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inductance of an excited coil which is placed phys- ically near the coin
during its travel through the Technical Field
validator. Under these circumstances, the corn is acting as a metallic core
to the coil and effects the The present invention relates generally to the
5   overall terminal inductance seen at the terminals of fields of coin
validation and identification and coin  the particular coil. Measuring a
particular electronic sorting and counting and in particular includes an
parameter, such as the magnitude of an alternating improved electronic coin
sorting apparatus with      current signal of a particular frequency
determines novel and improved coin validation and identifica-  the
inductance of the coil/coin combination in a tion apparatus which also has
utility in the environ-   10   manner which gives information with respect
to the ment of a coin validator.                            metallic
content of the coin. Similarly, various electronic devices for deter-
Background of the Invention                          mining coin diameter
have been used, many of which employ sequentially masked and unmasked The
technical problem solved by the present  is  photodetectors. invention is
the need for high throughput coin iden-    United States Patent 4,086,527
to Cadot shows tification and sorting devices. In particular, it over-  an
apparatus in which a coin is placed between an comes the speed limitations
of prior art devices in  excitation and detection coil to form a part of
the which stepped frequency generators must be used      electromagnetic
circuit. A sequence of excitation to sequentially apply a range of discreet
excitation   20  signals, each having a particular characteristic fre-
frequencies to an excitation coil in a ferromagnetic  quency, is applied to
the excitation coil. The re- circuit, the response of which will identify a
coin.  sponse of the circuit of the output coil is rectified Similar
limitations exist for apparatus which induce  and measured, and compared to
a sequence of pulses of current and measure eddy current decay     values
in a look-up table. The match of the pattern characteristics.
25  of the output responses is used to determine In recent years,
significant advances have been  whether the object under test is one of a
predeter- made in the art of coin identification and validation,  mined set
of valid coins, or should be rejected. The particularly with respect to
electronic validators.  Cadot patent also teaches use of the same mecha-
The basic principles of coin identification and vali-  nism to calibrate
the device to create the look-up dation are well known. In the early days
of coin  30  tables for later use in the validation function. operated
vending machines, mechanical devices           Another example of a modern
all electronic were used to attempt to identify and validate coins
validator is shown in U.S. Patent 4,509,633 to deposited into the machines.
Some of the earliest    Chow. The Chow  apparatus employs sets of machines
simply accepted one denomination of         photodetectors having beams
which cut across the coin and mechanical sizing apparatus was used to  36
coin path through the validator and appropriate determine if the inserted
piece was the proper size  timing circuitry to determine the diameter of a
for that coin denomination. Naturally, such devices  passing coin. An
excited coil is used to detect the were susceptible to the use of slugs.
metallic content. Look-up table values for combina- Later, mechanical
devices based on fundamen-     tions of coil signal and diameter for a
predefined tal kinematics were used to bounce deposited   40  set of valid
coins are employed in order to accept pieces off surfaces of predetermined
resiliencies in  or reject any coin piece inserted into the validator.
order to validate coin mass. The normal discrep-        Another example of
a coin discriminator or ancy encountered between the mass of a slug of a
identifier is shown in U.K. Patent Application given physical size and a
coin would cause the       2,135,095A to Leonard et al. The Leonard appara-
coin to bounce through a path through which it  45  tus uses successively
applied rectangular pulses to could be tallied, and cause the slugs to
bounce to   pairs of coils adjacent the coin path in order to a coin return
path.                                  determine both metallic content and
diameter. The Beginning essentially with the invention of the  fundamental
principle of the Leonard apparatus is transistor, electronic devices for
validating coins  to excite one of the coils in question which induces
started to be used. This trend continued, and ex-  so  eddy currents in the
coin. Once the excitation (a panded greatly as the circuit density of
integrated  rectangular pulse) is removed, the decay of the circuits has
increased through the 1970's and        eddy currents is measured.
Additionally, the Leon- 1980's. In today's world, all electronic validators
ard coin discriminator employs multiple coils of accepting multiple
denominations of coins are in     varying diameters. The eddy currents
induced in common use.                                     55  the coils of
differing diameters will produce dif- One of the older principles of
electronic coin   ferent coil outputs as the eddy currents decay. In
validation is determination of the metallic content of  this manner, a
sequence of critically timed rectan- a coin piece by detecting its
contribution to the    gular excitation pulses applied to one coil, com- 2
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measurement-of the decay characteris-    at various locations in a
heterogeneous mixture of tics of the eddy currents as detected by another
denominations. Other businesses, such as opera- coil, is employed to use
inductive coils to ascertain  tion of pay telephones, parking meters,
vending coin diameter as well as indications of metallic    machines and
others have large volumes of het- content. The approximately exponential
decay rate    5   erogeneous coin mixtures to handle. of the current
characteristic induced in the detector   Most prior art coin sorting
devices are me- coil by the eddy currents is used to classify the
chanical sizing machines. In other words, they as- coin. Again, look-up
tables of known ranges of      sume the essential validity of the coins at
the input values for coins of specific denominations are em-  and use
varying mechanical devices to sort the ployed to determine the validity and
denomination   10  coins by size and thus by denomination. One ex- of each
piece passing through the system.           ample of such a prior art
machine are the well As is known to those skilled in the art, the     known
shaker sorters which use trays perforated primary purpose of coin
discrimination apparatus    with holes of successively decreasing
diameters. and typical coin validators, used in an environment  Coins will
be provided over the shaker trays at an such as vending machines, is to
determine the   15  approximately predetermined rate per unit time and
validity and denomination of the coin so that the   they are shaken as the
coins travel down the path total amount of money deposited at any given
time   of the trays. The first set of perforations will be may be
calculated to see if the machine should      sized to pass the smallest
diameter coin to block vend its product or service. In most vending ma-
the passage of larger coins. A sufficient distance chine environments, all
of the coins deposited are   20  down stream from the first set of holes
will be a collected in a common collection box. It is well    second set of
holes sized to pass the next diam- known that once the coin discrimination
apparatus   eter coin in the denomination set and used to block is
operated, it is possible to use the output signals  the others. from the
discriminator to physically sort coins into   The flow in coins per unit
time over the perfo- a plurality of receptacles, each of which is dedi-  25
rated trays and the number of perforations is em- cated to receipt of coins
of a particular denomina-  pirically determined so that a very high
percentage tion. Therefore, the coin discriminating apparatus of  of the
coins of each denomination will pass through coin validators and sorters
serve the common func-  the appropriate holes into collection bins
dedicated tion of discriminating between valid and invalid    to each
denomination. coins, as well as determining the denomination of  30
Additionally, rail sorters are well known to those determined to be valid.
those skilled in the art in which a pair of diverging The substantial
technical problem encountered   coin carriers are used such that the coins
will drop f                in making the transition from coin validation
func-  when their underlying support gives away as a tions to coin sorting
functions is the problem of   result of the spread of the rails as coins
are passed 3                throughput, or processing a sufficient number
of  35  over them. Also, coin sorters constructed with a coins per unit
time to constitute an efficient sorting  spinning disk onto which the coins
are dropped are process. Coin validating apparatus, by its nature,   known.
On such devices, centrifugal force slings tends to be serial in nature,
thus it is normally   the coins out toward the outer periphery of the disk
d                designed in an environment where coins are pro-      and
various size exit channels are provided to sort t               cessed one
at a time.                           40  the coins by size. Naturally, in
the prior art there has been need     Once the coins have been sorted,
there are to sort the heterogeneous collection of coin de-    several well
known devices for repackaging them n                nominations which
appear in the collection boxes     so that they once again appear in
convenient rolls of vending machines and other devices of the type   or
other collections containing a predetermined described above. Usually, as
the coins travel  45   number of coins. One example of such a coin through
the stream of commerce, they are pack-       packaging machine is shown in
U.S. Patents aged together in convenient collections of like de-  3,707,244
and 3,751,871, to Hull et al. which are nominations, such as the well known
two dollar roll  assigned to the assignee of the present invention. of
nickels, five dollar roll of dimes, ten dollar roll of  In this apparatus,
a large number of coins of the quarters, etc. used in the United States.
These are   50  same denomination are inserted into the interior of
distributed to business establishments to be used   a rotating drum
surrounded by a vacuum plenum. in making change. Much of the change finds
its      The drum is perforated with a plurality of counter- way to vending
machines, toll collection points, and  bore locations into which the
partial vacuum within the like where, as described hereinabove, it is
the vacuum plenum sucks the coins as the drum is mixed in collection boxes
with coins of various  55  rotated. The counterbore locations rotate past
in- denominations.                                      ductive coin
sensors which, when a coin is de- Banking operations have a need to both
count    tected, activates an air jet to knock the coin into a and sort
large collections of coinage which arrives  coin chutes. In the Hull et al.
patent, the output of 3    
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includes apparatus for stacking the  nator. However, the Leonard
discriminator requires coins, ultimately for packaging in collections of
precise calibration and detection of small differ- predetermined numbers of
coins of the same de-       ences between similarly shaped exponential
decay nomination. Additionally, the apparatus counts the   curves resulting
from the eddy current decay de- number of coins detected and forced out of
the    5   scribed hereinabove in order to discriminate among counterbore
locations into the stacking chutes. In   coins. The apparatus of Leonard
must provide a this way, the total value of a large collection of
precision time base and detect slight differences coins of the same
denomination can be ascertained    on the order of microseconds in the
exponential as it is packaged.                                   decay
characteristics of the detected eddy cur- A principal advantage of the coin
packaging   10  rents. This leads to a relatively complex apparatus
apparatus shown in the Hull '871 patents is its high  requiring precise
components for establishing the throughput, i.e. the large number of coins
per unit  time base and to more stringent calibration require- time that it
can process and package.                ments. Additionally, the apparatus
must rotate Therefore, there is a need in the art for a      slowly enough
such that a given coin covers the dependable electronic coin sorting
apparatus hav-   15  necessary sequence of coils for a sufficient period
ing a significantly higher throughput than that of a  of time to allow the
entire sequence of pulses single disk machine. Additionally, it is critical
that  described in the Leonard apparatus to be applied such a machine be
able to not only dependably        by the coin as it passes over the coils.
Therefore, sort, but to dependably count the amount of money    there is a
need  in the art for an all electronic coin sorted since many applications
of such machines   20  sorter which can discriminate coins based solely on
are on a service basis, i.e. the operator of the     coil outputs, but
which device employs a much sorter is performing a sorting and counting
service  simpler signature detection scheme that does not for the owner of
the money. A typical example is     require the precise timing of pulses
and detection the service of sorting coins from pay telephones.    of
exponential decay characteristics. Given the significant throughput of a
packaging   25 apparatus such as that disclosed in U.S. Patent      Summary
of the Present Invention 3,751,871 to Hull, it is desirable to use a
structure and coin handling apparatus of the type disclosed       The
present invention is defined in the appen- in Hull '871 in-a dependable
coin sorting arrange-   ded claims and provides a sensor for identifying
ment.                                           30   members of a
predetermined set of metallic ob- As noted hereinabove, the discriminator
of the   jects, such as coins, each of the objects having a type shown in
the Leonard U.K. patent requires       characteristic metallic content in a
predetermined multiple coils in order to identify coin size. The
geometry. The sensors are of the type having a counterbores in the rotating
interior drum of the    transformer coil which includes primary and secon-
coin packaging apparatus shown in the Hull patent   35   dary windings,  a
carrier for causing movement of must be sized so that they can accept the
largest   the coins, one at a time, past the transformer at a size coin of
interest, normally a United States quar-  substantially predetermined
constant velocity and a ter, in the preferred embodiment. Under these cir-
memory device for storing a predetermined set of cumstances, when smaller
diameters coins are         object identification output signals. One of
the ob- lodged in the counterbore, it was a rather trivial  40  ject
identification output signals corresponds to problem to detect the presence
of some coin in       each member of the set of coins in questions and one
of the counterbores when the machine is fed      there  is at least one
object identification output with input consisting solely of coins of a
single    signal which corresponds to an unknown object, denomination.
However, if a heterogeneous collec-   i.e., one which is not a member of
the predeter- tion of coin denominations is fed into the Hull  45   mined
set of valid coins. apparatus, the identification problem is exacerbated
The apparatus includes a signal generator for by the uncertainty of the
particular portion of the  exciting the primary winding with an electrical
sig- counterbore which will be occupied by a given        nal and it is
characterized by the electrical signal coin, such as a dime or a. penny, of
a smaller       containing at least two distinct first and second diameter
than the diameter of the largest coin of  50  frequency components; a
signal processor con- interest.
nected to the secondary winding for processing It is extremely desirable in
the art to be able to  output signals into a first signature signal respon-
process a large number of coins through a coin       sive to the first
frequency component in the output discriminating apparatus  in a manner
which can      signals and a second signature signal responsive to detect a
coin signature identifying its size and   55  the second frequency
component in the output metallic content (and thus its denomination) using
signals and a microprocessor connected to the only  electronic coils.
Generally, this goal is      memory device and the signal processor for
pro- achieved by the apparatus of the Leonard discrimi-   viding one of the
object identification output signals 4    
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the two signature signals.            longitudinal axis of the coil is
traversed, one meets The present invention fulfills the above de-     the
third coil which constitutes the remainder of the scribed need in the prior
art by providing a coin   transformer primary. The top coil constitutes the
discrimination apparatus which is practically usable  remainder of the
secondary. Ideally, physical em- in the environment of a high throughput
coin han-   5   bodiments of the novel coil of the present invention dling
machine such as that shown in the above        would constitute an ideal
air core transformer. In referenced Hull patent. Because of the use of a
the preferred embodiment, a small ferrite bead, rotating drum within the
vacuum plenum, it would     movable along the longitudinal axis of the
trans- be very difficult to dispose coils on opposite sides  former, is
employed for balancing same. of a coin in this type of handling apparatus.
There-   10  The second fundamental aspect of the novel fore, it is
necessary to be able to test for coin    coin discriminator is its use of
an excitation signal signatures solely by the use of coils positioned
having multiple frequency components applied si- near the counterbores, but
only on one side of the   multaneously which are spaced significantly apart
coin.                                                in the spectrum. It is
known to those skilled in the Additionally, it is impractical, because the
is  art that there are significant non-linearities in metal counterbores
are disposed along the interior of a    core inductors. In the present
apparatus, air core plurality of annular rings which form the rotating
coils wound as a transformer are used in which drum, to use photodetector
devices and the like to   non-linearities are exhibited in the coil
coupling measure coin diameter.                              through eddy
currents induced by passing coins. Additionally, a significant problem was
encoun-   20   Essentially, the coil and its associated signal pro- tered
by the inventors of the present invention in   cessing circuitry operates
as an eddy current de- addressing the question of how to detect a valid
tector. At frequencies below 4 kiloHertz, the alloy coin diameter signature
for relatively small coins   content of the coupling coin dominates the
cou- lying in a relatively large counterbore, such as the  pling
characteristics. At frequencies above 30 case with United States dimes
seated in a counter-  25   kiloHertz the size of the coin dominates the
cou- bore sized to handle coins up to the size of United  pling, and thus
the signal output, characteristics. It States quarters. This lead to the
need to invent an  should be noted that this statement is true given
entirely new coin discriminating method and ap-     the constraint that the
excitation signal induces an paratus which is practically usable in the
environ-  essentially uniform  field across the entire area ment of a Hull
type processing device. Based on   30   which the coin may occupy as it
passes the sens- the results achieved by the present invention, the   ing
coil. In the present invention, the transformer inventors believe that an
enlargement of the coun-   coils, described hereinabove, are sized so that
a terbores in the preferred embodiment can lead in a   substantially
uniform field is created across the straightforward manner to a device
which can also    entire width of a counterbore passing the coil as sort
and count Susan B. Anthony dollars and U.S.  35  the drum rotates. half
dollars.                                           It is known to those
skilled in the art that as There are two fundamental novel aspects of
frequency of the excitation signal is lowered, under the coin
discrimination apparatus of the present    the above stated assumption of
the uniform field in invention which allow it to be practically applied to
the counterbore, the change in inductance for high the high throughput
environment of a rotating drum    40  frequency signals is relatively
insensitive to the coin handler. First, a novel coil structure for use in
metallic content of a passing coin. The skin effects a coin sorting
apparatus was invented which takes   tend to appear and the change in
coupling will be the form of a balanced transformer wound around a
primarily due to the size of the passing coin. common core. The primary of
the transformer             The inventors of the present invention have
serves as the excitation coil and the secondary of  45  applied this
knowledge in a novel fashion to pro- the transformer serves as the detector
coil. In the  duce a multi-frequency excitation signal which is preferred
embodiment, four separate coils, ar-       mixed at the input to the
transformer primary and ranged in spaced apart pairs wrapped about a
separated at the output of the detector coil in order common core having a
common longitudinal axis,      to detect contributions of the output signal
from are disposed such that the lower pair of coils  so   both the high
frequency and low frequency excita- comprises part of the primary and part
of the        tions. In the preferred embodiment, the high fre- secondary
of the balanced transformer, and simi-     quency excitation is on the
order of 100 kiloHertz larly, the upper two coils are part of the primary
and the low frequency excitation is on the order of and part of the
secondary. In the preferred embodi-  1.5 kiloHertz. ment, the coil nearest
the path of a passing coin is  55  It is within the scope of the present
invention, a portion of the transformer's secondary and the     and may be
required with certain mixes of non-U.S. immediately adjacent coil lying
above same is part   coinage, to use frequencies other than the two of the
primary. After a significant space along the  used in the preferred
embodiment. Additionally, it 5    
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under circumstances which will     these three signature characteristics,
it has been be apparent to those skilled in the art in light of the
determined that all coins in a typical coinage sys-   tior present
disclosure, to use more than two frequen-   tem, such as United States
pennies, nickels, dimes,       in cies. Additionally, it is within the
scope of the   and quarters, half-dollars and dollars can be reli-
end present invention  to measure both amplitude peak   5   ably
identified. and width of the output signals from the detectors      As was
the case in the apparatus of the Hull            s at the various
frequencies in order to discriminate  patents, id., jets of compressed air
are used to           ph among coins of similar sizes and alloy contents,
blow a detected coin out of the counterbore and            th particularly
in situations such as the European mar-  into a coin receiving conduit for
collection or pack-     ve ket in which a plurality of coinages of
different  10  aging.                                                   ab
nations are often found mixed in batches of coins       In the preferred
embodiment of the present              by which need processing.
invention, the Hull apparatus has been modified so          of The
inventors of the present invention have     that six distinct coin conduits
are disposed within         in discovered that three basic signature
parameters    the interior of the rotating drum substantially par-
pr are derived from these signals which can be de-  15  allel to the axis
of rotation of the drum and per-         tic pendably used to discriminate
among a wide vari-     pendicular to the direction of travel of the
counter-       la ety of coin denominations.
bores. Since each conduit is dedicated to receipt of        If Like most
coin discriminators employing excita-  coins of a particular denomination,
appropriate tim- tion and detection coils, the magnitude characteris-  ing
circuitry is provided to activate a compressed ic of the output signal of
the detection coil will  20  air jet over the appropriate coin conduit when
a have some form of characteristic shape as  the coin  counterbore
containing a coin of the appropriate passes, reaching a maximum magnitude
when the       denomination becomes registered thereover. coin is most
nearly centered beneath the inductor.     In the preferred embodiment,
there are ten The magnitude characteristic rises as the coin ap-  annular
rings containing 40 counterbores each proaches the center and falls as it
leaves the   25   which comprise the rotating drum within the above center.
The inventors of the present invention have  mentioned vacuum  plenum.
Therefore, the pre- discovered that the width of the pulse contributed
ferred embodiment has a rank of ten like coils set by the high frequency
signal component and its      above the rotating drum. Down stream, in the
peak value can be uniquely correlated to the size   sense of the direction
of the drum's rotation, six of various coins commonly used in modern coin-
30  ranks of solenoid operated air valves are disposed age systems
throughout the world. The width of a    over the six respective coin
conduits. Therefore, magnitude characteristic, as described herein, re-
there is one solenoid operated air valve over each fers  to the temporal
width of the pulse between    coin conduit for each rotating annulus of the
drum. points at which it crosses a predetermined thresh-  A seventh rank of
air valves is provided to return old in each direction. In other words, the
width of  35  coins to the interior of the drum  under circum- the pulse is
equal to the period of time between    stances described hereinbelow. the
event of the magnitude characteristic crossing      Additionally, the
present invention employs a a predetermined threshold in the positive
direction  set of lag sensors which are downstream from the and the event
of the magnitude characteristic sub-  air valves. The lag sensors need only
detect wheth- sequently falling below the threshold.         40  er or not
a metallic coin is present in a manner While the preferred embodiment of
the present    similar to the detectors used in the Hull coin pack-
invention detects both width and peak value of the  aging apparatus. Since
the ability to reliably count magnitude characteristic of the detected high
fre-  coins is an important function of this apparatus, the quency signal,
for United States coinage it has     lag sensor is used to confirm ejection
of a coin by been found only necessary to use the peak value   45  the
solenoid operated air valves when same is from the low frequency signal as
a signature com-  operated. Therefore, for a given denomination of ponent.
Thus, the present invention uses a single  coin detected at a particular
counterbore location, balanced transformer detection coil which is ex-
the appropriate air valve will be operated as the cited with two relatively
widely spaced frequency   counterbore location passes over the appropriate
components to detect both size and metallic con-  50  coin conduit.
Subsequently, this counterbore posi- tent of coins. The detection is
accomplished by     tion will approach the lag sensor and the machine
separating the high and low frequency signal corn-  tests to see if a coin
is still present. If the coin is ponents at the secondary of the
transformer and     not present, this is taken as confirmation that the
detecting three signature characteristics. The three  air jet from the
solenoid operated valve was suc- signature characteristics are the pulse
width of the   55  cessful in ejecting the coin from the counterbore
magnitude characteristic for the high frequency     into the conduit and
the tally for that denomination component and the peak value of same, and
the       is incremented. If the coin is still present, no incre- peak
value of the low frequency component. From     menting of the coin count
takes place.    11              EP 0355 061 B1                       12 



It is, of course, possible to include an addi-    nals described above are
read as each counterbore tional lag sensor intermediate each of the air
valves  position containing a coin passes the coil. The in the preferred
embodiment to detect the pres-       above referenced seventh rank of air
valves blows ence of an air valve which was stuck in an open       each
coin back into the interior of the drum where position. However, the
expense of the additional 5    it will eventually become relodged in a
counterbore sensors and the accompanying requirement of           position.
Operating the apparatus by this method physical spreading of the sensor/air
valve array on   for a period of several minutes assures that each the
apparatus does not, in the opinion of the in-     counterbore position is
provided with a representa- ventors, justify the additional expense. It is
desir-  tive sampling of the coins of the particular denomi- able to
periodically test the condition of the valves   10  nation being
calibrated. High and low values for the by operating the apparatus in a
mode in which all    signature signals are stored in memory during cali- of
the air valves are activated, and subsequently     bration and used, for
each counterbore position, introducing coins into the apparatus, detecting
the   when the machine is subsequently operated as a presence of same in a
particular counterbore loca-    sorter. tion, and testing for the presence
of a coin at the   15  As noted above, there is a seventh rank of lag
sensor with none of the valves being operated.    solenoid operated air
valves downstream from the If the absence of a coin is detected in a
particular  last rank of valves over a coin conduit. Operation of channel,
it is an indication that one of the air valves  one of these air valves
blows the object in the over that channel is stuck in an on position and is
counterbore back into the interior of the drum. causing continuous and
Unintended ejection of  20   These air valves are used both during the
calibra- coins.                                               tion process
described hereinabove and to dis- it is further known to those skilled in
the art   lodge objects representing unknown sort values that the proximity
of the coin to an excitation and   during operation of the machine. At this
point in detection coil structure will significantly affect the  time, it
is appropriate to introduce some of the magnitude of the output signal from
the detector   25  terminology used in this specification. When the coil in
inductive type coin discriminators. In the    difference between detected
signature values for present invention, the rank of detector coils is lo-
an object in a counterbore position and the range cated at a particular
position very close to, but     of signature values for valid coins is
sufficiently lying above, the outer surface of the rotating drum.  large,
the apparatus makes a determination that the Since the drum is relatively
large, very slight ir  3o   object is "off sort" and thus treats it as a
bogus regularities in the axis of rotation can cause signifi-  coin. Thus,
references to an off sort value refer to a cant differences in the space
between the detector    detected object which generates signature values
coil and different counterbore positions along the    which are so
different from valid signature values same annular ring. In other words, if
the drum is    that the object is ejected into a coin conduit dedi-
rotating slightly off axis, it will tend to wobble  35   cated to bogus
coins and off sort objects. somewhat and certain of the counterbore
positions        A set of signature signals which are close, but will pass
very close to the coil while counterbore    not within the range, of any
valid set of signatures positions on the opposite side of the annulus will
is referred to as a "unknown". During operation of be spaced farther from
the coil. Naturally, this    the machine, the valve associated with that
particu- could have a tendency to cause inaccurate or un-   40  lar annulus
in the last rank of valves is operated reliable analysis of the signatures
obtained as the   when the particular counterbore containing the un- same
coin passes the same coil. In other words,       known object passes
thereunder. In this way, the very slight mechanical imperfections in the
drum      object is normally dislodged and blown back into rotation can
lead to significant deferences in the    the interior of the machine. There
is a high prob- signatures under conditions which are otherwise  45
ability that it will subsequently find its way to identical.
another counterbore. It should be noted that this In order to counteract
this possibility, the pre-  operation increases the probability that a
valid coin ferred embodiment of the present invention cali-      having
metallic and size characteristics which are brates each counterbore
position prior to operating   very marginal, will be properly sorted as a
valid the machine as a sorter. In the calibration process,  so  coin. If
its signature characteristics are only slightly a batch of coins of known
denomination is inserted    outside the range for a particular counterbore
loca- into the rotating drum. It is known to those skilled  tion, it is
quite possible that they will fall in the in the art that even coins of a
particular denomina-  range of signature characteristics for a different
tion within a particular coinage system will have     counterbore location
in which the coin subsequent- different signature characteristics due to
varying   55  ly becomes lodged. Also, unknown values can be states of wear
and changes in metallic content at     generated in the rare, but not
impossible, event the time of minting which occur over the years.      that
a coin becomes lodged in the counterbore in a During calibration, the
values for the signature sig-  skewed fashion in which one edge of the coin
is 7    13                 EP 0 355 061 B1                       14 



caught on a sidewall of the counterbore. Under the   embodiment.
circumstances, the coin is not properly seated in       Fig. 9 is a graphic
representation of output the bottom of the counterbore well and will fail
to  voltages of the signature signals used in the pre- produce appropriate
signature signals, although      ferred embodiment. they will normally fall
within the unknown range    5   Fig. 10 is a diagram depicting particular
mem- rather than the off sort range.                      ory locations and
the coin ejection queue of the It should be noted that in practical
applications  memory of the preferred embodiment. of the preferred
embodiment, a very small number        Fig. 11, consisting of Figs. 11 A
through 11E of unknowns are encountered. The unknowns are        show
various states of the coin ejection memory preferably defined in the
present invention to pro-  10  queue for a typical example of a sequence of
vide a very accurate sort and count.                 detected coins of
particular denominations in two As will be appreciated by those skilled in
the   adjacent counterbores for one channel of the pre- art from the
description to follow, the coin discrimi-  ferred embodiment. nation method
and apparatus described herein has utility in coin sorting and validation
devices other   15   Detailed Description than those of the type disclosed
herein. Turning now to the drawing figures in which Brief Description of
the Drawings                    like numerals reference like parts, the
preferred embodiment of the present invention will now be Fig. 1 is a
pictorial view of the coin sorting   20   described. apparatus of the
present invention and associated         Fig. 1 is a pictorial view of the
apparatus of the machinery constituting its preferred environment.
preferred embodiment and the associated equip- Fig. 2 is a pictorial view
of the interior of the  ment used in its preferred environment. The coin
rotating drum of the preferred embodiment showing    sorter of the present
invention is generally shown the coin accepting counterbores.
25   at 20 in Fig. 1. A conventional cleaning station is Fig. 3 is a
pictorial view of the coin discharge  shown at 21 and is the location into
which coins paths of the preferred embodiment with certain       are
initially deposited during processing by the elements shown in phantom.
apparatus. Cleaning station 21 is conventional in Fig. 4A is an elevated
section view showing a   nature and is not, per se, part of the present
typical set of counterbores rotating past the novel  30  invention.
detector coil of the preferred embodiment and           Coins which leave
the cleaning station 21 are showing the coil in cross section.
lifted by a slat conveyor 22 up to an input chute. Fig. 4B is a circuit
diagram of the preferred    25. Coins from the input chute 25 are carried
by embodiment of the detector coil of the present     input chute 26 to the
interior of a rotating drum, invention.
35   described in further detail hereinbelow. The above Fig. 5 is a
diagrammatic projection of the array  mentioned drum  is rotated by a motor
27, the of sensor coils and air valves used in the preferred  output of
which is coupled by a belt 28, shown in embodiment of the present
invention.                 phantom in Fig. 1, to the exterior of the drum.
One Fig. 6 is an elevational section view showing    end of the drum
containing chamber is sealed by a the rotating cylindrical drum under the
array of air  40  clear Lexan polycarbonate plastic window 29, with valves
in the coin receiving stations in the interior  an opening at 30, where
input chute 26 passes of the drum.
through window 29. Fig. 7 is a block diagram of the controller and      An
operating console 40 is also shown in Fig- signature acquisition circuitry
of the preferred em-  ure 1. The console includes a CRT 41 which is
bodiment.                                     . 45   used in monitoring
performance of the machine Fig. 8A is a circuit diagram of the oscillator
and a keyboard 42 used for controlling the appara- board of the preferred
embodiment.                   tus. One print station puts out conventional
eight Fig. 8B is a circuit diagram showing a portion   and one half inch
wide paper shown at 45 which is of the connector board of the preferred
embodi-      used for report printing, and providing technical ment.
50   data during service and maintenance. Additionally, Fig. 8C is a block
and circuit diagram of a      a smaller printing device 46 is used for
making representative one of the proximity/valve boards of  hard copy of
tabulations of particular sort runs the preferred embodiment.
which may be provided with the collected sorted Fig. 8D is a block diagram
of the analog cir-    output of coins from the machine. cuitry of the
signature detection apparatus of the   55  An array of 70 solenoid operated
air valves is preferred embodiment.                                disposed
about the upper portion of the periphery Fig. 8E is a block diagram of the
proximity      of the chamber in which the drum rotates. The detector
circuits of the lag sensors of the preferred  array is generally indicated
at 31 in Fig. 1. The lag 8    15                 EP 0 355 061 B1
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sensing coils are also visible in Fig. 1 and are        The definition of
any given row as row one is indicated generally at 32 in the drawing
figure.    arbitrary, and is defined in the preferred embodi- In the
preferred embodiment, each of the sole-   ment by a master timing mark (not
shown) which noid operated air valves shown at 31 has a twisted  defMes the
first row. The master timing mark is pair of conductors attached thereto
for operating    5   detected by photosensitive devices in a manner the
solenoid. These are omitted from the drawing      which is conventional,
and well known to those of Figure 1 for the sake of simplicity. Likewise,
skilled in the art. Additionally, timing marks (not output leads from the
proximity sensors shown at     shown) are located at every row such that
they 32 are also omitted from the drawing figure.        occlude the
photodetector of an optocoupler when As noted hereinabove, the coin sorter
appara-   10   a given row of counterbores is aligned with a coin tus is
physically constructed in a manner quite       sensor, as explained
hereinbelow. Again, the use of similar to that of the apparatus shown in
the above  such devices for synchronizing external digital con- referenced
patents to Hull et al., which have been  trol circuitry to mechanically
rotating equipment is incorporated by reference in this specification.
conventional and well known to those skilled in the Therefore, details of
the vacuum plenum and the   15  art. rotating drum containing a plurality
of counterbores    Figure 3 shows certain details, some of which can be
understood by reference to the above re-     are depicted in phantom, of
the interior of the ferenced Hull patent. For the sake of completeness
mechanism. It also shows certain aspects of the be               of this
specification, a few details of same will be  preferred embodiment which
differ from the details pointed out.                                   20
of the apparatus disclosed in the Hull patents. The the
Turning next to Figure 2, a pictorial view of the  vacuum plenum in which
drum 50 rotates is sup- iP              drum 50 is shown. The drum is
constructed of ten     ported at one end by end cap 55. It should be in
side-by-side annular channels C1 through C10,        noted that the
proximate end of the drum apparatus eight of.which are visible in the
drawing of Figure  shown in Figure 3 is the opposite end of same is
2. Each channel has a predetermined number, forty  25  from that depicted
in Figure 1. As may be seen in in the preferred embodiment, of equally
spaced       Figure 3, counterbores 50 rotate over a plurality of the
counterbores 51 about the  periphery of the annular  coin receiving
stations 56a through 56f. The top in              segment. Each of the
counterbores is identical, and  openings of stations 56e and 56f are
visible in all counterbores are referred to by the common       Figure 3
where a portion of drum 50 is broken reference numeral 51 herein. Each of
the counter-  30  away. The coin receiving stations 56 each feed a are
bores 51 has a centrally located hole 52 which      coin receiving conduit
having a slanting bottom chute               passes all the way through the
channel to the       generally shown at 57 in Figure 3. Each of the coin by
outside of the drum.                                receiving stations 56
is in turn coupled to one of In the same manner as the apparatus of the
six coin output conduits 58a through 58f shown in above referenced Hull et
al. patents, the drum is  35   Figure 3. The assembly of the coin conduit
appara- ', the             rotated within a plenum in which a partial
vacuum    tus passes through a second Lexan window 59 wn in              is
maintained during operation Therefore, the pres  shown in Fig. 3. sure on
the outside of the drum is lower than that      A typical row of solenoid
operated air valves is by              on the inside and air tends to rush
from the interior  shown at 61 d in Figure 3. The seven rows of air with
to the exterior of the drum through holes 52. During   40  valves are
designated 61a through 61g in this operation of the apparatus, the partial
vacuum cre-  specification and it will therefore be appreciated ated by the
plenum (not shown) causes coins to      that row 61d is over the fourth
coin receiving sta become seated on the floors of the  counterbores
tion 56d. As noted hereinabove, the seventh row of ch is               51.
air valves 61g (not shown in Figure 3) is located chine    .
As indicated in Figure 2, each of thechannels  45  along the periphery of
the housing over drum 50 para-               has forty counterbores spaced
around its periph-    such that coins blown out of counterbores at that
eight               ery. The center lines of the counterbores for each
location are returned to the interior of drum 50. channel are aligned along
a line parallel to the axis   A typical valve is shown at the distal end of
nical           of rotation of the drum such that adjacent counter-  . row
61d and includes a solenoid 65 and an air jet nlly              bores on
adjacent annular channels form rows of  50  66 Each of these devices
controls a valve (not king   .       counterbores. The rows are numbered
[err] through      shown) which couples pressurized manifold 67 to run
R40. Thus, the counterbores disposed on drum 50     its associated air jet
66. A source of compressed may be thought of as a rectangular matrix of
coun-   air (not shown) is connected to manifold 67 such terbores having
ten columns and forty rows, all of  that activation of solenoid 65 will
cause com- es          which are wrapped around the surface-of a cylinder
55  pressed air to rush through air jet 66. This occurs with row one being
adjacent to row forty at the      when a respective one of holes 51 is
directly under The                location where the rectangular array is
joined, end  the bottom end of air jet 66, and any coin lodged in to end.
the counterbore 51 associated with the hole 52 will 9    17
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be blown into coin receiving station 56d.           former is indicated at
81. As may be seen by the              result A deflector plate 68
distributes coins entering  concurrent inspection of Figs. 4A and 4B, the
inner          ever, the interior of the drum from input chute 26 along
two coils 72 and 73 of the physical bobbin form the           the in the
length of drum 50. A level switch (not shown)   primary of the balanced
transformer and the outer            that controls the slat conveyor which
controls the rate at   5   two coils 71 and 74 form the secondary. In Fig.
4B,   such which coins are introduced into the drum for agita-  the
transformer is indicating as having a variable           with tion and
deposit in the counterbores.               metallic core at 78 which is
embodied by ferrite              ent to It should be understood that air
jet 66 from the  tuning bead 78 shown in Fig. 4A.
radiu solenoid operated air valves pass through the ex-       In cross
sections perpendicular to longitudinal           bore terior (not shown) of
the vacuum  plenum. The   10  axis 76, bobbin 75, and thus coils 71 through
74,            locus points at which the jets 66 pass through the ple-
are rectangular. In Fig. 4A, the cross section is             cent num wall
are made appropriate airtight. Thus, the   taken parallel to the shorter
side of the rectangle.         ally, solenoids 65 sit on the exterior of
the drum appara-  Since the width of the bobbin, and thus the coils, is
wher tus as shown in Figure 1 and the air jets 66        approximately
equal to the diameter of counter-               withi terminate in the
interior of the vacuum plenum just  15  bores 51, it will quickly be
appreciated that the over the rotating outer surface of drum 50.
length of the rectangular coils is significantly great-      lead: Figure
4A is a cross-sectional view showing the    er than the diameter of the
counterbores. The com-           cent preferred embodiment of the sensing
coil 70 and     bination of the electrical arrangement shown in Fig.
the cuate segment of rotating drum 50. The sec-     4B in the above
described geometry of the coils               hole tion is taken through
the center line of the coil and   20  and bobbin has been found to give
extremely good      frorr the center line of a typical one of the annular
results in a non-contact coil sensor which can dis-          thro channels
of the drum 50. Three exemplary counter-   criminate both coin size and
alloy. First, it is impor-      rota bores 51a through 51c are shown in
cross-section,   tant that the induced field be substantially uniform
mer each of which has the characteristic centered hold  across the entire
area of the floor of a counterbore         the 52 bored through the center
of the counterbore to  25  51 when it is centered under a coil 70. Thus,
coils        para the outer surface of the drum.                      of
other geometries can be used to construct em- Physically, coil 70 includes
four coils 71       bodiments of the present invention but a coil hav-
beh through 74 wound around a bobbin 75 constructed      ing a rectangular
bobbin with an aspect ratio of            to of material of very low
magnetic permeability. In   approximately 2.75 of the inner dimensions of
the the preferred embodiment bobbin 75 is made of  30  bobbin has been
found to give what the inventors              req Dekin plastic. The coils
are arranged in pairs such  believe are the best results and practical
embodi-           gec that coils 71 and 72 are wound around the lower
ments of the present invention.                               so rtion of
bobbin 75 and coils 73 and 74 are          In the preferred embodiment,
bobbin 75 is one             cou rtically displaced therefrom. The coils 71
through  inch wide (the horizontal dimension shown in Fig. 74 are wound
perpendicular to longitudinal axis 76   35  4A) by 1.6 inches deep by 2
inches high, the             the of the bobbin. In the preferred
embodiment, each    vertical dimension shown in Fig. 4A. The exterior of
len of the coils 71 through 74 is constructed of ap-    coils 71 through 74
are indented slightly from the            so ximately 200 turns of 32 gauge
copper magnet        outer wall of the bobbin and are sealed in plastic.
the wire.                                                   The effects of
this geometry in the above de-             car Longitudinal axis 76 also
defines a center line   40  scribed constraint on the field across the
counter-     ple for a threaded hole, shown at 77, which passes      bore
will now be briefly described so that the                U.S through the
length of the bobbin. Journaled within  inventor's solution to the problem
of indeterminate           The hole 77 is a threaded ferrite bead carrier.
The     coin positioning within the counterbores may be               sm
mating threads on hole 77 and bead 78 allow the     understood. Three
exemplary counterbores 51a a carrier to be positioned longitudinally
between coils  45  through 51c are referenced in Figure 4A. As noted
the 72 and 73. As may be seen from inspection of        above, the
counterbores of the preferred embodi-              ov, Figure 4A, the
ferrite bead is a fairly small mass of  ment have a diameter which is only
slightly larger         sh magnetically permeable material and its purpose
is  than the diameter of a U.S. quarter. Naturally, the only to make minor
adjustments in the balance       only requirement for the present invention
is that          tio between the two secondary coils. If coils 71   50  the
diameter of the counterbores be large enough               co through 74
were perfectly wound, the sensing coil   to accommodate the physically
largest coin of in- would approximate an ideal air core balanced
terest in a set of coinage or tokens with which the           thr
transformer and there would be no need for the      device will be used. In
the example shown in Fig.            tic bead.
4A, counterbore 51 a has a U.S. quarter seated                tic Figure 4B
shows the electrical equivalent cir-  55  therein, counterbore 51b has a
U.S. nickel seated         th cuit of sensor coil 70 shown in Fig. 4A. The
input  therein, and bore 51c has a dime.                             th
primary port is shown at 80 in Fig. 4B and the          The case of the
quarter is relatively trivial be-         cc output or secondary port of
the balanced trans-     cause it will be centered in the counterbore as a
th 10    19                 EP 0 355 061 B1                    20 



result of the above described size of same. How-    this jitter between the
temporal locations of the ever, the cases for physically smaller coins
require  peaks of the pulses produced by the passing coins. the inventors
of the present invention to make sure  In the preferred embodiment, two
parameters of that the problem of indeterminate positioning of     the
machine assure that this result is accom- such coins within the counterbore
could be dealt   5   plished. First, the spacing between adjacent coun-
with successfully. First, the problem will be appar-  terbores within any
one of the annular channels, ent to those skilled in the art that a coin
having a  indicated by dimension line 82 in Fig. 4A, is suffi- radius r2
smaller than the radius [err] of the counter-  ciently greater than the
maximum  displacement bore may have its center located anywhere along a
between the center of the coin and the center of locus of points
constituting a circle of radius [err] - r2  10  the counterbore (i.e., r1 -
r2) such that the machine centered at the center of the counterbore.
Addition-  may readily discriminate between the passing of ally, the center
of the coin may be located any-     adjacent coins. In other words, there
is no intercoin where on the circle of radius r1 - r2 or anywhere
interference. Secondly, as noted hereinabove, the within the circle.
present invention has achieved a coin detection The indeterminate position
of the smaller coins   15  and validation arrangement in which the peak
value leads to the result that the coins may have their   of signal
variations and the width thereof are the centers positioned ahead of or
behind the center of  only signature  signals necessary to completely dis-
the counterbore aligned with a longitudinal axis of  criminate among coins
in a typical set of coinage. hole 52. Thus, the coin will be displaced
laterally  Therefore, a significant amount of asynchronism from a tangent
to the surface of drum 50, passing   20  between the rotating machinery and
the occur- through hole 52 and pointing in the direction of     rences of
both the signal peak and the positive and rotation of the drum. In other
words, the displace-  negative crossings of the reference voltage may be
ment of the center of the coin from the center of   easily tolerated. the
counterbore may have a significant component        To this end, it should
be understood that the parallel to the axis of rotation of the drum.   25
above described timing devices disposed on drum Also, smaller coins may be
displaced ahead or    50 (not shown) are arranged such that a "dark behind
the center of the counterbore with respect   time" is provided when one of
counterbores 51 is to the direction of rotation.
physically centered under air jets 66 of one of the The former displacement
leads to the practical   output air valves. The time between successive
requirement that the long side of the rectangular   30  dark times for the
timing apparatus is the time geometry of coils 71 through 74 be
sufficiently long  required for a first counterbore to be centered so that
the lateral position of a small coin within the  under a given coil and the
time for the next adja- counterbore will not vary the electromagnetic
effect  cent counter bore to become centered. of the coin passing under the
coil. Those skilled in    The timing apparatus of the preferred embodi- the
art will appreciate the need to increase the   35   ment synchronizes with
the dark time pulses and length of the long side of this rectangular
geometry  uses these pulses which occur when the timing so as to prevent
boundary conditions from varying    marks occlude optocouplers, to
ascertain the rela- the electrical response, which would have a signifi-
tive positions of counterbores 50 with respect to cant impact on the
electrical response to, for exam-  both the rows 61 of air valves and
sensing coils 70. ple, a U.S. dime centered in the counterbore and a   40
Since the marks are arranged such that the occlu- U.S. dime displaced
laterally by a distance r1 - r2.  sion, and thus the dark time, occurs when
the holes Therefore, the problem of inconsistent response to   52 are
centered under air pipes 66 (Fig. 3) the smaller coins which results from
lateral (with re-  apparatus will activate appropriate ones of solenoid
spect to the direction of rotation) displacement of  65 at the center of
the dark times. When acquiring the coin from the center of the counterbore
is  45  the data for the signature signals, the apparatus overcome by the
increased width of the rectangular  reads data at a time which is
substantially midway shape of coils 71 through 74.
between the termination of the most recent dark A U.S. dime which is
displaced along the direc-  time and the onset of the next one. Naturally,
the tion of rotation of the drum is shown seated in      onset of the next
one is determined by locking on counterbore 51c at Fig. 4A. If it is
assumed for the   50  to the pattern of timing for the light and dark time
moment that the dime is laterally centered within   as cylinder 50 rotates.
In other words, the readings the counterbore, it will be apparent that the
aberra-  are taken at a point in time when mid-points be- tion in the
machine response will be solely a func-  tween adjacent counterbores are
centered under tion of the timing of the electromagnetic impact of  the
sensing coils 70. This assures a condition in the coin's passing. Since the
center of the coin in  55   which the response of the coil to the coin most
this case is traveling ahead of the center of the   recently passed is
stored, and can be read prior to counterbore by a distance r1 - r2, it is
important  the time the signals in the coil begin responding to that the
signal processing circuitry be insensitive to  the approach of the next
adjacent coin.    21                 EP 0 355 061 B1                     22
Naturally, equivalent arrangements may be        the present invention and
thus simpler coil geome-           the 



constructed by reversing the significance of the     tries which would
allow ten coils to be set side by          sor light and dark times and
using electronic signals   side in single row may be used in constructing
the           der derived from devices other than optocouplers in     lag
sensors of embodiments of the present inven-             sig manners which
will be familiar to those skilled in   5   tion. the art.
In the preferred embodiment, air valve row 61a            do Turning next
to Figure 5, a planer diagram of    is disposed over the coin receiving
station for              coi the layout of sensing coils 70 and rows 61 of
the    dimes. Similarly, row 61b of the air valve is over          blo
solenoid operated valves is shown. On the left hand  the penny receiving
station, 61c over the station for       re side of the drawing, row
designations for the valves   10  nickels, and 61d over the station for
quarters. The   not are shown as R1 through R7. These correspond,
selection of the stations is arbitrary and any conve-        suc
respectively, to rows 61 a through 61g. On the left  nient selection of the
relative arrangement of the          the hand side, the direction of
rotation ofthe drum,    denominational significance of the receiving.
station        get relative to the array depicted in the drawing figure,
may be employed. Rows 61e and 61f, correspond-            as is shown by
arrow 85.                           15  ing to rows [err] and Rs are not
normally used for              are Since, as described above, the length of
the     U.S. coins. However, of course, either of them may           sta
rectangular geometries of coil 70 is significantly   be used for tokens in
transit systems and the like          ran wider than the diameter of the
counterbores, in the  which may be present in coin input to be sorted.
ver referred embodiment a row of ten sensing coils          It should be
noted that the software controlling cannot be physically formed due to
spatial limita-  20  the preferred embodiment assigns each of the
em [err]. Therefore, the ten lead sensing coils 70a     chutes their
denominational significance and use.            to through 70j form a
logically single row of sensors,  .  Therefore, any chute may be assigned
to receive          a but are physically staggered such that each coil is
any denomination under software control without             gin displaced
from the two adjacent coils in the direc-  changing the mechanical
configuration of the ma-            var tion of rotation by a distance
equal to the inter-  25  chine. To this end, known statistics about the
con-      det counterbore distance shown as 82 if Fig. 4A.         tents of
the input (or other criteria) may be used to       wh Therefore, coils 70a,
70C...through 70i are phys-    assign denominational significance to the
chutes in         but ically located on one row. Similarly, coils 70b,
a manner which will lead to the most efficient              pac 70d
...through 70j are physically located down-      sorting procedure for the
operation at hand. This stream from the previous row and are displaced by
30   may be done statically or dynamically.                  in one
interbore distance. Timing circuitry in the de-     For example, if a load
of coins is obtained from         obj tection circuitry of the preferred
embodiment ap-    pay telephones, it is likely that it will contain a large
pre propriately delays activation of the valves based on  number of
quarters. The dynamic assignment of              wh the signals from the
leading row, containing coil    denominational significance allows the user
to as-          ma by a period of time equal to one fortieth of the   35
sign one particular coin chute to quarters until a   obj time required for
complete revolution of the drum   certain sum  of money in quarters is
ejected                 coi so that the output signals from, for example,
coils  through the chute. As soon as this event occurs, a          fine 70a
and 70b, become logically and electrically syn-  second chute is assigned
to quarters and a mes- chronized within the machine. In the preferred em-
sage is provided at the console alerting the atten-         are diment,
drum  50 rotates at approximately 16   40   dant that the predetermined
amount of money in             prir revolutions per minute. Therefore, the
time required  quarters is present at the output of the first chute.
The for adjacent center holes 52 to become aligned       The attendant may
then take appropriate action,             enc under a given point exterior
to the drum is approxi-  such as separate bagging of the output from the
pas mately 93 milliseconds. Those skilled in the art will  first chute,
while coin sorting continues with quar-      vale recognize that this is a
relatively long time in the   45  ters being ejected to the second chute.
inve world of modem microprocessors and that com-            This
arrangement allows the present invention            cot plete data
acquisition for a row of sensors, together  to be operated in a continuous
sorting and counting       rec, with an appropriate analysis to identify
the coins,  process rather than one which is limited to batch           pas
can be made within the 93 millisecond interbore      processes.
The time period.                                    50      In the
preferred embodiment, row [err], corre-              eje A correspondingly
staggered set of lag coils     sponding to row 61f of the air valves, is
disposed           pre 70a' through 70j is shown at the opposite end of
over coin receiving station 56f which is used to            pro the array,
at the top of Fig. 5. The same physical  received off sort objects. As
noted hereinabove, off         in constraints described hereinbelow require
the stag-  sort objects are those which are clearly detectable,        ope
gering of the lag coils. However, as will be appar-  55   but whose
signature signals are so far out of range    coil ent from the description
hereinbelow, the lag coils  of any of the valid sets of signature signals
that         cha need only be able to reliably detect the presence    they
are treated as a bogus coin. Slugs, and other         this or absence of
any coinwithin an embodiment of       stray metallic objects which may find
their way to          one 12    23                 EP 0 355 061 B1
24 the coin sorter will be rejected at this location. Off  If the lag
sensor detects no coin, it is assumed 



sorts are treated by the software as any other       (with great
justification) that the coin was properly denomination. Therefore, any
chute may be as-        ejected into the proper coin receiving station.
signed to receive off sort objects.                  Therefore, the count
for this particular denomina- The last row 61g of the air valves is
disposed    5   tion of coin is incremented under these conditions.
downstream, in the rotational sense, from the last   If the lag sensor
detects a metallic object still coin receiving station 56f. Therefore, any
object    present in this particular counterbore, the count is blown out of
a counterbore at row [err] will be         not incremented. Those skilled
in the art will quick- returned to the interior of the rotating drum. As
ly appreciate that it is a matter of design choice noted hereinabove, the
present invention activates   10   whether to increment the counter when
the coin is such valves when unknown objects are detected in     detected
and then decrement same if the lag sen- the counterbores. An unknown object
is one which     sor detects that the coin is still present or simply
generates signature signals close to those defined   not to do the
incrementing until proper coin ejec- as valid for a member of the valid
coinage set, but  tion is confirmed by the absence of a detected are not
within range. It should be noted that this  15  signal at the lag sensor.
statement must be understood in the context of the       Additionally, the
following should be under- range of valid signature signals in the present
in-  stood about the excitation sources employed in the vention, i.e., that
a range is defined for each of the  preferred embodiment. As will be
described in 400 counterbore locations used in the preferred      greater
detail hereinbelow, the high frequency com- embodiment. While these are
naturally very close   20   ponent of the excitation signal is applied
alternately to each other in value, they are not all identical for  to the
staggered rows of lead coils 70a through 70j a given coin denomination.
Coins which are mar-     in the preferred embodiment. Therefore, the high
ginal with respect to content or size, due to age,   frequency component
will be applied to excite coils vandalism, chemical abuse, or the like, may
be       70a, 70c ... through 70i at times when the signal is detected as
unknown objects by the apparatus   25   not being applied to coils 70b, 70d
... 70j. Al- when passing sensing coil 70 in one counterbore,
ternately, the latter set of coils will be excited by but may fall within a
valid range when traveling     the high frequency signal while the former
set is past a different sensor in a different counterbore.  not. Naturally,
as unknown objects accumulate with-       In the preferred embodiment, this
switching in the machine, they will eventually be the only  30   has a
fifty percent duty cycle and is switched at a objects left within the
interior of the drum. The    rate equal to the frequency of the low
frequency present invention is constructed such that, if and   excitation
signal. when this condition is encountered, the apparatus        The
inventors of the present invention discov- may be placed in a mode of
operation which all       ered that this arrangement reduces cross talk be-
objects are ejected through a particular one of the    tween the coils
which might otherwise result from coin receiving stations and out a
particular chute, to  the excitation by the high frequency signals. There-
finally clear the contents of the machine           fore, the distance
between two adjacent coils being In the preferred embodiment, the lead
sensors    excited by the high frequency signal at any point in are the
primary detectors and are used as the        time is two channels, for
example, the space be- primary coin validation and discrimination devices
40  tween coils 70b and70d shown in Fig. 5. The lag sensors are used only
to detect the pres-        Figure 6 is a section elevational view of one
ence of an object in a counterbore after it has      end of the apparatus
which shows cylindrical drum passed  under the array of solenoid operated
50 rotating over coin receiving stations 56 and also valves. The preferred
embodiment of the present      illustrates the positions of detector coil
70 and invention not only validates and sorts coins, but it  45  solenoid
operated air valve 65. It is believed that counts the number of coins
output to each coin       Figure 6 will assist in understanding the overall
receiving station 56 and thus the number of coins    operation of the
apparatus. Drum 50 rotates in the passed to each coin output conduit 58
(Fig. 3).    direction of arrow 53 shown in Figure 6. The cross Therefore,
it is considered important to confirm the  section of the rotating drum is
taken through the ejection of a coin when the apparatus detects its  so
counterbores associated with channel 1. Therefore, presence and
denomination, and provides an ap-       these counterbores pass under lead
detecting coil propriately timed signal to the appropriate air valve  70a.
Coil 70b of one of the even numbered chan- in one of rows 61a through 61d.
If everything is     nels (channel 2) is also visible in Figure 6 and
operating properly, the coin will be ejected into the  illustrates the
offset, in the sense of the direction of coin receiving station and the lag
sensor on the   55  rotation of the drum, among the lead sensing coils
channel for this coin will detect no coin at the time  for the odd and even
numbered channels of the this particular counterbore location passes under
preferred embodiment. Downstream  from  these one of the lag sensors 70'.
coils, lag coil 70a' is used to detect continued 13    25
EP 0 355 061 B1                     26 presence of a coin in one of the
counterbores of     manufactured by Motorola Semiconductor Pro- 



channel 1. Lag coil 70b' associated with channel 2   ducts, Inc. Details of
bus signal timing, register           c is  also visible in the drawing.
capacity, and other familiar parameters of micro-            d The
partially evacuated plenum is shown at 54.   processors for the MC6809 are
well documented It creates a negative pressure tending to pull coins   5
and known to those skilled in the art. The proces-     c into counterbores
S1 until they are ejected in re-  sor employs a 16 bit address bus shown as
111 sponse to the operation of one of solenoid op-       and an 8 bit data
bus 112. A multi-line control bus erated air valves 65. For purposes of
Fig. 6, the    is shown as 115 is Figure 7. plurality of solenoid operated
valves 65 associated     The preferred embodiment of the present in-
ti with channel 1, have been further denoted by sub-   10  vention uses
memory mapped I/O to the signature scripts 1 through 7 indicating their
position along  detection apparatus. Therefore, the various digital
b the direction of rotation.                          signals constituting
signature signals are located at         e Two exemplary coins are shown
after they         particular logical addresses within the system
tr have been ejected from counterbores 51a and 51d.    memory. The decoding
and driving circuitry neces- It should be understood that the drawing
illustrates   15  sary to implement a memory mapped data acquisi-       of
counterbore S1a in its position when valve 657 is   tion arrangement such
as that of the preferred activated sending a jet of air through pipe 667
embodiment is commonplace, and no further de- ejecting the coin. The
approximate trajectory of a  tails of same need be provided to understand
the oin ejected from counterbore 51a is illustrated by    novel aspects of
the construction and operation of dashed arrow 64. The coin illustrated
along this line   20  the preferred embodiment.
th for purposes of indicating the approximate trajec-       In the
preferred embodiment, system random               tiv tory of a coin so
ejected and not to indicate the    access memory is embodied by four type
6264                 12 coin's position at the time it is ejected from
coun-  random  access memory chips shown as 117a                 pr terbore
51a.                                        through 117d. In the preferred
embodiment, mem-              re As shown in Figure 6, coins ejected in re-
25  ory chips 117 are battery backed by conventional             is sponse
to operation of value 657 are unknown         battery backup arrangements
so that they are func-          res objects which are returned to the
interior of rotating  tionally nonvolatile. This allows the valid signature
La drum 50. A second exemplary trajectory is illus-    ranges obtained
during the calibration process to            val trated by dashed arrow 65
showing that  a coin       be saved during periods of time in which the ma-
ity ejected from counterbore 51 d in response to op-  30  chine is turned
off. As will be appreciated by those       as eration of air valve 654 will
be deposited in coin  skilled in the art, embodiments of the present in-
Sp receiving station 56c. The inventors used a com-     vention may be
constructed in which saved calibra- bination of calculations and empirical
tests to align  tion values are stored in other nonvolatile memory       se
the positions of air valve 65 with respect to particu-  devices such as
magnetic disks. It is well within the lar ones of coin receiving stations
56 into which   35  level of ordinary skill in the art to include a disk
illu such valves would eject coins to take account of     drive connected
to the system for storing constants        tior the tangential component of
the velocity imparted    derived from a calibration process off-line for
later      wh by the drum rotation and the radial component of     use.
ply velocity imparted by the air exiting one of nozzles     Bus circuits
111, 112, and 115 are shown as             of .
40  leading to block 118 labeled port circuits. These Between the time a
coin in a particular counter-  represent conventional computer ports, such
as            cha bore location passes under lead coil 70a, and the
serial and parallel ports, for connecting the in-          dru time it
reaches the first of air valve [err], the signa-  put/output devices of CRT
display 41, keyboard 42       rou ture detection apparatus of the present
invention    and printers 45 and 46, which are pictorially shown        Fig
acquires the three signature signals used in the   45  at console 40 in
Figure 1. The construction of such     sho preferred embodiment, compares
same to stored        circuits is conventional
air calibration values, and makes an appropriate de-        The inventors
of the present invention have             tot cision as to which one of air
valves 65 should be    recently constructed an alternate embodiment in
with operated to remove the coin from the counterbore.    which the
representative port circuits 118 have            each The apparatus which
acquires the signature signals  so   been replaced by a single conventional
serial port    pro and makes this decision will now be described.
which is used to connect the apparatus of the            in F Figure 7 is a
block diagram of the coin detec-   preferred embodiment to a conventional
small per-         cont tion and signature acquisition circuitry of the
pre-  sonal computer, such as an IBM  PC XT. This              tus. ferred
embodiment. The master controller for the     allows a number of the
maintenance, overhead, and         valve preferred embodiment is built
around a type   55  report generating functions which were previously
ical MC6809 microprocessor 110. As is known to those     written in
assembly language code and executed            to skilled in the art, this
microprocessor is a member  directly by microprocessor 110 to be moved off
ed c of the 6800 family of microprocessors currently     line. A set of
simple instructions to the micropro- 14    27                 EP 0 355 061
B1                    28 cessor to change operating parameters in the ma-
Before proceeding with a more detailed ex- 



chine and to otherwise control same has been       planation of the control
and signature acquisition defined. Additionally, it allows the creation of
a  circuitry, the relationship of the drawing figures will simplified
syntax for communication between the     first be described, so that the
description may be controller and the serial port and allows the user to
5   understood in context. As noted above, Figure 7 is use higher level
languages readily available for    a block diagram of the entire system.
There are ten such small computers to more easily perform some
individual proximity/valve boards 120 and ten in- of the report generating
and ticket printing func-  dividual collections of sensors and valves 130.
tions.                                              There is a single
connector board 122 and a single Moving to the right hand side of Figure 7,
a   to  oscillator board 125 for the entire system. Details block diagram
of the architecture of the preferred  of the blocks shown in Figure 7 are
illustrated in embodiment is shown. The address, data, and con-    Figure 8
which consist of Figures 8A through 8E. trol buses are each tied to 10
proximity/valve      First, Figure 8A illustrates oscillator board 125.
boards (PVB) 120a through 120j, the first and last  Figure 8B shows details
of connector board 122. of which are illustrated on Figure 7. Each of the
is  Figure 8C is a diagram of each of the proxim- PVBs is connected by a
plurality of conductors     ity/valve boards 120. The lead and lag signal
pro- 121a through 121j, which include a LEAD ENABLE      cessing blocks of
Figure 8C are illustrated in fur- signal provided through connector board
122 from    ther detail in Figs. 8D and 8E, respectively. oscillator board
125 on respective lines 126a          With that in mind, the details of the
other through 126j. A group of 22 lines, shown collec-  20  circuit
elements of the preferred embodiment will tively as 124, carries signals
from oscillator board  be shown. Turning next to Figure 8A, the master 125
to connector board 122. The LEAD SIGNAL is      signal source for the
system is shown in the il- provided on a respective one of lines 127 from a
lustration of oscillator board 125. The basic source respective one of lead
sensors 70. A LAG SIGNAL     of excitation signals in the preferred
embodiment is is provided on a respective one of lines 128 from   25  100
kiloHertz oscillator 131. It is important in the respective ones of lag
sensor 70a' through 70j'.    operation of the preferred embodiment of the
Lastly, a group of seven lines 129 connects the air  present invention that
oscillator 131 and the down- valve control outputs from each of the proxim-
stream  circuits carrying output signals therefrom ity/valve boards 120 to
the seven air valves 65     exhibit good amplitude stability. The output of
os- associated with the channel controlled by the re-  30  cillator 131
appears on line 132 which carries it as spective PVB. Therefore, for each
PVB 120, lines   inputs to several other devices. First, a zero cross- 126
through 128 are inputs to the board and the    ing detector 135 provides a
square wave output on seven air valve control lines 129 are the outputs.
line 136 as the clock input to a counter chain 137 It should be noted that
only signal lines are   which performs a divide by 64 function. This pro-
illustrated on the controller and signature acquisi-  35  vides a square
wave output signal of approximately tion circuitry drawings in this
disclosure. Except  1.56 kiloHertz on line 138. where otherwise noted,
signal grounds, power sup-      First, the signal on line 138 is provided
to the ply conductors and the like are omitted for the sake  control input
of an analog switch 139, the signal of simplicity and readability of the
drawing figures.  input to which is the 100 kiloHertz signal from line The
sensors and valves associated with each   40  132. This has the effect of
gating the 100 kiloHertz channel, which are mounted on the surface of the
signal from line 132 on and off of line 140 at the drum as illustrated in
Figure 5, are shown as sur-  1.56 kiloHertz rate of the signal on line 138.
The rounded by dashed lines 130a through 130j in        signal on line 138
is inverted by inverter 141, the Figure 7. Referring for a moment to Figure
5, it    output of which appears on line 142 and is pro- should be
appreciated that, for example, the seven   45  vided to the control input
of a second analog switch air valves 65 shown within block 130a correspond
145, the signal input of which also carries the 100 to the left hand column
of air valves associated    kiloHertz signal from line 132. The output from
with channel 1, as illustrated in Figure 5. Thus,   analog switch 145
appears on line 146. It will each group of air valves controlled by one of
the  therefore be understood that line 146 likewise car- proximity/valve
boards is a column of valves shown   50  ries bursts of the 100 kiloHertz
signal, the bursts in Figure 5, and constitutes the seven air valves
being at the 1.56 kiloHertz rate. Due to the action controlled for an
individual channel of the appara-  of inverter 141, the output on line 140
will pass the tus. Additionally, the groups 130 of sensors and    signal
from line 132 when the output on line 138 is valves illustrate the
electronic and electromechan-  held high. During the opposite states of
line 138, ical components of the circuitry which are secured   55  line 146
will carry the signal from line 132 and line to the drum, as opposed to
being located on print-  140 will be held low. The signals on lines 138 and
ed circuit boards.                                  140 are inputs to a
mixer 146 and the inputs from lines 142 and 146 are inputs to mixer 147.
The 15    29                 EP 0 355 061 B1                    30 outputs
of the respective mixers appear on lines    8B. Note that the connections
for one fifth of the 



148 and 149 as the inputs to low pass filters 150   connector board are
shown. Therefore, the circuitry and 151, respectively. The outputs from low
pass    shown on Figure 8B will be duplicated four addi- filters 150 and
151 appear on lines 152 and 153,    tional times on the complete connector
board 122. respectively. Also, the asserted and negated ver-   5   The
connections for the first two channels are         f sions of the 1.56
kiloHertz signal on line 138 are  shown to illustrate the connection of
exemplary odd        t provided on lines 156 and 157, respectively,
and even numbered channels to the signals from From the foregoing, the
following should be     oscillator board 125. Figure 8B is essentially
self-       t appreciated. The outputs on line 152 and 153 each
explanatory and will only be discussed briefly. carry a low pass filtered
output of a mixed signal  10  First, the ENABLE EVEN and ENABLE ODD sig-
from the 100 kiloHertz oscillator 131 and the 1.56  nals on lines 156 and
157 from the oscillator board kiloHertz signal output from divider 137.
While both  are connected directly through the board to respec- of these
signals are mixed outputs of these two     tive lines 121b and 121a for
channels 2 and 1, frequencies, it should be appreciated that the 100
respectively. As shown on the drawing, the enable kiloHertz component is
suppressed on line 152   15  signals from lines 156 and 157 are provided to
the         v when it is present on line 153, and vice versa. It  other
respective even and odd channels on the should further be appreciated that
when the EN-     connector board. An explanation of the connections
F ABLE (EVEN) signal on line 156 is active, the 100   for the odd numbered
channel 1 will be sufficient to       c kiloHertz component from oscillator
131 will be     explain the operation of the other channels. One of present
on line 152. When the ENABLE (EVEN)   20  the five lines from group 161
(Fig. 8A) is provided signal on line 156 is inactive, this signal component
directly to lead sensor 70a mounted over the drum. will be absent from line
152. However, under these    The extension of the line from 161, and the
two          p circumstances, the ENABLE (ODD) signal on line      output
lines exiting lead sensor 70a form the group        d 157 will be active
and 100 kiloHertz component will  of three lines 167a illustrated in
Figures 8B and 7.      v be present on line 153. This is the source of the
25   A pair of these lines, shown as 168a, is provided as  v alternate
excitation (with a high frequency signal  an input to instrumentation
amplifier 169a. As illus-s component) of the staggered rows of lead sensors
trated in Figure 8B, the instrumentation amplifiers        fr described
hereinabove in connection with Figure 5.  169 reside physically on the
connector board. In The outputs on lines 152 and 153 are provided,
keeping with the notation adopted elsewhere in this       ir respectively,
to five driver amplifiers shown as 158   30  specification, reference
numerals followed by let-  1 and 159 in Fig. 8A. These provide five lines
carry-  ters a through j refer to like components for chan- ing identical
even and odd excitation signals are   nels 1 through 10, respectively.
Within such sub- shown collectively as 160 and 161 in Fig. 8A.       sets,
any number which adds a prime  to circuitry      q Amplifiers 158 and 159
are provided to give ade-    associated with the sensors references an
element quate drive and isolation to the sensors.      35  associated with
the lag sensor for that channel. The output from oscillator 131 on line 132
is       The output from instrumentation amplifier 169a also provided to a
low pass filter 163, the output of  is provided on line 127a (part of group
121 a) as the which is provided to ten driver amplifiers shown as  LEAD
SIGNAL signal line provided to proxim- 162 in Fig. 8A. The output from
these drivers is   ity/valve board 120a shown in Figure 7. provided on a
collection of ten lines 165 to give the   40  Similarly, the LAG EXCITATION
signal from LAG EXCITATION signal to each of the ten lag        group 165
is provided to lag sensor 70a, the sensing coils 70a' through 70j. It will
therefore be  output of which is amplified by instrumentation appreciated
that, in the preferred embodiment, only  amplifier 169a' and provided on
line 128a to the the output from 100 kiloHertz oscillator 131 is used
channel 1 PVB. The seven air valve control lines to excite the lag coils,
since their primary purpose   45  129a for channel 1 are connected, through
connec-   ar is simply to detect the presence or absence of a    tor board
122, directly to the group of seven lines coin as each counterbore passes a
lag sensing       169a. coil.
The connections for the even numbered chan-            to Turning next to
Figure 8B, details of connector  nels, including channel number 2
illustrated on           8 board 122 (Fig. 7) are shown. The lines entering
50   Figure 8B, are identical except for the particular the drawing from
the left hand side of Figure 8B    sensors and valves associated with the
particular are the signal lines provided from oscillator board  channel to
which the connections are made, and 125 illustrated in Figure 8A. On the
right hand side,  the fact that the even enable and excitation signals
collections of lines 121a and 121b are shown for    are used. Similarly,
the connections through con-          Tt the proximity/valve board (Fig. 7)
120a and 120b   55  nector board 122 for the remaining channels are
pr for the first two channels.                         the same as those
illustrated in Figure 8B.                ga The components on connector
board 122 are           Turning next to Figure 8C, a diagram of one of
are shown surrounded by dashed line 122 in Figure      the proximity/valve
boards 120 is illustrated. Figure 16    31                 EP 0 355 061 B1
32 8C represents an exemplary PVB for one of the      189 and 190,
respectively, to the clock inputs of 



channels. Therefore, the notation a through j in-  lead width counter 191
and lag width counter 192. dicating a particular channel has been omitted
from  It is apparent from inspection of Figure 8C that the the reference
numerals on Figure 8C. The signals   lead and lag width enable signals on.
lines 179 and for line group 121 are shown entering the board at   5   180
alternately enable and disable counting by the left hand side. The
connections to buses 111,  counters 191 and 192, since they alternately
gate 112, and 115 are shown at the right hand side of   the clock signal
from width oscillator 188 on and the diagram.
off. Thus, when the lead width enable signal on line The LEAD ENABLE signal
on line 126 and the      179 goes high in response to a rising magnitude of
LEAD SIGNAL output on line 127 from the asso-  10  the lead signal on line
127, lead width counter 191 ciated lead sensing coil are provided as inputs
to  will begin counting until a decline in the lead signal lead signal
processing block 170. The LAG SIG-     magnitude on line 127 reaches a
point which NAL on line 128 is provided as an input to lag     causes the
lead width enable signal to go low. signal processing block 171. Details of
the circuitry  Therefore, the values stored in counter 191 will within
these blocks are described hereinbelow in  15  correspond to the time that
the lead width enable connection with Figures 8D and 8E, respectively.
signal was high. As will be apparent from the For purposes of discussing
Figure 8C, the following  explanation of Figure 8D, this corresponds to the
description of the outputs from signal processing  time during which the
magnitude of the high fre- blocks 170 and 171 will suffice. Low and high
quency component of the signal on line 127 was frequency peak signals
appear as analog voltages   20  above a predetermined value as an object
passed on lines 175 and 176, respectively. These are      the particular
one of lead sensor coils 70 to which provided as two inputs to four channel
analog-to-  line 127 is connected. Naturally, the count stored in digital
converter 177. A lag output signal is pro-  counter 192 after it has been
allowed to acquire a vided on line 178 to another input to A-to-D con-
count represents the width of the lag signal. verter 177. Width enable
signals for the lead sen-  25  The 8 bit outputs from counters 191 and 192
sors and lag sensors appear on lines 179 and 180   appear on respective
sets of eight lines 195 and from signal processing blocks 170 and 171, re-
196 as inputs to tristate buffers 197 and 198. spectively. Lastly, a clear
signal is provided as an   As noted hereinabove, the signature acquisition
input on line 181 to lead signal processing block  circuitry for the
proximity/valve boards 120, as 170.
30  shown in Figure 8C, are all part of memory As will be explained in
greater detail in connec-  mapped I/O address space for the system mem-
tion with Figures 8D and 8E, low and high fre-     ory. The signature
components include low and quency peak signals on lines 175 and 176 provide
high frequency peak signals from the lead sensing the signature signals
consisting of the peak of the  coil which are converted to 8 bit numbers by
A-to- amplitude of the low frequency content from the   35   D converter
177, and the leading width signal pro- LEAD SIGNAL on line 127 and the high
frequency     vided as a count output on lines 195. Additionally, signal
content from the same lead. Thus, the sig-  the lag detector signature is
provided only as a nals on lines 175 and 176 are low and high fre-    width
signal in the form of an 8 bit number which quency peak amplitude signals
forming part of the  appears on lines 196. All of the signature values
signature of the coin passing the coil to which line   40  are applied, at
appropriate times under the control 127.is connected.
of microprocessor 110 (Fig. 7) to PVB data bus The lead and lag width
enable signals on lines  182 for reading on to system data bus 112. Control
179 and 180 are the outputs of threshold detectors  logic block 210 is
simply an implementation of well which go high when the input signals on
lines 127  known address and read request control logic for and 126 are
above a threshold magnitude, after  45  reading the data values of
particular logical ad- appropriate filtering and rectification. The peak
sig-  dresses of system memory. Implementation of cir- nals are converted
to 8 bit digital values by analog-  cuitry to generate the functions of
control logic to-digital converter 177 which are provided to PVB  block 210
will be apparent to those skilled in the 8 bit data bus 182 for reading by
the system at    art. A bus control signal appears on line 211 as a
appropriate times.                            50  control signal to
bidirectional bus driver 212 which The width enable signals on lines 179
and 180  interfaces system data bus 112 to PVB data bus are provided as
inputs to the width measuring      182. Four control lines, shown as 215 in
Figure 8C circuits shown as surrounded by dashed lines 185.  control
analog-to-digital converter 177. The clear The width enable signals on
lines 179 and 180 are  output from block 210 appears on line 181 and is
provided as one input to each of respective NAND   55  provided to signal
processing blocks 170 and to gates 186 and 187. The other inputs to these
gates  the clear inputs of counters 191 and 192. Thus, are from width
oscillator 188. The outputs from    when processor 110 issues an
instruction to write NAND gates 186 and 187 are provided on lines       to
the particular address associated with the clear 17    function, line 181
goes high causing clearing of all  valves and assure that proper outputs
are being           the ot the signature values stored in the above
referenced  provided by the system for a given state into which
voltag 



circuits.                                           it is trying to place
the valves.                           sets t Separately decoded signals for
reading the          In summary, the data for the peak value and
a lead width signature and the lag width signature are   5   width value
signatures is all read-on to system data  thresh provided on lines 216 and
217, respectively. These  bus 112 from the devices shown in Figs. 8C. Valve
pulse control the tristate inputs to tristate buffers 197 and  control
words are written from system data bus 112     a mei 198 connecting the
outputs from counters 191 and    into latch 220 to control the 7 air valves
associated       output 192 to PVB data bus 182 at appropriate times
with each particular channel. Additionally, certain         and e under the
control of the microprocessor. Naturally,  10  self-testing and calibration
information is provided   herein when data is being read from the
proximity/valve    by the preferred embodiment, including the valve board
120, line 211 controls bidirectional bus driver  state reading apparatus
associated with level shift-    the in 212 to transmit data from PVB bus
182 to system     ers 226 and the lag signal output on line 178.
input data bus 112.                                           Figures 8D
and 8E show details of the lead and          voltage From the foregoing, it
should be clear that the   15  lag signal processing circuitry for blocks
170 and    lected peak and width signature values are acquired by     171
of Figure 8C. Turning first to Figure 8D, the           namic the circuitry
on the proximity/valve boards 120, as  elements shown surrounded by dashed
line 170               advant shown in Figure 8C. These values are read on
to     constitute the elements of the lead signal process-        verter '
em data bus 112 under the control of micropro-  ing circuit. The output
from an associated instru-         provide sor 110 (Fig. 7). Analysis of
the signature sig-  20   mentation amplifier 169 connected to the lead sen-
which [ERR] place under the control of the micropro-   sor of the
particular channel serviced by the PVB          signal cessor, based on
stored calibration values in sys-  appears on line 127. The lead enable
signal ap-            the tem  memory. When this is accomplished, the
pears on line 126 as the control input to an analog        to-D
microprocessor writes signals back to each proxim-  switch 230. It should
be recalled from the discus-             Th ity/valve board 120 to control
the associated col-  25  sion of oscillator board 122 (Fig. 8A) that line
126   line 24 umn of solenoid operated air valves in a sequence   is active
when the lead sensor excitation signal           which which will be
described in greater detail in connec-  contains bursts of the 100
kiloHertz higher fre-         251. tion with Figures 10 and 11. Suffice it
to say that  quency signal of the preferred embodiment. There-         and
is two decoded outputs from control logic block 210    fore, analog switch
230 alternately passes signal          whose are provided on lines 218 and
219 for latching   30  from line 127 to point 231 in the signal path of the
line 25 outputs to the air valves for the channel controlled  lead signal
processing apparatus.                        hold ci by exemplary board 120
shown in Figure 8C, and          From point 231, the signal is processed
for            signal for reading the states of those valves. When an 8
high frequency content by the circuitry shown on           same bit word (7
bits of which are used to control the   the upper portion of circuit 170
and for low fre-          8). valves) is to be written to the valves, the
word  35  quency content by the elements in the lower part ars on system
data bus 112 and is connected      of the figure. Proceeding first with the
upper por-        active to PVB data bus 182. A transition of the appro-
tion, the signal at point 231 is buffered by an            peak hi priate
sense is then made in the signal on line 218  amplifier 232 and passes
through a high pass filter       preparare to clock an 8 bit latch 220,
thus latching the valve  235 having a cutoff frequency of 52 kiloHertz. The
The word into this device. The outputs of the   40  output from the high
pass filter appears on line 236      in Figi appear on eight lines shown as
221 and are     where it is provided as input to a 200 kiloHertz
notch f provided as the inputs to output driver 222, which  notch filter
237 which removes any second har-             as filter provides sufficient
electrical drive to operate the  monics of the 100 kiloHertz high frequency
excita-        The ou solenoids associated with the air valves.
tion signal. The output from this filter is rectified by   rectifier
Additionally, information on the states of the   45  full wave rectifier
238 and the output thereof is sent  by filte valves can be read by the
system. The group of 7    through low pass filter 239 where it appears as
an         Keepin air valve control lines 129 is connected at point 225
output on line 240. From the foregoing, it will be      plifier to the
outputs of drivers 222 and to the inputs of  appreciated that filter 235
attenuates any low fre-        signal f level shifters 226. The level
shifters convert the  quency components in the signal from point 231,
261 wil signal levels used to drive the solenoids to appro-  so  and the
combination of rectifier 238 and low pass    indicativ priate logic levels
which appear as outputs on lines  filter 239 provides a signal output on
line 240          from th 227. These are provided as inputs to tristate
buff-  indicative of the magnitude of the high frequency         signal f
ers 228. When the microprocessor writes to the      content of the signal
entering the processing ap-          compar. address associated with
control line 219, tristate  paratus on line 127.
nested buffers 228 are activated to connect the output on   55  The signal
on line 240 is used to generate both      bination lines 227 to PVB data
bus 182 so that information   the peak signature signal and the width
signature         as com about the current states of the valves may be
read.  signal of the preferred embodiment. The output on        in lead
This information is used to detect inoperative      line 240 is provided as
an input to comparator 241,       output f 18    35                 EP 0
355 061 B1                    36 the other input of which is connected to
reference  180 is used to control lag width signature counter voltage
source 242. Reference voltage source 242    192 (Fig. 8C) inthe same
manner. 



sets the trigger level for width counter 191 (Fig.     The signal from
point 261 is also provided to 8C) and thus serves to define a predetermined
line 178 as the lag output signal which in turn is threshold value for the
definition of the width of the   5   provided to A-to-D converter 177 (Fig.
8C). As pulse which will appear at point 240 in response to  discussed in
connection with Fig. 8C, this signal is a metallic object passing the lead
sensor. The      used during calibration and testing of the apparatus
output from comparator 241 appears on line 179      but is not, in the
preferred embodiment, used to and controls the width counter as described
generate a signature signal during normal opera- hereinabove in connection
with Figure 8C.      10  tion. The signal from line 240 is also provided as
As noted hereinabove, and as will be apparent the input to a summing
amplifier 245, the other     from inspection of Figure 8D, only the peak
value input of which is connected to negative reference  for the low
frequency channel of lead signal pro- voltage source 246. Reference source
246 is se-     cessing circuitry 170 is used in the preferred em- lected to
be negative in order to expand the dy-  15  bodiment although width values
could also be used namic range of the output signal on line 247 to take  in
connection with coinage systems requiring a advantage of the full scale of
analog-to-digital con-  fourth signature signal to reliably discriminate
verter 177 (Fig. 8C). The output on line 247 is     among members of the
system. provided to a conventional peak hold circuit 248       Figure 9
represents typical peak and width which acquires and holds the peak value
of the   20  values for the high frequency channels for United signal on
line 247 and applies same on line 176 as  States quarters and dimes,
respectively. The curve the HIGH FREQUENCY PEAK signal provided to A-
shown as 275 represents the output signal on line to-D converter 177.
240 in response to a quarter passing one of the The signal from point 231
is also provided on   sensing coils. The curve labeled 276 represents line
249 as an input to a buffer amplifier 250, from   25  the signal level on
line 240 (Fig. 8D) in response to which it passes to a 2.6 kiloHertz low
pass filter  the passage of a U.S. dime. The voltage level 251. The output
from this filter appears on line 252,  indicated as Vref on Figure 9
represents the refer- and is rectified by a second full wave rectifier 255
ence voltage established by source 242 shown on whose output appears on
line 256. The signal from   Figure 8D. It should be understood that the
curves line 256 is provided as the input to a second peak   30  represented
in Figure 9 are exemplary only and the hold circuit 257 which retains the
peak value of the  actual curves generated by coins can vary widely signal
on line 256 on line 175, which provides     in shape. Additionally, various
additional curves will same to the analog-to-digital converter 177 (Fig.
be generated for other objects, such as tokens and 8C).
foreign coins, which the apparatus of the present Whenever control logic
210 (Fig. 8C) puts an   35  invention can reliably detect and identify.
active clear signal on line 181, the outputs from      Considering the case
of the quarter for a mo- peak hold circuits 248 and 257 are reset to zero
in  ment, it will be appreciated that a substantial volt- preparation for
the occurrence of the next pulse.  age output is provided in response to
the passage The lag signal processing circuit 171 is shown  of a quarter
under one of the sensors. The quarter in Figure 8E. It simply includes a
200 kiloHertz  40  signal crosses the reference voltage at a time in- notch
filter 258 which performs the same function  dicated at dashed line 277. It
continues to rise until as filter 237 in the lead signal processing
circuit.  it reaches a peak voltage represented as vpq on The output from
this filter is rectified by a full wave  Figure 9. The signal then begins
to drop as the rectifier 259, the output of which is low pass filtered
quarter moves on past the sensor until it falls below by filter 260 to
provide a signal at point 261.  45  the reference voltage at a time
indicated by dashed Keeping in mind that the lag coil connected am-    line
278 on Figure 9. Therefore, the time the signal plifier 169' is excited
only by the 100 kiloHertz  is above the reference voltage is the quarter
width signal from the oscillator board, the signal on point  signal shown
by dimension line Wq on Figure 9 261 will be understood to be a positive
voltage     and this corresponds  to the count obtained by indicative of
the magnitude of the detected signal  50  counter 191 (Fig. 8C). from the
lag sensor. During normal operation, the      The corresponding curve for
the U.S. dime is signal from line 261 is provided as one input to a  less
sharp and has a lower peak value. Thus, the comparator 262, the other input
of which is con-    peak value VPD is significantly lower. As a result,
nected to reference voltage source 265. This com-  the period of time
during which the signal is above bination serves the same threshold setting
function   55  the reference voltage is correspondingly lower and as
comparator 241 and reference source 242 serve   is represented by period
[err] shown in drawing in lead signal processing circuit 170. Thus, the
Figure 9. Again, this represents a count obtained output from the
comparator which appears on line   by counter 191 when enabled by the
output of    37                 EP 0 355 061 B1                     38 NAND
gate 186 (Fig. 8C).                            is not preknowledge of the
order in which coins of Naturally, it will be understood by those skilled
particular denominations will appear, it is quite ap- in the art that
processor 1 10 is kept rather busy. In  parent that it is possible for a
coin which is phys- 



the preferred embodiment, the time between pas-     ically behind another,
that is, in an upstream coun- sage of adjacent counterbore centers past a
given   5   terbore with respect to the sense of rotation, to       tic
point is on the order of 93 milliseconds. The chan-  require ejection
before the downstream  coin. In           of nel clear signals can all be
issued on line 181     other words, coins may be ejected "out of order"
substantially simultaneously for all of the channels  with respect to their
movement past a predeter-          be since all PVBs decode the same signal
as a clear.   mined point on the sensor array.
of Thus, once the peak and width values have been   10    To simplify the
work of the microprocessor as cleared, the following should be apparent
from the  much as possible, the present inventors have cre- foregoing
description. First, both the peak and     ated an queuing system for
controlling coin ejec- width detection apparatus operates asynchronously
tion by the air valves. For each channel, a 7 bit with respect to the
master timing source controlling  word is defined in machine memory which
is ma-           in microprocessor 110. Thus, once the last acquired   15
nipulated logically to operate as seven parallel shift  the signal levels
are cleared, the next set of peak and  registers. The coin ejection memory
queue is im-           ha width value signals will be automatically
acquired  plemented by giving the machine access to one of           thr by
the circuitry shown on Figures 7 and 8 without  7 bits in response to each
coin detected. However,         roe further assistance by or attention from
micropro-     one and only one particular bit of each of the 7 110.
20   words may be set, depending on the denomination Data is read at
substantially the time at which  of the coin detected. the center point
between two adjacent counter-          To understand the operation of this,
reference bores on a given channel is passing under the lead  is made to
Figures 5,10, and 11 A through 11E.             the sensors. Due to the
speed at which microprocessor   Figure 10 shows the logical structure of
the coin          coil 1 10 can read data from its data bus, the machine
25  ejection memory queue using four of the seven         fully
sequentially polls the ten channels, in a short pe-  shift registers as an
example. Five words labeled         ed, riod of time, to acquire the
signature signals from  No through N4 are shown. At the top, are the the
last row of ten counterbores passing the lead   letters Q, N, P, and D
which represent quarter,            of coils. Once these are stored, it
need only issue    nickel, penny, and dime, respectively. As the drum
may appropriate clear signals to reset the signature ac-  30   physically
rotates, the words are logically shifted in  the quisition apparatus to its
initial conditions in prep-  a downward direction. Therefore, this memory
are aration for the approach for the next row of coun-  queue structure may
be thought of as four parallel         quet terbores. In the meantime,
microprocessor 110      shift registers, one for each coin denomination. In
four compares the signature values obtained to the       the full 7 bit
wide memory queue of the preferred         sens ored calibrated values, and
determines the de-  35  embodiment, two of the remaining shift registers
nominations of the coins for each channel for the   (not shown in Figure
10) are devoted to the two          tion counterbore row which just passed
the sensors.      other coin receiving stations 58 (Fig. 3) and the last
used When this is accomplished, appropriate output sig-  shift registers
devoted to unknown values which will      The als are provided into a
memory queue to control    be ejected back into the interior of the drum.
Dur-       for a the operation of solenoid operated air valves 65 as   40
ing conventional use, one of the shift registers   by a the particular
counterbores just analyzed pass un-  associated with the coin receiving
station will be       discu der the air valve array. Once this is
accomplished,  used for off sort items. The left hand bit of each
corre the microprocessor is ready to read the next set of  word appears
under the "Q" column and thus this         tion r 30 signature signals
(three from each channel) and  column represents a shift register which
controls         drum proceed to process the data for the next row of  45
the air valve which ejects coins into the quarter        array.
counterbores.                                       coin receiving station.
Turning to Figure 5 for a           In Once the coin denomination has been
deter-       moment, the right most bits shown in Figure 10 in
locatic mined, it is appropriate to be able to output a     the "Q column"
will always be used to activate, or        set b signal which will control
ejection of the coins from  fail to activate, the air valve in this
particular chan- the counterbores i n a manner such that the micro-  50
nel which appears on row 61d in Figure 5. Simi-       operal processor does
not need to concern itself further   larly, the next column proceeding to
the right is the    this e. with the relative positions of the coins as
they pass  nickel column and the bits in this column will         Figure
over the coin receiving stations shown in Figures 3  activate the air valve
for this channel which appears   detect and 6. However, it should be noted
that the se-     on row 61c. In a similar manner, the "P" column
is set quence of coin denominations in adjacent counter-  55   bits control
the air valve on row 61 b and the "D"   of Pos. bores of the same channel
is random. Since the      column bits control the air valve on row 61a.
respon coin receiving stations are spaced apart by the         The notation
on  Figure 10 indicates that all        sequer distance between adjacent
counterbores, but there   valves are read as the output of word 0 each time
a      the fou 20    39                 EP 0 356 061 B1
40 new set of counterbores becomes centered over          When the contents
of the next counterbore has respective ones of the coin receiving stations
been detected, all four logical shift registers of the The diagonal set of
letters, Q, N. P. and D     coin ejection queue have been shifted downward 



shown in words N4 through [err] represent the par-    by one and the
microprocessor will set one of the ticular bit which will be set in
response to detection    5   diagonal bits in response to the detection of
the of coin denomination. As noted on the left hand    penny. As may be
seen from inspection of Fig. side of Figure 10, once the coin denomination
has  11B this gives the expected logical bit pattern on been determined by
the sensor, one and only one    the diagonal of 0010 corresponding to
detection of of these 4 bits will be set, assuming that a valid  the penny.
The previous 1000 diagonal has been coin of one of these four denominations
is de-  10  shifted downward one bit, and the four don't know tected.
Therefore, if for any given counterbore, a  conditions which were at read
word No at time [err] quarter is detected, a 1 will be placed in the left
have been shifted out. At time T2 the first bit from most bit of word N4
where the letter "Q" appears   the example arrives at read word No. This is
the in the drawing. If, instead, a penny was detected,  zero bit in the
dime shift register. This indicates the second most significant bit of word
N2 would  15  that the dime solenoid will not be activated for this have
been set and the remaining bits in words [err]   channel at time T2.
through N4 would remain unchanged (i.e., as ze-        Turning to Figure 5,
and again assuming that roes).
the present example is for sensor coil 70b spaced From inspection of Figure
10, it follows logi-  one counterbore distance from dime air valve row
cally that the sensing coil is, both physically and   20  61a, it will be
appreciated that this is the proper temporally, located one
intercounterbore distance  system response. Since a quarter was detected at
away from the rank of dime ejecting air valves. In  time [err], and it has
moved one counterbore position the preferred embodiment, this will hold
true for  at time T2, this quarter is, at time T2, located under coils 70b,
70d ... through 70j. However, it will be  the dime air valve on row 61a.
Therefore, the zero fully appreciated that the queue can be construct-  25
which appears in the right most bit of word No at ed, will operate
properly, for sensors which are   time T2 (Fig. 11 B) is appropriate.
further upstream simply by increasing the number       Another coin is
read, the counterbores move of words between the [err] through N4 set which
one position, and time T3 arrives. The state of the may be manipulated by
the microprocessor, and      memory queue at time T3 is shown in Fig. 11C.
the word corresponding to No at which all valves  30   Note, that another
diagonal bit set will be written at are read. Thus, one extra word will
appear in the  time [err] but is not shown in the drawing figures, queue
between the nibble which is read and the     again to focus on the response
of the machine to four [err] through N4 words for the channels using    the
two coins of the example. At time [err], both the sensor 70a, 70c ... 70i.
penny and dime air valves are responding to zeros To understand the
operation of this coin ejec-  35  which were placed in the queue as a part
of the tion memory queue, a particular example will be    example. Again,
turning to Figure 5, it will be used in connection with Figs. 11A through
11E.     understood that this is appropriate by considering The particular
example assumes acquisition of data  the sequence already described. At
time T3, the for a first counterbore containing a quarter, followed
quarter will have advanced to row 61b and will by a counterbore containing
a penny. During this  40  therefore be over the penny coin receiving
station. discussion, reference will be made to Figure 5 to  The penny, one
counterbore behind, will have ad- correlate the logical manipulation of the
coin ejec-  vanced over the dime coin receiving station and tion memory
queue with physical movement of the    will be under the valve on row 61a.
Therefore, the drum past the sensors and under the air valve      two zeros
which have resulted on detection of the array.
45  two coins in the example give the correct result. In Figs. 11A through
11E, X's in the memory        Again, another shift takes place and the bit
location represent dont know conditions which were  pattern 001 now appears
as the three left most bits set by the microprocessor in response to pre-
of read word No. It will be apparent that, whenever viously detected coins.
This is to help focus the  a 1 appears at a given bit position in word No,
a operation of the queue on the two coins which form   50  corresponding
air valve is to be activated. At time this example. The state of the memory
queue in     [err], the penny shift register is the one which has Figure 11
A is shown at time [err]. A quarter has been  the 1 at word No. detected
and therefore the left most bit of word N4    Once again returning to
Figure 5, it will be is set to 1 and the other three bits on the diagonal
appreciated that, at time [err] the quarter has ad- of possible bits to be
set are left as zeros. Thus, in  55  vanced to row 3 and is thus over the
nickel coin response to the detection of a quarter, the bit    receiving
station. Therefore, the zero in the nickel sequence 1000 is written on the
diagonal through   column of the coin ejection memory queue 1S the four
words [err] through [err].                      appropriate. However, the
penny of the example is 21    4i               EP 0 355 061 B1
42 one counterbore behind and is now over the penny     value for that
particular counterbore is compared to coin receiving station. Figure 11 D
indicates that a   then current maximum and minimum stored values is
present in the read word for the penny shift      and, if greater than the
maximum or less than the 



register and, in fact, the air valve from row 61b for  minimum, the new
value replaces the old. this particular channel will be activated ejecting
the    5  Furthermore, during the calibration mode of penny into the penny
coin receiving station.         operation, the solenoid operated air valves
on row Lastly, we come to one more shift of a counter-  61g (R7 in Figure
S) are activated to return each of bore position at time [err], which is
illustrated in   the objects to the interior of the drum. This causes
Figure 11 E. In Figure 11 E, a 1 appears in the read  a random mixing of
the objects and will cause, at word for the quarter column and indeed,
between   10  various times during the calibration operation, the times
[err] and [err], the quarter has advanced from its   same object to be
detected by different ones of the position over the nickel coin receiving
station to   sensing coil 70 in different particular ones of the one over
the quarter coin receiving station. There-  counterbore locations. In this
way, an excellent fore, the valve for this channel on row 61d is
statistical sample of the response of a given ma- activated and the quarter
is ejected into the appro-   15  chine embodying the present invention to a
repre- priate coin receiving station.                       sentative
sample of known objects of particular From the foregoing, it will be
apparent that the  type is obtained in data stored for the valid set of
detected coin values are translated into a diagonal  signature signals. As
noted hereinabove, this can bit pattern in the coin ejection memory queue
in     be stored in any form of nonvolatile memory in- which one and only
one bit of the diagonal pattern   20  cluding off-line devices. is set in
response to detection of any given coin. It      Naturally, when
calibrating the system to detect should further be noted from inspection of
Figs.     members of a particular coinage system, the ma- 11 A through 11E,
physically, the quarter preceded   chine must be calibrated in the above
described the penny by one counterbore position. However,      manner with
respect to each member of the set of since the penny coin receiving station
is two coun-   25  the coinage system. When this accomplished, a terbore
positions upstream from the quarter coin    large number of variables
within the machine, receiving station, the penny was ejected first, at
which can vary significantly among different coun- time T4.
terbore locations sensing coils 70, but which pa- From this it should be
appreciated that, once a  rameters do not vary significantly over time for
a coin value is determined for a given channel,  30  given machine, are all
accounted for during calibra- microprocessor 110 need only write the
appropriate  tion. diagonal bit pattern into the coin ejection memory
It will further be apparent that the apparatus is queue and it need concern
itself no further with     readily adaptable to changes in the coinage
system keeping track of what coin is where, other than to  that needs to be
handled by any operator. For implement the steps necessary to perform the
very   35  example, if some form of token needs to be de- simple shifting
function required to operate the     tected, it need only be loaded in and
the machine queue.                                               calibrated
for same. Naturally, various ones of coin As noted hereinabove, the present
apparatus      receiving stations 56 can be defined to receive lends itself
quite readily to self-calibration. The  those coins during any subsequent
operation by apparatus can be placed in a calibrating mode of  40  simple
operations at keyboard 42 (Fig. 1). Likewise, operation under control from
the console 40 (Fig.   the machine is readily adaptable, through the cali-
1). When in this mode of operation, a representa-    bration process, to
other changes in coinage, such         2. tive sample of a collection of
know objects, for     as governmental changes in alloy content in order
example, United States quarters or bus tokens from  to save minting costs.
a particular transit system, are loaded into the   45   The foregoing has
been a full and complete drum of the preferred embodiment. The apparatus
description of the preferred embodiment of the is turned on and
proximity/valve boards acquire      present invention. From this
description it will be sets of the two peak and one width signatures as
appreciated that the present invention overcomes described hereinabove in
connection with its sor-   the drawbacks of the prior art noted hereinabove
3. ting and counting mode of operation. Naturally, if  50  and also
accomplishes the object of the present the coinage system at hand appears
to acquire the    invention previously recited. From the foregoing use of
additional signature signals, same can be     description,  many variations
and equivalent struc- defined for such a system in embodiments of the
tures will suggest themselves to those skilled in the present invention.
art and therefore the scope of the present invention During the calibration
mode of operation, each   55  is to be limited only by the claims below.
acquired signature value for each individual coun- terbore location S1
within the drum is stored in
4 memory 117 (Fig. 7). Each new acquired signature 22    43
EP 0 355 061 B1                      44 Claims
said signal processor (170) includes a rec- tifier (238) for rectifying
said output signals to 1. A sensor for identifying members of a pre-
provide a first rectified output signal in re- 



determined set of metallic objects, each mem-         sponse to said first
frequency component in ber of said predetermined set of objects hav-   5
said output signals, a first holding circuit (248) ing a characteristic
predetermined metallic           for detecting and storing a first peak
value of content and a predetermined geometry of the           said first
rectified output signal, and a thresh- type including a transformer coil
(70) having a       old detector (241) and timer (191) for measur- primary
winding (72,73) and a secondary wind-         ing a first time period
during which said first ing (71,74); a carrier for causing relative move-
10  rectified output signal has a magnitude ex- ment of members of said
predetermined set of          ceeding a first predetermined magnitude and
metallic objects, one at a time, past said trans-     for providing a first
width value in response former at substantially a predetermined con-
thereto; and stant velocity; a, memory device (117a-1 17d)             said
first signature signal comprises first for storing a predetermined set of
object iden-   is  peak value and said first width value. tification output
signals at least one of which corresponds to each member of said predeter-
5. A sensor as recited in claim 4 further char- mined set of objects and at
least one of which        acterized by: corresponds to an unknown object,
and for                 said signal processor (170) including a storing at
least two signature values for each   20   second rectifier (255) for
rectifying said output member of said predetermined set of metallic
signals to provide a second rectified output objects; and a signal
generator (125) for excit-      signal in  response to said second
frequency ing said primary winding (72,73) with an elec-        component
in said output signals, a second trical signal; characterized by:
holding circuit (257) being responsive to said said electrical signal from
said signal gen-   25  second rectified output signal to detect and erator
(125) having at least two distinct first       store a second peak value of
said second and second frequency components;                      rectified
output signal; and a signal processor (170) connected to said
said second signature signal comprises secondary winding (71,74) for
processing out-         said second peak value. put signals from said
secondary winding into a   30 first signature signal responsive to said
first   6. A sensor as recited in any of the preceding frequency component
in said output signals            claims, wherein: and a second signature
signal responsive to               said first and second frequency compo-
said second frequency component in said out-          nents differing from
each other by at least 2 put signals; and                             35
octaves. a microprocessor (110) connected to said memory device and said
signal processor for       7. A sensor as recited in any of the preceding
providing one of said object identification out-      claims, wherein: put
signals in response to said first signature           said first frequency
component is within signal and said second signature signal.     40
one octave of one hundred kiloHertz. 2. A sensor as recited in claim 1,
wherein said       8. A sensor as recited in any of the preceding carrier
is in the form of a support for holding       claims, wherein: said
transformer (70) at a predetermined loca-            said second frequency
component is with- tion in a predetermined orientation above a   45      in
one octave of 1.5 kiloHertz. predetermined path carrying said metallic ob-
jects past said transformer.                      9. A sensor as recited in
any of the preceding claims, wherein: 3. A sensor as recited in claim 1 or
2, wherein              said second frequency component  is an said
transformer (70) has a longitudinal axis  50     integer submultiple of
said first frequency com- (76) about which said primary (72,73) and sec-
ponent. ondary (71,74) windings are wound, said lon- gitudinal axis being
perpendicular to said pre-   10. A sensor as recited in any of the
preceding determined path carrying said metallic objects        claims, and
further comprising past said transformer.                       55
a controller (40) for selectively and alter- nately causing said sensor to
operate in a 4. A sensor as recited in any of claims 1 to 3,
calibration mode of operation and an identifica- wherein:
tion mode of operation, said controller includ- 23
11111111111111111111111111111111    45                  EP 0 355 061 B1
46 ing a selectively operable input device (42) for        passing the one
of said coin sensors (70) lo- providing a plurality of object
identifications        cated over said particular one of said channels;
signals to said memory;                                and said calibration
mode of operation being               a controller (40) connected to said
array of 



one in which said controller (40) responds to    5     air valves (70) and
said coin identification cir- said first and second signature signals and
one        cult (170) for providing an activation signal to a of said
object identification signals correspond-      particular one of said air
valves (70) located ing to a particular selected one member of
over said particular one of said channels (C1- said set of objects to
provide said stored first       C10) in response to said particular coin
iden- and second signature values, corresponding to   10     tification
signal to cause said metallic object to         15. said particular
selected one member, to said           be ejected into a corresponding
particular one memory for storage therein; and                        of
said coin receiving stations (56a-56f). said identification mode of
operation being one in which said controller (40) responds to       12. A
coin handling apparatus of the type recited said first and second signature
signals and   15       in claim 1 1, wherein: said plurality of stored
first and second signa-           at least one member (61g) of said array
of ture values to provide said object identification      air valves (70)
is angularly displaced from said output signal conditions.
plurality of elongated coin receiving stations (56a-56f) such that
activation of said one mem- 11. A coin handling apparatus of the type
including   2o   ber (61g) when said one of said counterbores
16. a rotating cylindrical drum (50) having an axis        (51) is under
said member (67g) is operative to of rotation and having a plurality of
counter-         eject said metallic object in said counterbore bores (51)
disposed in a plurality of channels         back into said cylindrical drum
(50). [err] lying in planes perpendicular to said axis of rotation, each of
said counterbores (51)   25   13. A coin handling apparatus of the type
recited having a hole therein (52), a cylindrical housing      in claim 11
or 12, wherein: surrounding said rotating cylindrical drum  to
said controller (40) includes an ejection form a plenum between the inner
surface of             signal cue memory logically arranged as at said
rotating cylindrical drum and said cylin-          least N shift registers,
N being an integer at drical housing, a pump for creating a partial   30
least as large as the number of said plurality of vacuum  with said plenum
such that the air            channels (C1-C10) each of said shift registers
17. pressure within said rotating cylinder is higher       having at least
M bit positions, M being an than the air pressure at the outer surface of
integer equal to the number of said plurality of said rotating cylinder, a
motor (27) for rotating      coin identification signals associated with a
said cylindrical drum  within said cylindrical   35    predetermined set of
valid coins; housing in a predetermined direction of rota-
said controller being responsive to said tion;
coin identification circuit (170) to load said an array of coin sensors
(70) disposed on          activation signal into a particular one of said M
said cylindrical housing such that at least one        bit positions in
response to said coin identifica- of said coin sensors is located over each
one   40     tion circuit providing a corresponding particular of said
channels (Cl-C10);                             one of said plurality of
coin identification sig- a plurality of elongated coin receiving sta-
nals and to shift the contents of said shift tions (56a-56f) located within
said cylindrical        registers in synchronism with rotation of said drum
along lines parallel to said axis of rota-        rotating cylindrical drum
(50); and tion;                                         45           said
controller being connected to said ar- an array of selectively operable air
valves         ray of air valves (70) such that, for each chan- (70)
disposed on said cylindrical housing such         nel of said plurality of
channels (C1-C10), each that at least one of said air valves is located
one of said array of air valves disposed over substantially over each of
said coin receiving         said channel is operatively connected to a par-
stations (56a-56f) for each of said channels   50      ticular one of said
bit positions of the particular (C1-C10);
one of said N shift registers associated with characterized by: coin
identification circuit      said channel. (170) connected to said array of
coin sensors for providing a particular coin identification sig-  14. A
coin handling apparatus of the type recited nal from a plurality of coin
identification signals   55  in any of claims 11 to 13, wherein: in
response to each occurrence of a metallic               said array of coin
sensors (70) disposed object lodged in one of said counterbores (51)
on said cylindrical housing includes for each of of a particular one of
said channels (C1-C10)          said plurality of channels (C1-C10), at
least 24 I 1111111111111111111111111    47                 EP 0 355 061 B1
48 one lag sensor (70') angularly displaced from        fourth coil
position. said plurality of elongated coin receiving sta- tions (56a-56f)
with respect to the direction of  18. A transformer as recited in claim 17,
and fur- 



rotation of said cylindrical drum (50) for detect-   ther comprising: ing
said metallic object lodged in one of said    5      an elongated bore hole
(77) substantially counterbores (51) passing beneath said lag
aligned with said longitudinal axis; sensor and providing a coin present
signal in            a slug (78) of ferromagnetic material sized response
thereto.                                    to fit within said elongated
bore hole (77); and an adjusting device for selectively position- 15. A
coin handling apparatus of the type recited   10   ing said slug at
positions within said elongated in any of claims 11 to 14, wherein:
bore hole between said second coil position said controller (40) further
comprising a         and said third coil position. counter for maintaining
a plurality of count values, each one of said plurality of count       19.
A transformer as recited in claim 18, wherein: values being for the number
of occurrences of  15        said slug (78) of ferromagnetic material is a
particular coin identification signal from said    disposed within the
non-ferromagnetic carrier plurality of coin identification signals from
said   (75) has a threaded outer surface, and said coin identification
circuit.                         adjusting means comprises helical threads
dis- posed on the inner wall of said bore hole (77). 6. A coin handling
apparatus of the type recited   20 in claim 15, wherein:
PatentansprUche each one of said plurality of count values is decremented
for each occurrence of said        1. Sensor zum Identifizieren von
Elementen aus coin present signal from said lag sensor (70'),      einem
festgelegten (vorbestimmten) Satz von generated in response to said
metallic object  25    metallischen Objekten, wobei jedes Objekt die-
passing said lag sensor in one of said plurality     ses festgelegten
Satzes von Objekten einen of counterbores (51) which metallic object
charakteristischen, festgelegten  metallischen caused said coin
identification circuit to pro-      Gehalt und eine festgelegte Geometrie
auf- vide said particular coin identification signal.     weist, mit einer
Obertragerspule (7), die Ober 30      eine Primarwicklung (72, 73) und eine
Sekun- 17. A transformer for use in a sensor for identify-      darwicklung
(71, 74) verfOgt, einem Trager zur ing metallic objects of the type
including a         HerbeifUhrung einer Relativbewegung der Ele-
non-ferromagnetic bobbin (75) having a lon-          mente des festgelegten
Satzes metallischer gitudinal axis (76) and a rectangular geometry
Objekte am Obertrager vorbei, jeweils einzeln in cross sections
perpendicular to said longitu-   35  (und) mit im wesentlichen einer
festgelegten dinal axis, a primary winding comprising a first
konstanten Geschwindigkeit, einer Speicher- coil (72) and a second coil
(73) connected in        vorrichtung (117a-177d) zum Speichern eines series
with said first coil to form a two terminal   festgelegten Satzes von
Objektidentifizieraus- connection to said primary winding, and a sec-
gangssignalen, von denen mindestens eines ondary winding (71,74),
characterized by:   40       jedem  Element des festgelegten Satzes von at
least four coil positions, including a first   Objekten und mindestens
eines einem unbe- coil position, a second coil position, a third coil
kannten Objekt entspricht, und zum Speichern position, and a fourth coil
position lying in        von mindestens zwei Kennzeichnungswerten planes
perpendicular to said longitudinal axis       fOr jedes Element des
festgelegten Satzes me- and being disposed along said longitudinal axis  45
tallischer Objekte, sowie einem Signalgenera- at respectively increasing
distances from  a         tor (125) zum Erregen der Primarwirklung (72,
predetermined end of said bobbin;                    73) mit einem
elektrischen Signal, said secondary winding comprising a third
dadurch gekennzeichnet, coil (71) and a fourth coil (74) connected in
daB das elektrische Signal vom Signalgenera- series at a connection point;
50       tor (125) mindestens zwei bestimmte erste und a conductor
connecting said connection            zweite Frequenzkomponenten aufweist,
point to one terminal of said two terminal con-      dal ein
Signalprozessor (170) mit der Sekun- nection to said primary winding
(72,73); and         darwirklung (71, 74) verbunden ist zum Verar- said
first coil (72) being located at said        beiten der Ausgangssignale von
der Sekundar- second coil position, said second coil (73) be-   55
wicklung in ein erstes Kennzeichnungssignal ing located at said third coil
position, said third  entsprechend der ersten Frequenzkomponente coil (71)
being located at said first coil position,  in den Ausgangssignalen und ein
zweites and said fourth coil (74) being located at said
Kennzeichnungsignal entsprechend der zwei- 25    49                EP 0 355
061 B1                     50 ten Komponente in den Ausgangssignalen, und
speichern, und                                           ir daB ein
Mikroprozessor (110) mit der Speicher-         das. zweite
Kennzeichnungssignal den                 n vorrichtung und dem
Signalprozessor verbun-        zweiten Spitzenwert enthalt. 



den ist, um eines der Objektidentifizieraus-                      .
gangssignale in Abhangigkeit vom ersten und   5   6. Sensor nach elnem dbr
vorangehenden An-,                z zweiten Kennzeichnungssignal zu
liefern.           sprfche, dadurch gekennzeichnet, daB die ersten und
zweiten Frequenzkompo-                z 2. Sensor nach Anspruch 1, dadurch
gekenn-             nenten sich um mindestens zwei Oktaven von-      .
zeichnet, daB der Trager in Form einer AbstUt-     einander unterscheiden.
. zung zum Halten des Obertragers (70) an ei-  10 nem  festgelegten Ort in
einer festgelegten    7. Sensor nach einem der vorangehenden An-
c Orientierung uber.einer festgelegten Strecke,      sprtche, dadurch
gekennzeichnet, daB                      2 auf der die metallischen Objekte
an dem Ober-          die erste Frequenzkomponente innerhalb trager
vorbeigef~hrt werden, vorliegt.             eienr Oktave von 100 kHz liegt.
r 75 3. Sensor nach Anspruch 1 oder 2, dadurch ge-      8  Sensor nach
einem der vorangehenden An- kennzeichnet; daB der Obertrager (70) eine
spr~che, dadurch. gekennzeichnet,' daR 'Lngsachse (76) aufweist, um die
herum die             die zweite Frequenzkomponente innerhalb K..-G
Primar-. (72, 73) und Sekundarwicklungen (71, .   einer Oktave von 1,5 kHz
liegt. 74) gewickelt sind und die senkrecht zu der  20 festgelegten Strecke
steht, auf der die metalli-  9. Sensor nach einem der vorangehenden An-
schen Objekte 'an dem Obertrager vorbeige-         spruche, dadurch
gekennzeichnet, daB fihrt werden.
die zweite Frequenzkomponente ein ganz- zahliger Teller (in einer Zahl
enthaltener ganz- 4. Sensor nach einem der AnsprUche 1 bis 3,  25
zahliger Faktor) der ersten Frequenzkompo- dadurch gekennzeichnet, daB
nente ist. der Signalprozessor '(170) einen Gleich- richter (238) zum
Gleichrichten der Ausgangs-  10. Sensor nach einem der vorangehenden An-
signale zwecks Lieferung eines ersten gleich-      sprlche, femer
umfassend: gerichteten Ausgangssignals in Abhlngigkeit  30        eine
Steuereinheit (40), um den Sensor von der ersten Frequenzkomponente in den
selektiv und abwechselnd in einem Eich- oder Ausgangssignalen, eine erste
Halteschaltung        Kalibriermodus und einem Identifiziermodus ar-' *
(248) zum  Detektieren und Speichern eines          beiten zu lassen, wobel
die Steuereinheit eine ersten Spitzenwertes des ersten gleichgerich-
selektiv bedienbare Eingabevorrichtung (42) teten'Ausgangssignals und einen
Schwellen-  35     zur Lieferung einer Anzahl von Objektidentifi-
wertdetektor (241) sowie einen Zeitgeber (191)     ziersignalen zum
Speicher aufweist, zum  Messen einer ersten Zeitperiode bzw.
der Kalibriermodus so beschaffen ist, daB -spanne, wahrend der das erste
gleichgerichte-     in diesem die Steuereinheit (40) auf erste und te
Ausgangssignal eine GrQfle aufweist, die        zweite
Kennzeichnungssignale und eines der eine erste festgelegte GroBe
Obersteigt, und   40  Objektidentifiziersignale entsprechend einem * zum
Liefern eines ersten Breitenwertes in Ab-      bestimmten gewghlten Element
des Satzes hangigkeit davon, aufweist und                    von Objekten
anspricht, um die gespeicherten das erste Kennzeichnungssignal den er-
ersten und zweiten Kennzeichnungswerte, die . -   . sten Spitzenwert und
den ersten Breitenwert      .dem  bestimmten gewghlten einen Element
enthait.                                  45       entsprechen; zum
Speicher zur Speicherung darin zu liefern, und - 5. Sensor nach Anspruch 4,
dadurch gekenn-                 der Identifiziermodus so beschaffen ist,
zeichnet, daB                                      daB in diesem die
Steuereinheit (40) auf erste der Signalprozessor (170) einen zweiten
und zweite Kennzeichnungssignale und die An- Gleichrichter (255) zum
Gleichrichten der Aus-  50  zahl von gespeicherten ersten und zweiten
gangssignale aufweist, um ein zweites gleich-      Kennzeichnungswerten
anspricht, um die Ob- gerichtetes' Ausgangssignal in Abhangigkeit
jektidentifizierausgangssignalbedingungen. zu von der zweiten
Frequenzkornponente in den         liefern. Ausgangssignalen zu liefern,
wobei eine zweite.
12 Halteschaltung (257) auf das zweite gleichge-  56  11. Vorrichtung zum
Handhaben von MUnzen des richtete Ausgangssignal anspricht, um einen
Typs mit einer rotierenden zylindrischen Trom- zweiten Spitzenwert des
zweiten gleichgen'ch-      mel (50) mit einer Drehachse und diner Anzahl
teten Ausgangssignals zu detektieren und zu        von Ansenkungen
(Gegenbohrungen) (51), die 26    51                 EPO355061B1
52 in einer Anzahl von Kanalen (C1-C10) angeord-       versetzt ist, daB,
wenn sich eine der Ansenkun- net sind, welche in Ebenen senkrecht zur
gen (51) unter dem einen Element (61g) befin- Drehachse liegen, wobei jede
der Ansenkun-          det, dessen Aktivierung ein Auswerfen des me- 



gen (51) ein Loch (52) aufweist, mit einem          tallischen Objekts in
dieser Ansenkung in die zylindrischen Gehause, das die rotierende zy-   5
zylindrische Trommel (50) zurUck bewirkt. lindrische.Trommel umgibt und
einen Raum zwischen der Innenflache der rotierenden zy-     13 Vorrichtung
zum Handhaben von MOnzen nach lindrischen Trommel und dem  zylindrischen
Anspruch 11 oder.12, dadurch gekennzeichnet, Gehause bildet, mit einer
Pumpe zum Erzeu-          daB die Steuereinheit (40) einen Auswurfsignal-
gen eines Unterdrucks in diesem  Raum, so   10      hinweisspeicher
beinhaltet, der logisch ange- daB der Luftdruck innerhalb des rotierenden
ordnet ist als mindestens N Schieberegister, Zylinders hoher ist als der
Luftdruck an der        wobei N eine ganze Zahl und mindestens so
AuBenflache des rotierenden Zylinders, mit ei-      groB ist wie die Anzahl
der Kanfle (Cl-Cl0), nem Motor (27) zum Drehen der zylindrischen
wobei jedes der Schieberegister mindestens M Trommel innerhalb des
zylindrischen Gehau-   15     Bit-Positionen aufweist, wobei M eine ganze
ses in einem festgelegten Drehsinn,                 Zahl und gleich der
Zahl der mehreren MUnzi- mit einem  Feld von MOnzsensoren (70),
dentifiziersignale ist, die einem  festgelegten die so am zylindrischen
Gehause angeordnet          Satz gUltiger MUnzen zugeordnet sind, sind, dal
sich mindestens einer der MOnzsen-            daB die Steuereinheit auf die
MUnzidentifi- soren Ober je einem der Kandle. (C1-C10) bef-  20
zierschaltung (170) anspricht, urn das Aktivier- K\y   indet,
signal in eine bestimmte der M Bit-Positionen mit einer Vielzahl von
Inglichen MOnzauf-      in Abhangigkeit davon einzugeben, nahmestationen
(56a-56f), die innerhalb der zy-         daB die MUnzidentifizierschaltung
ein ent- lindrischen Trommel langs Linien angeordnet         sprechendes
bestimmtes MUnzidentifiziersignal sind, die parallel zur Drehachse
verlaufen,  25     aus der Vielzahl der MUnzidentifiziersignale lie- (und)
fert, urn den Inhalt der Schieberegister syn- mit einem Feld selektiv
betreibbarer Luft-       chron mit der Drehung der zylindrischen Trom-
ventile (70), die so am zylindrischen Gehause       mel (50) zu
verschieben, und angeordnet sind, daB sich mindestens eines
daB die Steuereinheit mit dem  Feld von der Luftventile im wesentlichen
Uber jeder der   30  Luftventilen (70) so verbunden ist, daB fUr je-
MUnzaufnahmestationen (56a-56f) fUr jeden           den Kanal aus der
Vielzahl von Kanalen (Cl- der Kanale (C1-C10) befindet, gekennzeichnet
C10) jedes der Luftventile aus dem Feld von durch eine
MUnzidentifizierschaltung (170), die     Luftventilen, das Ober diesem
Kanal angeord- mit dem Feld von MUnzsensoren verbunden ist         net ist,
mit einer speziellen der Bitpositionen zur Bereitstellung bzw. Lieferung
eines speziel-  35  eines bestimmten der N Schieberegister, die \-'    len
MUnzidentifiziersignals aus einer Anzahl         dem  Kanal zugeordnet
sind, wirkungsmaBig von MOnzidentifiziersignalen in Abh~ngigkeit
verbunden ist oder wird. von jedem  Auftreten eines metallischen Ob- jekts,
das in einer der Ansenkungen (51) eines   14. Vorrichtung zum Handhaben von
MUnzen nach \4,    bestimmten Kanals (C1-C10) steckt und einen   40
einem der AnsprUche 11 bis 13, dadurch ge- der MUnzsensoren (70) passiert,
der sich Ober       kennzeichnet, daB diesem bestimmten Kanal befindet, und
das Feld von MUnzsensoren (70) am zylin- eine Steuereinheit (40), die mit
dem Feld        drischen Gehluse fOr jeden der mehreren Ka- von
Luftventilen (70) und der MUnzidentifizier-     nale (C1-C10) mindestens
einen Nacheilungs- schaltung verbunden ist zur Bereitstellung oder  45
sensor (70') beinhaltet, der winklig versetzt von Lieferung eines
Aktivier(ungs)signals an ein be-    den mehreren linglichen
Munzaufnahmestatio- stimmtes der Luftventile (70) Uber einem be-        nen
(56a-56f) in bezug auf die Drehrichtung stimmten der Kanale in Abhangigkeit
von dem         der zylindrischen Trommel (50) angeordnet ist, speziellen
MUnzidentifiziersignal, um das Aus-      um metallische Objekte zu
detektieren, die in werfen des metallischen Objekts in eine ent-  50
einer der unter dem  Nacheilungssensor hin- sprechende bestimmte der
MUnzaufnahmesta-           durchlaufenden Ansenkungen  (51) stecken, tionen
(56a-56f) zu veranlassen.                    und in Abhangigkeit davon ein
MOnzprasenzsi- gnal zu liefern. 12. Vorrichtung zum Handhaben von MUnzen
nach Anspruch 11, dadurch gekennzeichnet, daB   55   15. Vorrichtung zum
Handhaben von Mfnzen nach mindestens ein Element (61g) des Feldes
einem der AnsprUche 11 bis 14, dadurch ge- von Luftventilen (70) gegeniber
den langlichen      kennzeichnet, daB MOnzaufnahmestationen (56a-56f) so
winkelig             die Steuereinheit (40) einen Zahler zum 27    53
EP 0 355 061 B1                    54 Halten einer Anzahl von ZdhIstAnden
aufweist,      Material, der so bemessen ist, daB er in die             e
von denen jeder fur die Zahl des Auftretens        langgestreckte Bohrung
eingepaBt ist, und eines bestimmten Mlnzidentifiziersignals aus
eine Justiervorrichtung zum selektiven Po-           d 



der Vielzahl der Mdnzidentifiziersignale von       sitionieren des Kerns in
Positionen innerhalb            tE der Miinzidentifizierschaltung steht.
5       der langgestreckten Bohrung zwischen der                 g zweiten
Spulenposition und der dritten Spulen-           P 16. Vorrichtung zum
Handhaben von Minzen nach          position.
a Anspruch 15, dadurch gekennzeichnet, daB jeder der mehreren ZdhistAnde
ftr jedes     19. Obertrager nach Anspruch 18, dadurch ge-              2.
E Auftreten des MOnzprasenzsignals vom  Na-  10      kennzeichnet, daB
lk cheilungssensor (70') dekrementiert wird, wel-         der Kern (78) aus
ferromagnetischem Ma-               s ches Signal in Abh~ngigkeit vom
Vorbeilauf         terial im Inneren eines nichfferromagnetischen
a des metallischen Objekts am Nacheilungssen-        Tragers (75)
angeordnet ist und an seiner Au-             c sor erzeugt wird, welches
metallische Objekt       BentlIche ein Gewinde aufweist und die Ju- die
Munzidentifizierschaltung zur Lieferung des   is  stiervorrichtung an der
Innenwand der Bohrung          r bestimmten MOnzidentifiziersignals
veranlaete.     (77) Gewindegange aufweist. 3.   l 17. Obertrager zur
Verwendung bei einem Sensor     Revendications zum Identifizieren
metallischer Objekte, mit el- nem   nichtferromagnetischen  Spulenkorper
20  1. Detecteur pour identifier les membres d'un (75), der eine Langsachse
(76) und eine recht-     groupe predetermine d'objets metalliques, cha-
eckige Geometrie in Querschnitten senkrecht        que membre dudit groupe
pr6determin6 d'ob- zur Langsachse aufweist, einer Primarwicklung      jets
ayant une teneur en metal predeterminde mit einer ersten Spule (72) und
einer zweiten      caracteristique et une geom6trie pr6determi- Spule (73),
die mit der ersten Spule in Reihe   25  n6e du type incluant une bobine de
transfor- geschaltet ist zwecks Bildung einer Zweipol-       mateur (70)
comportant un enroulement pri-            A verbindung zu dieser
Primarwicklung,               maire (72, 73) et un enroulement secondaire
und einer Sekundarwicklung (71, 74), ge-        (71, 74) ; un dispositif de
transport pour pro- kennzeichnet durch
duire un mouvement relatif des membres dudit mindestens vier
Spulenpositionen, ein-  30      groupe predetermin6 d'objets metalliques,
un schlieBlich einer ersten Spulenposition, einer     a la fois, devant
ledit transformateur a une zweiten Spulenposition, einer driften Spulenpo-
vitesse    predeterminee    essentiellement sition und einer vierten
Spulenposition, die in    constante ; un dispositif de memoire (117a -
Ebenen senkrecht zu der Langsachse liegen          117d) pour m6moriser un
groupe pr6determine und longs dieser Langsachse mit jeweils zu-  35    de
signaux de sortie d'identification d'objet nehmenden Abstanden von elnem
festgelegten         dont au moins un correspond a chaque mem-
(vorbestimmten) Ende des Spulenkorpers an-         bre dudit groupe
pr6determine d'objets et dont geordnet sind,
au moins un correspond a un objet inconnu, et wobei die Sekundlrwicklung
eine dritte          pour memoriser au moins deux valeurs d'iden- Spule
(71) und eine vierte Spule (74) umfaBt,  40  tification pour chaque membre
dudit groupe die an einem Verbindungspunkt in Reihe ge-
predetermind d'objets m6talliques ; et un ge- schaltet sind,
n6rateur de signaux (125) pour exciter ledit einen Leiter zum Verbinden des
Verbin-          enroulement primaire (72, 73) avec un signal dungspunkts
mit einem Pol bzw. AnschluB der        electrique; Zweipolverbindung zur
Primarwicklung  (72,  45     caracteris6 par: 73), und
ledit signal electrique provenant dudit g6- wobei die erste Spule (72) an
der zweiten       nerateur de signaux (125) comportant au               5,
Spulenposition, die zweite Spule (73) an der       moins deux premiere et
deuxieme composan- dritten Spulenposition, die dritte Spule (71) an   tes
de frequence distinctes; der ersten Spulenposition und die vierte Spule  50
une unite de traitement de signaux (170) (74) an der vierten Spulenposition
angeordnet      connectee audit enroulement secondaire (71, sind.
74) pour traiter les signaux de sortie dudit   i enroulement secondaire en
un premier signal 18. Obertrager nach Anspruch 17, ferner umfas-
d'identification r6agissant a ladite premiere send:
55      composante de frequence dans lesdits signaux eine langgestreckte
Bohrung (77), die im        de sortie et en un deuxieme signal
d'identifica- wesentlichen mit der Langsachse fluchtet,          tion
r6agissant a ladite deuxibme composante einen Kern (78) aus
ferromagnetischem           de frequence dans lesdits signaux de sortie 28
1sSo zSsSSIISS1    55                 EP 0 355 061 BI
56 et,                                                   ; et, un
microprocesseur (110) connecte audit              ledit deuxieme signal
didentification corn- dispositif de m6moire et a ladite unite de trai-
prenant ladite deuxieme valeur de crete. 



tement de signaux pour fournir un desdits si- gnaux de sortie
d'identification d'objet en r6-   5   6. D6tecteur selon l'une quelconque
des revendi- ponse audit premier signal d'identification et       cations 1
a 5, dans lequel: audit deuxibme signal d'identification.
lesdites premiere et deuxieme composan- tes de frequence different l'une de
l'autre d'au 2. D6tecteur selon la revendication 1, dans lequel       moins
2 octaves. ledit dispositif de transport a la forme d'un   70 support pour
maintenir ledit transformateur (70)  7. Detecteur selon l'une quelconque
des revendi- a un emplacement predetermine dans une               cations 1
a 6, dans lequel: orientation  pr6determin6e  au-dessus d'une
ladite premiere composante de frequence voie predetermin6e transportant
lesdits objets       est comprise dans un octave d'une centaine m6talliques
devant ledit transformateur.    15       de kiloHertz. 3. D6tecteur selon
l'une quelconque des revendi-     8. Detecteur selon l'une quelconque des
revendi- cations 1 et 2, dans lequel ledit transformateur     cations 1 a
7, dans lequel: (70) a un axe longitudinal (76) autour duquel
ladite deuxieme composante de fr6quence sont enroul6s lesdits enroulements
primaire   20     est comprise dans un octave de 1,5 kilohertz. (72, 73) et
secondaire (71, 74), ledit axe longi- tudinal etant perpendiculaire a
ladite voie pre-  9. Detecteur selon l'une quelconque des revendi-
d6termin6e transportant lesdits objets m6talli-      cations 1 a 8, dans
lequel: ques devant ledit transformateur.                        ladite
deuxibme composante de frequence 25      est un entier sous-multiple de
ladite premiere 4. Detecteur selon l'une quelconque des revendi-
composante de frequence. cations 1 a 3, dans lequel: ladite unit6 de
traitement de signaux (170)   10. Detecteur selon l'une quelconque des
revendi- comprend un redresseur (238) pour redresser          cations 1 a
9, et comprenant en outre: iesdits signaux de sortie afin de fournir un
30        un controleur (40) pour faire fonctionner premier signal de
sortie redresse en reponse a       s6lectivement et alternativement ledit
d6tecteur ladite promiere composante de fr6quence dans         dans un mode
d'operation d'etalonnage et un lesdits signaux de sortie, un premier
circuit de     mode d'op6ration d'identification, ledit contro- maintien
(248) pour detecter et m6moriser une        leur incluant un dispositif
d'entree pouvant etre premiere valeur de crete dudit premier signal  35
mis en fonctionnement selectivement (42) pour de sortie redress6, et un
detecteur de seuil         fournir une pluralit6 de signaux
d'identification (241) et une horloge (191) pour mesurer une
d'objet a ladite memoire; premiere periode de temps pendant laquelle
ledit mode d'op6ration d!6talonnage 6tant ledit premier signal de sortie
redress6 a une        un mode dans lequel ledit controleur (40) rea-
amplitude depassant une premiere amplitude   40      git auxdits premier et
deuxieme signaux 2       pr6determin6e et pour fournir une premiere
d'identification et un desdits signaux d'identifi- valour de duree en
reponse A celle-ci ; et,          cation d'objet correspondant a un membre
se- ledit premier signal didentification com-         lectionn6 particulier
dudit groupe d'objets pour prend une premibre valeur de crete et ladite
fournir lesdites premibre et deuxieme valeurs premibre valeur de duree.
45       d'identification memorisees, correspondant au- dit membre
s6lectionne particulier, a ladite m6- 5. D6tecteur selon la revendication
4, caract6rise       moire pour leur memorisation dans celle-ci ; et, en
outre par:                                            [edit mode
d'operation d'identification etant ladite unite de traitement de signaux
(170)       un mode dans lequel ledit controleur (40) rea- incluant un
deuxieme redresseur (255) pour   50      git auxdits premier et deuxibme
signaux redresser lesdits signaux de sortie afin de four-
d'identification et a ladite pluralite de premie- nir un deuxieme signal de
sortie redress6 en         res et deuxiemes valeurs d'identification m6-
reponse a ladite deuxieme composante de fre-         morisees pour foumir
lesdits etats des signaux quence dans lesdits signaux de sortie, un
de sortie d'identification d'objet. deuxieme circuit de maintien (257)
reagissant   55 audit deuxieme signal de sortie redresse pour     11.
Appareil de manipulation de pieces de mon- detecter et memoriser une
deuxibme valeur de         naie du type incluant un tambour cylindrique
cr~te dudit deuxibme signal de sortie redresse       tournant (50) ayant un
axe de rotation et corn- 29 11111111111111111111111111111111111111111    57
EP 0 355 061 B1                    58 portant une pluralite de
contre-alesages (51)  12. Appareil de manipulation de pieces de mon-
disposes dans une pluralite de canaux (C1 -        naie du type selon la
revendication 1, dans C10) se trouvant dans des plans perpendiculai-
.lequel :. 



res audit axe de rotation, chacun desdits             au moins un membre
(61g) dudit reseau contre-al6sages (51) incluant un trou (52), un   5  de
soupapes d'air (70) est deplace angulaire- logement cylindrique entourant
ledit tambour       ment a partir de ladite pluralite des postes
cylindrique tournant pour former un plenum         recepteurs de pieces de
monnaie allonges entre la surface interieure dudit tambour cylin-   (56A -
56f) de telle sorte que l'actionnement drique tournant et ledit logement
cylindrique,     dudit membre (61g), quand  ledit desdits une pompe pour
cr6er un vide partiel dans   10     contre-al6sages (51) est au-dessous
dudit ledit plenum, de telle sorte que la pression de    membre (61g), est
actif pour re-ejecter ledit l'air dans lWdit cylindre tournant est
superieure  objet *metallique se trouvant dans ledit contre- a la pression
de l'air a la surface ext6rieure     alesage dans ledit tambour cylindrique
(50). dudit cylindre tournant, un moteur (27) pour faire tourner ledit
tambour cylindrique a l'int-   is  13. Appareil de manipulation de pikces
de mon- rieur dudit logement cylindrique dans un sons      naie du type
selon 'une quelconque des re- de rotation pred6termin6;
vendications 11 a 12, dans lequel: un r6seau de d6tecteurs de pibces de
ledit contrbleur (40) comprend une memoi- monnaie (70) dispos6 sur ledit
logement cylin-     re de reperage de signaux d'ejection agenc~e drique de
telle sorte qu'au moins un desdits  20   logiquement comme au moins N
registres a detecteurs de pieces de monnaie est situ6 par-     decalage, N
etant un entier au moins 6gal au dessus chacun desdits canaux (Cl - C10);
nombre de ladite pluralite de canaux (Cl - une pluralite de postes
r6cepteurs de pib-      C10), chacun desdits registres a decalage ces de
monnaie ailonges (56a - 56f) situes a       comportant au moins M positions
de bit, M l'int6rieur dudit tambour cylindrique le long de   25  etant un
entior egal au nombre de ladite plura- lignes parallbles audit axe de
rotation;           lite de signaux d'identification de pikce de un r6seau
de soupapes d'air pouvant etre       monnaie associ6s a un groupe
predetermin6 actionnees s6lectivement (70) dispose sur ledit    de pibces
de monnaie l6gales; logement cylindrique de telle sorte qu'un
ledit contr8leur reagissant audit circuit moins une desdites soupapes d'air
est situ6e   30  d'identification de pikces de monnaie (170)
essentiellement pardessus chacun desdits pos-      pour charger ledit
signal d'actionnement a une tes recepteurs de pieces de monnaie (56a -
position particulibre desdites M positions de bit 56f) pour chacun desdits
canaux (Cl - C10);        en r6ponse audit circuit d'identification de pie-
caracteris6 par.:                                  ces de monnaie
fournissant un signal parti- un circuit d'identification de pikces de   35
culier correspondant de ladite pluralit6 des si- monnaie (170) connecte
audit reseau de detec-      gnaux d'identification de pikce de monnaie et
teurs de pikces de monnaie pour fournir un         pour d6caler les
contenus desdits registres a signal d'identification de pikce de monnaie
d~calage en synchronisme avec la rotation du- particulier a partir d'une
pluralite de signaux    dit tambour cylindrique tournant (50) ; et,
d'identification de pikce de monnaie en rdpon-  40    ledit controleur
etant connecte audit r6- se a chaque apparition d'un objet m6tallique
seau de soupapes d'air (70) de telle sorte que, loge dans un desdits
contre-alesages (51) d'un     pour chaque canal de ladite pluralite des ca-
canal particulier desdits canaux (Cl - C10)        naux (Cl - C10), chacune
dudit r6seau de passant devant le d6tecteur desdits d6tecteurs     soupapes
d'air disposeo pardessus ledit canal de pikces de monnaie (70) situe
par-dessus   45    est connect6e activement a une position parti- ledit
canal particulier desdits canaux ; et,       culibre desdites positions de
bit du registre un controleur (40) connecte audit rdseau       particulier
desdits N registres a decalage asso- de soupapes d'air (70) et audit
circuit d'identifi-  cie audit canal. cation de pikces de monnaie (170)
pour fournir un signal d'actionnement a une soupape parti-  50  14.
Appareil de manipulation de pikoes de mon- culibre desdites soupapes d'air
(70) situee par-   naie du type selon l'une quelconque des re- dessus ledit
canal particulier desdits canaux      vendications 11 a 13, dens lequel:
(C1 - C10) en reponse audit signal d'identifica-      ledit r6seau de
detecteurs de pikces de tion de pibce de monnaie particulier afin de
monnaie (70) dispos6s sur ledit logement cy- faire en sorte quo ledit objet
metallique soit  55  lindrique comprend pour chacun de ladite plu- ejecte
dans un poste particulier correspondant     ralit6 des canaux (Cl - C10),
au moins un desdits postes r6copteurs de pibces de mon-        d6tecteur de
retard (70') d6plac6 angulaire- naie (56a - 56f).
ment a partir de ladite pluralite des postes 30 C 11111111111111111    59
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allong6s              ledit enroulement secondaire comprenant (56a - 56f)
par rapport au sens de rotation        une troisieme bobine (71) et une
quatrieme 



dudit tambour cylindrique (50) pour d~tecter       bobine (74) connect6es
en s6rie a un point de ledit objet m6tallique loge dans un desdits
connexion; contre-alesages (51) passant audessous dudit   5      un
conducteur connectant ledit point de detecteur de retard et fournissant un
signal de    connexion a une borne de ladite connexion a piece de monnaie
pr~sente en reponse a ce-         deux bornes avec ledit enroulement
primaire luici.                                            (72, 73); et,
ladite premiere bobine (72) etant situee a 15. Appareil de manipulation de
pieces de mon-  io    ladite douxieme position de bobine, ladite naie du
type selon l'une quelconque des re-        deuxibme bobine (73) dtant
situee a ladite vendications 11 a 14, dans loquel:                troisieme
position de bobine, ladite troisieme ledit contr8leur (40) comprend en
outre un     bobine (71) 6tant situee a ladite premiere posi- compteur pour
maintenir une pluralit6 de va-      tion de bobine, et ladite quatrieme
bobine (74) leurs de compte, chacune de ladite pluralite  is   6tant situ6e
a ladite quatrieme position de bo- des valeurs de compte etant pour le
nombre         bine. d'apparitions d'un signal d'identification de pib- ce
de monnaie particulier a partir de ladite   18. Transformateur selon la
revendication 17, et pluralite des signaux d'identification de piece
comprenant en outre: de monnaie provenant dudit circuit d'identifica-  20
un trou d'al6sage allonge (77) essentiolle- 1_ ~.  tion de pibces de
monnaie.                         ment aligns avec ledit axe longitudinal;
une fausse pibce de monnaie (78) d'un 16. Appareil de manipulation de
pibces de mon-        mat6riau ferromagn6tique ayant des dimen- naie du
type selon la revendication 15, dans       sions pour l'ajuster dans ledit
trou d'al6sage lequel:                                   25       allonge
(77); at, chacune de ladite pluralite des valeurs de         un dispositif
de reglage pour positionner compte est decr6mentee pour chaque appari-
selectivement ladite fausse pibce de monnaie tion dudit signal de piece de
monnaie pr6sente     a des positions dans ledit trou d'alesage allon-
provenant dudit detecteur de retard (70'), en-     g6 entre ladite deuxieme
position de bobine et gendr6 en reponse audit objet metallique pas-  30
ladite troisibme position de bobine. sant devant ledit detecteur de retard
dans un de ladite pluralit6 des contre-alesages (51), cot  19.
Transformateur selon la revendication 18, dans objet metallique faisant en
sorte quo ledit cir-   lequel: cuit d'identification de pieces de monnaie
four-      ladite fausse piece de monnaie (78) d'un nisse ledit signal
d'identification de piece de   35  materiau ferromagn6tique est disposee a
l'inte- monnaie particulier.                               rieur du
dispositif de transport non-ferromagn6- tique (75) et a une surface
exterieure filet6e, et 17. Transformateur pour detecteur servant a identi-
ledit moyen de r~glage comprend des filetages fier des objets m6talliques
du type incluant un    h6lico'(daux disposes sur la paroi interieure du-
corps de bobine non-ferromagn6tique (75)  40       dit trou d'alesage (77).
ayant un axe longitudinal (76) et une geometrie rectangulaire dans les
sections transversales perpendiculaires audit axe longitudinal, un on-
roulement primaire compronant une premiere bobine (72) et une deuxieme
bobine (73)  4S connectee en s6rie avec ladite premiere bobi- ne pour
former une connexion A deux bornes avec ledit enroulement primaire, et un
enroule- ment secondaire (71, 74), caracterise par: au moins quatre
positions de bobine, in-  so cluant une premiere position de bobine, une
deuxieme position de bobine, une troisieme position de bobine, et une
quatrieme position de bobine se trouvant dans des plans perpen- diculaires
audit axe longitudinal et etant dispo-  55 sees le long dudit axe
longitudinal a des dis- tances respectivement croissantes d'une extrd- mit6
pred6termin6e dudit corps de bobine; 31 1111111 111111 1(1 1 II~ 111    


