation rate
at a specific frequency so as to effect a standardiza-
tion.

An apparatus for identifying a coin (340) according
to Claim 4 or 5, wherein the above separating means
comprises a band pass filter (41, 42, 43, 44), a full
wave rectifying circuit (51, 52, 53, 54), a low pass
filter (61, 62, 63, 64), and an A/D converter (71, 72,
73, 74), the above identifying means is capable of
performing a calculation with the use of a digital val-
ue.

An apparatus for identifying a coin according to
Claim 4 or 5, wherein said frequencies are four kinds
and are 2 KHz, 10 KHz, 50 KHz and 200 KHz.

An apparatus for identifying a coin (340) according
to Claim 4, further comprises a transmission detect-
ing coil (11) wound around a detecting core (10) fac-
ing the core (20) for winding the exciting coil (21),
and operates in accordance with an output of the
transmission detecting coil (11) to detect the outer
appearance of the coin (340) so as to identify the
same.

An apparatus for identifying a coin (340) according
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to Claim 8, wherein said detecting core (10)is divided
two portions and transmission detecting coils are re-
spectively wound around said divided two portions.

Patentanspriiche

1.

Verfahren zur Identifizierung einer Miinze (340), da-
durch gekennzeichnet, dall das Verfahren einen
magnetischen Sensor (100) von Wirbelstromverlust
detektierender Bauart mit Spulen benutzt, wobei ge-
nannter magnetischer Sensor (100) durch Anordnen
einer Erregerspule (21) und einer Reflexionsdetek-
tionsspule (23) auf derselbe Seite in Bezug auf eine
zu identifizierende Miinze (340) ausgebildet ist, wo-
bei genanntes Verfahren Erregen der Erregerspule
(21) durch Zusammensetzen von wenigstens drei
Arten von Frequenzen, Berechnen einer Damp-
fungsrate ((a-b)/a) fur zahlreiche Frequenzen durch
Teilen der Dampfung (a-b) der Ausgabe der Refle-
xionsdetektionsspule (23), die durch eine Miinze
(340) verursacht ist, durch den Ausgabesignalwert
der Reflexionsdetektionsspule (23) zum Zeitpunkt
von Bereitschaft (a), wenn keine Miinze (340) vor-
handen ist, wobei die Dampfung (a-b) der Ausgabe
der Reflexionsdetektionsspule (23), die durch eine
Miinze (340) verursacht wird, durch die Differenz
zwischen dem Ausgabesignalwert der Reflexions-
detektionsspule (23) zum Zeitpunkt von Bereitschaft
(a) und dem minimalen Wert (b) des Ausgabesignal-
wertes der Reflexionsdetektionsspule (23) wahrend
der Detektion des Durchgangs einer Miinze (340)
definiert ist, wodurch die Miinzidentifizierung durch-
gefihrt wird.

Verfahren zur Identifizierung einer Minze (340)
nach Anspruch 1, dadurch gekennzeichnet, daf3
die Dampfungsraten bei den genannten zahlreichen
Frequenzen durch eine Dampfungsrate bei einer
speziellen Frequenz geteilt werden, um eine Nor-
mierung vorzunehmen.

Verfahren zur ldentifizierung einer Minze (340)
nach Anspruch 1 oder 2, dadurch gekennzeichnet,
dall genannte Minzeidentifizierung gemaf einer
Ausgabe einer Transmissionsdetektionsspule (11)
durchgefiihrt wird, die zur genannten Erregerspule
(21) und der Reflexionsdetektionsspule (23) ge-
wandt vorgesehen ist.

Vorrichtung zur Identifizierung einer Miinze (340),
dadurch gekennzeichnet, daR genannte Vorrich-
tung eine Erregerspule (21), die durch Zusammen-
setzen von wenigstens drei Arten von Frequenzen
erregbar ist, eine Reflexionsdetektionsspule (23),
die um demselben Kern fur die Wicklung der Erre-
gerspule (21) gewickelt ist, ein Trennmittel zum
Trennen einer Anzahl von Frequenzkomponenten
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von der Ausgabe der Reflexionsdetektionsspule (23)
und ein Identifizierungsmittel umfaRdt, das gemar ei-
ner Anzahl der durch genanntes Trennmittel ge-
trennten Frequenzkomponenten arbeiten kann, wo-
bei es die Dampfung auf (a-b) der Ausgabe der Re-
flexionsdetektionsspule (23), die durch eine Miinze
(340) verursachtwird, durch den Ausgabesignalwert
der Reflexionsdetektionsspule (23) zum Zeitpunkt
der Bereitschaft (a), wenn keine Miinze (340) vor-
handen ist, teilt, wobei die Dampfung (a-b) der Aus-
gabe der Reflexionsdetektionsspule (23), die durch
eine Minze (340) verursacht wird, durch die Diffe-
renz zwischen dem Ausgabesignalwert der Reflexi-
onsdetektionsspule (23) zum Zeitpunkt der Bereit-
schaft (a) und dem minimalen Wert (b) des Ausga-
besignalwerts der Reflexionsdetektionsspule (23)
wéhrend der Detektion einer durchgehenden Miinze
(340) definiert ist, wodurch eine Dampfungsrate ((a-
b)/a) fur zahlreiche Frequenzen berechnet wird und
auf diese Weise die Munzidentifizierung durchge-
fuhrt wird.

Vorrichtung zur Identifizierung einer Miinze (340)
nach Anspruch 4, dadurch gekennzeichnet, dafl3
die Dampfungsraten bei den genannten zahlreichen
Frequenzen durch eine Dampfungsrate bei einer
speziellen Frequenz geteilt werden, um eine Nor-
mierung vorzunehmen.

Vorrichtung zur Identifizierung einer Miinze (340)
nach Anspruch 4 oder 5, dadurch gekennzeichnet,
dall genanntes Trennmittel ein Bandpaffilter (41,
42, 43, 44), eine Ganzwellengleichrichtungsschal-
tung (51, 52, 53, 54), ein Tiefpafifilter (61, 62, 63,
64) und einen A/D-Wandler (71, 72, 73, 74) umfal3t,
wobei genanntes Identifizierungsmittel eine Berech-
nung unter Verwendung eines digitalen Werts durch-
fuhren kann.

Vorrichtung zur Identifizierung einer Miinze nach An-
spruch4 oder5, dadurch gekennzeichnet,dal? ge-
nannte Frequenzen vier Arten sind und 2 kHz, 10
kHz, 50 kHz und 200 kHz sind.

Vorrichtung zur Identifizierung einer Miinze (340)
nach Anspruch 4, dadurch gekennzeichnet, dal3
sie ferner eine Transmissionsdetektionsspule (11)
umfafit, die um einen Detektionskern (10) gewickelt
ist, der zum Kern (20) zum Wickeln der Erregerspule
(21) gewandt ist, und gemal einer Ausgabe der
Transmissionsdetektionsspule (11) arbeitet, um die
auRere Erscheinung der Minze (340) zu detektieren
und dieselbe zu identifizieren.

Vorrichtung zur Identifizierung einer Miinze (340)
nach Anspruch 8, dadurch gekennzeichnet, daf3

genannter Detektionskern (10) in zwei Teile unter-
teilt ist und Transmissionsdetektionsspulen jeweils
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um genannte geteilte beiden Teile gewickelt sind.

Revendications

Procédé d'identification d’'une piece de monnaie
(340), caractérisé en ce que le procédé met en
oeuvre un capteur magnétique (100) du type a dé-
tection des pertes par courants de Foucault compre-
nant des enroulements, ce capteur magnétique
(100) étant formé par disposition d’'un enroulement
excitateur (21) et d'un enroulement (23) de détection
de réflexion du méme c6té par rapport a une piéce
de monnaie (340) a identifier, le procédé comprend
I'excitation de I'enroulement excitateur (21) par syn-
thése d’au moins trois types de fréquences, par cal-
cul d'un taux d'atténuation ((a - b)/a) pour diverses
fréquences par division de l'atténuation (a - b) du
signal de sortie de I'enroulement (23) de détection
de réflexion provoquée par une piéce de monnaie
(340) par le niveau du signal de sortie de I'enroule-
ment (23) de détection de réflexion a un moment
d’attente (a) dans lequel aucune piece de monnaie
(340) n’est présente, I'atténuation (a - b) du signal
de sortie de I'enroulement (23) de détection de ré-
flexion provoqué par une piéce de monnaie (340)
étant définie par la différence entre le niveau du si-
gnal de sortie de I'enroulement (23) de détection de
réflexion au moment de I'attente (a) et la valeur mi-
nimale (b) du niveau du signal de sortie de I'enrou-
lement (23) de détection de réflexion pendant la dé-
tection au cours du passage d’une piéce de monnaie
(340), avec exécution de cette maniéere de l'identifi-
cation de la piece de monnaie.

Procédé d'identification d’'une piece de monnaie
(340) selon la revendication 1, dans lequel les taux
d’'atténuation aux diverses fréquences précitées
sont divisés par un taux d'atténuation a une fréquen-
ce spécifique pour qu'ils soient normalisés.

Procédé d'identification d’'une piece de monnaie
(340) selon la revendication 1 ou 2, dans lequel
I'identification précitée de la piece de monnaie est
exécutée en fonction d'un signal de sortie d'un en-
roulement (11) de détection de transmission disposé
en face de I'enroulement excitateur précité (21) et
de I'enroulement (23) de détection de réflexion.

Appareil d'identification d’'une piéce de monnaie
(340), caractérisé en ce que I'appareil comprend
un enroulement excitateur (21) destiné a étre excité
par synthése d’'au moins trois types de fréquences,
un enroulement (23) de détection de réflexion en-
roulé autour du méme noyau que I'enroulement ex-
citateur (21), un dispositif de séparation destiné a
séparer plusieurs composantes de fréquences du
signal de sortie de I'enroulement (23) de détection
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de réflexion, un dispositif d'identification capable de
fonctionner d’aprés plusieurs composantes de fré-
quence séparées par le dispositif précité de sépara-
tion, de diviser I'atténuation (a - b) du signal de sortie
de I'enroulement de détection de réflexion di a une
piéce de monnaie (340) par le niveau du signal de
sortie de I'enroulement (23) de détection de réflexion
au moment de l'attente (a) lorsqu’aucune piece de
monnaie (340) n'est présente, I'atténuation (a - b)
du signal de sortie de I'enroulement (23) de détection
de réflexion dd a une piéce de monnaie (340) étant
définie par la différence entre le niveau du signal de
sortie de I'enroulement (23) de détection de réflexion
au moment de l'attente (a) et la valeur minimale (b)
du niveau du signal de sortie de I'enroulement (23)
de détection de réflexion pendant la détection au mo-
ment du passage d’'une piéce de monnaie (340),
avec calcul de cette maniéere d’un taux d’atténuation
((a - b)/a) pour diverses fréquences, et avec exécu-
tion de cette maniére de l'identification de la piece
de monnaie.

Appareil d'identification d'une piéce de monnaie
(340) selon la revendication 4, dans lequel les taux
d’atténuation des diverses fréquences précitées
sontdivisés par untaux d'atténuation et une fréquen-
ce spécifiques pour gu’ils soient normalisés.

Appareil d'identification d'une piéce de monnaie
(340) selon la revendication 4 ou 5, dans lequel le
dispositif précité de séparation comprend un filtre
passe-bande (41, 42, 43, 44), un circuit (51, 52, 53,
54) de redressement a deux alternances, un filtre
passe-bas (61, 62, 63, 64) et un convertisseur ana-
logique-numérique (71, 72, 73, 74), le dispositif pré-
cité d'identification étant capable d’'effectuer un cal-
cul par utilisation d’'une valeur numérique.

Appareil d'identification d’'une piéce de monnaie se-
lon la revendication 4 ou 5, dans lequel les fréquen-
ces sont de quatre types et sont a 2 kHz, 10 kHz, 50
kHz et 200 kHz.

Appareil d'identification d'une piéce de monnaie
(340) selon la revendication 4, comprenant en outre
un enroulement (11) de détection de transmission
enroulé autour d’un noyau de détection (10) en face
du noyau (20) de I'enroulement excitateur (21), et
fonctionnant avec un signal de sortie de I'enroule-
ment (11) de détection de transmission pour la dé-
tection de I'aspect extérieur de la piece de monnaie
(340) afin que celle-ci soit identifiée.

Appareil d'identification d’une piéce de monnaie (340)
selon la revendication 8, dans lequel le noyau de dé-
tection (10) est divisé en deux parties et des enrou-
lements de détection de transmission sont enroulés
respectivement autour des deux parties divisées.



EP 1104 920 B1

FIG. 1

10

 CuNi
< Al

CuNi



EP 1104 920 B1

i -YLee N Ovm_" oLZe  9zze alzs qLZE

— - .
e e v —— T,
hw-.-. ) T ’ - \ — . T
. . \
NEVARNANANNN IR
1 VIZ8 p2e 9128 g0 \o128 | OFE | @ozE | @rze £28
908 . |goee  N— Vo2 : 02€ Ve
T = goze 0% aize d1z8 3038
018 — : .
0g \
008
g — —
A CI

20e

11



EP 1104 920 B1

FIG. 3

10

2 2

FIG. 4

12



11 [




EP 1104 920 B1

FIG. 7

8

FIG.

14



6 "OId

-

ZHMO0O0?C

EP 1104 920 B1

i § b=

198 =

*Js0

15

4d7 [ 4dd
vo! VSl v v !
4d | —f« 1d¢
eo’ s/ gv/
4d7 [~ —¢ 1d€
o’  z§ A
4d 7 feA—fe— t~— 4d8
AETY) 1)

ZHYO 1

. *3s0

ZHMZC

l*a80




EP 1104 920 B1

D

(E)

(D)

()

(D

16

(B)

10

FIG.



EP 1104 920 B1

(M)

(1)

TT

()

i

e —————

NIOD SNILSIXA

(9)

W

 NIOD.ONILSIXA ON

"OId

(1)

(d)

17



¢l "OId

ANI v XOoNandayd

EP 1104 920 B1

0000001 000001} 0000} 0001 001
! “ - 1 T ¢ O
] /i
| _
e o 500
_ _ . /
_ . v 4
_ _ A 1'0
A r L-\ ' “ \\1\ \\
} _ \ 1y ¢
{ | B4 \ m—.o
IV/INND/IY  Tvzawae e I " S
INNO/IV/INND TYLAWIE X “ ' / ,\ r\ ¢0
%]V TYIIHONOW w® I “ \\ ,.,. \d_
£4INND TVLIHONOW ¢ " ' Pt “ .
f \\1 7 _ Geco
I P ] \\ '
74T, S 0
e t } \\ |
\\" | \\\\ " .
s | - \l.uﬂ\ ' mﬂ o
ekt il B |
] | |
! ! ! 1 40

THY00Z  ZHMOS THNY

18

IIVY NOIILVANILLY



€T "9Id
(ZH) AoNanda¥d

0000001 . 00000% 00001 0001 001

_ 0\\.1
- "
\ /

\\
-
\ \

'Y 71/

/ |7

EP 1104 920 B1

[
~
—~

IV/INND/IV TYIINIA

INND/IV/INND ~ TvidnId
£4lV TVLIHONOR

C4INND  TYLIWONOH

B X%
-
-~

. / /
K \.. \\\
' v
p)

-ﬂ%m&uﬂnﬂl i

b
- " o —

19

FIWY NOILVANILLY



vT "OId
. (ZH). xoNaNDaYL
0000001

0001

EP 1104 920 B1

INNQ/IV/!'NND
INNO/IN/INND
£xINND

TYLANIE x
IVLAWILE x
AYLINONOH o

N

Y

001

V0~

€0~

L0

FLVY NOILVANILIV

¢0

€0

v

20



EP 1104 920 B1

0000001

INNO/IV/INND
INND/!IN/INND

IVLANIE x
INLINIE

CkINND  TYLIWONOW o

ST 'O

Id

ANI v KONINOIY A

00000k 00OOL - 00Ob 00}
o~ x
/
/
[ M A/
7
X
p
\\
lﬂ;lp.l"l."llhﬁ.“"&'lll&\
x.........lll...llli.....x.\.\..»...u_"ll:..ln-\xll‘ll.x. :

€0

¥0

00

{ZIVY NOIIVANALIY

21



EP 1104 920 B1

11A 118
L

30

FIG. 16

22



	bibliography
	description
	claims
	drawings

