-1 - .1 MPROVEMENTS | N AND RELATI NG TO APPARATUS FOR CHECKINGC;AELpﬁiLﬁﬂiﬁas
OF This invention relates to inprovenents in and relating to -

appar for checking the validity of coins. In Parent Application No.
81372 and anot her Divisional Application No. 8420150 the enbodi nents
desctri-bed herein are al so described, and aspects of themare clained.
Throughout the specification the term”coin" is intended to mean genui ne
coins, tokens, counterfeit coins, slugs, washers and any other item which

oresont 1o, var i ous WRID TR b ol e B SR RARRERC o at s ¢

are in common use, for exaRpReCHEPKONGNAHBN¥ALIDEDY eOF nCRENS ve sensing
coils or transmit/receive coils at different positions spaced along a
coin track along which a coin, inserted into the apparatus, travels. The
sensing coils are conr@ti®ed inyeatdenr onptapedcdssi ABPEPVEBERES iR wAREh the
magni tude of a .SiONBle eBaArHSILFd Gl C folel - nedk BARICRAR, vaAITdigwder or
phase), which varjes 1n dependence upon characteristics of the coin as
the coin noves pdd?*R%Hhe or each inductive sensor, is conpared with
predet erm ned val ues wvin clPareati nlppatcatioh AbxrepBaBlas0 cuidis another one

or ror € partiﬁ}%fgional Application No. 8420150 the embodiments
described herein are also described, and aspects of

them are claimed. _ _

Thfoughout the specification the term "coin" is
intended to mean genuine coins, tokens, counterfeit
coins, slugs, washers and any other item which may be
used by persons in an attempt to use coin-operated
devices. '

At the present time, various kinds of electronic
-¢oin vaiidity—checking apparatus are in common use, for
example employing one.or more inductive sensing coils
or transmit/receive _cbils at different positions
spaced along a coin track along which a coin, inserted
into the apparatus, travels. The sensing coils are

“connected to electronic processing circuitry in which
the magnitude. of a signal characteristic (i.e.
frequency, amﬁlitude or  phase), which varies in
dependende upon characteristics of the coin as the coin
moves past the or each inductive'sensbr, is compared
with predetermined. values_ which are indicative of
acceptable coins of one or more ~ particular
denominations. In this way, the_validity of the test
coin can be checked, and the coin rejected if it does
not pass the'appropriate tests.,



denonminations. In this way, the validity of the test coin can be checked,
and the coin rejected if it does not pass the appropriate tests.  -2- T
el ectronic circuitry when switched on is generally permanently energi sed
froma power source. |In nmany applications, continuous power consunption is
uni mpor-_tant. For exanple, when the validation circuitry is used 5 in
conbi nati'on with a vendi ng machi ne for @i spensing hot drinks, the
.proportion of the average power consunmed by the processing circuitry is
‘negligible as conpared with that required by the heater and control

“equi pnEnt in the VERRI A4eshsRnAs. cimemitry Wwheresvyitahadesnotscoin 10
_validfry-checkin' pparatus such as in pay_tel ephones which are su Rlied
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el ectr= onic apparatus to inprove the integrity of the validation 20

checks carrideinks! ©ohei propbediocn RE HHWVAvEr£§ér povEercebnAsumed by

val i di ty-checki ng apparatus are generally unable to

: . the processing circuitry is negligible as compared w;th

R that required by the heater and controi equipment in the-
vending machine. . However, in certain uses of coin’

10 validity-checking'apparatus such as in.pay telephones which
are supplied from relatively low power supplies or cigarette
vending'ﬁachines ef parking meters supplied from batteries,
the average po&er consdmed by validation circuitry of the
kind described is'unacceptabiy high.' In pay telephones

15 in use in many cqunt:ies thrcughout the world, various
forms of mechanical coin-valiéity—checking apparatus are
still adopted at the present time ane_wr{ilst it would be
desirable to repiaCe these mechanical systems with electr-
‘onic apparatus.to impfove the'iﬁtegritf of the'validation.

20 checks'carried.out on inserted coins, known electronic
coin velidity;checkinq apparatus are generally unable to-

~ comply with the requirement for the very low averége.powef.
-consﬁﬁptidnp(e.g.'Z mA at S voits), SR
| - In our BritishfPapent 1,483,192, there is dis-

25 closed electrbhic coin validity-checking apparatus which



ESP"V with the requirenment for the very | ow average power consunption.
-Q?:;g"‘z mMA at 5 volts). In our British Patent 1,483,192, there is dis- 25
cl osed el ectronic coin. validity-checki ng apparatus which -3- conprises a
transmtter/receiver inductive arrival sensor operative to produce an _
out put signal when an inserted coin'pgifipg between the coils along a coin
passage is of an acceptable material. a position further downstream5
the coin passage, the coin is optically tested to check its velocity, o
di anet er cehprifiss i SELAR M1 bR e@Yrdddivdiat EREuSReCkl lagatii/8T Bensdr272, 560,
and if the coin passes both the initial inductive and subsequent optical
tests, toperativeé stacpepledet Anowgitmit asigpadblvRegalan ifnseraedll - Nt
accept ance passageway. The optical test involves the -use of |ight sources
with asseeirtpsing ceeteeen thesasllsucilesgphorodnepiasisegdetsces. | f
these ootical sources are permanently energised, they have a particular .
expect ed2l i 2eceplirl g oraterdadxt edd thPsheiead fpirfzéee;f dpHasEresm

sources, the | jght sources ﬁre swi t ched on_ by_the out put si%gal fromthe
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i nducti : Pt t echni f ' yt the ired
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..menti Oneﬂaé‘é’x@é’es;SJ&fP&é‘{iBHV‘ﬁB'._Cﬁ“,WH@@, | thh?.\ﬁn the coin passes

both the initial inductive and subsegquent optical tests, ' \;;

the coin is accepted through an acceptablé gate.into an
10 - acceptance passageway. The optical test involves the.use
_of-light sources with associated optical coin sensors such
as photceiectric.-devic;s_. It 'these_ optical scurces ars |
permanently energised, they have a éarticulaf éxpectgd
lifé, Therefofe, to extend the exgected'life of these
15 | sources, the light.éources are sQitched on §y the dutput
signal from the inductive arrival sensof. The treﬁd in
recent years has been towards ihduqtive and capacitive
techniques for carrying out the desired measurements of '"_g(.
coin characteristics in the examination :egion, but as
20  mentioned above the total power consumption in_kﬁown
coin handling mechanisms is unacceptably high for certain
applications; | | |
In U.S. Patent 3,738,469,-varioﬁs forms of_apparatus
are disclosed_for examining ;oins in which each coin

25 is firstly checked for size by a sensing switch of one



coi'n handi i ng nmechani sns i s unacceptably high for certain applications. In
U.S. Patent 3,738,469, various forms of apparatus are-disclosed for

exam ning coins in which each coin 25 is firstly checked for size by a
‘'sensing switch of one formor another, and then a second test is
performed by a measuring probe. The coin is accepted only if it passes
both. tests. ~ The apparatus is continuously supplied with power but
this is di sadvantageous where the apparatus i s dependent upon battery
power . In order to reduce the power codAsingtion, it is possible to

utilisglthe di anmeter sensitive switch to switch-in and switch-out the
current” supply nébwnoré&r anébhveverand Hédeswiat slkeciosdopesat &8l oy fidnmegoion
before the coin arrives in the exam nation region of the measuring probe so
that, despite thd measSurdgst aXobe - helRer PEAR JdFpARSLERASTr 1% éa/i t&hed in
slightly prematurel sensitive switch is set to.be
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one size only and thereere I's not suitable for nulti-denom nation use
where only a singkBer to reduce the power consumption, it is possible
A - to utiiise_the diameter sensitive switch to switch-in
"and switch-out the current supply network. However,
the switch is .operated by the coin before the coin
arrives in the examination region of the measuring
probe so that, despite the measures taken, the current
supply network is switched in slightly prematurely.
Also, the diameter sensitiye switech is set to be
operated by cohtact of the coih edgé as thg coin passés
the switch, whereas at-the present time contactleés
measurements are to be preferred for several reasons
- including reliabilit.y. . In addition, the switch
arranged.at a partigular spaciﬂg from the coin track
dan detect coins of one size only énd'therefore is not
suitable for multiFdenomination use where only a single
goin track is employed. _ - i- o _ -
One aim of the present invention is'to provide
impfoved coin handling apparatus which performs the

necessary' measurements on the coin inductively or



ved coi n handl i ng apparatus which perforns the necessary neasurenents
o} the coin inductively or  -5- capacitively, but whose average power .
consunption is relatively low. According to the invention there is
provi ded apparatus for checking the wvalidity of coins, the apparatus
requiring electrical power for its co+n5checking operation, and conprising
circuitry arranged to establish a changing magnetic or electric field in an
exam nation regbanitinglye Quterthare hieePRESt REWABgICORSUBP tilARerigct i on
between a coin, when_in_the exam nation region, and the field is- 3
i ndi cative ofrahaﬁéBSbYaﬁP§°coin,_said circuitry including electrical
circuit sections ich ate adapt to, indi vi dyal p red- up._ Jreans for
sensing the arriv2?°8?r§1§6iha$oﬁgg%ec%Sﬁ8quﬁd ggﬁk%ol9%§éﬁg“§$¥§%ged to
-power-up; in t h Walo) n J I n y val ach of.
said circuit gé@??%ﬁégt hf;borfjg%h%grﬂi%ggs %ﬂn?%?%p%a??onc?{sﬁé ’equbihregd for a
coi n checki ngaﬁaaf-athsn,r@wmmgt he 104408 iddler pReeir0dgor Essedt icy iy,
t her ef or e, t he coin val i dity- checking apparatus draws only | ow. nean
power, power checking operation,; and comprising circuitry arranged

%égg%trackis enpl oyed. One ai mof the present invention is to provide
i

to establish a changing magnetic or electric field in
- an examination region, and to determiﬁe whether the : e
degree of interaction betweeh a coiﬁ, when in the
examination region, and the field is indicative of an
' aceépfable-coin, said circuitry including electrical
éircuit sections théh aré'adaptéd to be individually
powered-up; means for sensing the arrival of a coin fob
checking; and control means arranged to power-up, in
respdnse to the sénsing meaﬁs sensing cdin_arrival;
each of said circuit sections through periods when its
~operation is required for a coin checking_operétion, 
but not through other périods. | _. ‘\2:
‘Essentially, therefore, the coin validity- |
checking apparatus draﬁs only.iom mean power, power
consumption beihg kept to a minimum when the design of
eéch Sectidn.bf the validation circuitry is optimised
for minimum power consumption whén energised and; in -
addition, circuit blocks are switched so as to becdme
operative substantially onlyl for sufficient t_:ime to

perform the tasks assigned to themn. As a result, when _



consunption being kept to a m ni nrumwhen the design of each section of th

validation circuitry is optimsed for m ni mum power consunpti on when

energi sed and, in addition,

operative substantially only for sufficient time to performthe tasks

assigned to them

coin is in
to a mninmm

contaivas reference values associated with acceptable coins ‘and the
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when access to its contents is required but not through other periods.

There are curréncbynavdis abire | bhecosxammatiien wredicre vbhati lpewer. e.

the stored information is destroyed if the applied power is renoved

Therefore, such censunptiewuisl kel %@ Haiituhent l-x)er@(f@,r@,s@(y_eral)l',
nenori es tend to consume . o]

1 ) | ar ger quantities _
power. - HoweveFhe RFRerige PHR SILRY LA bR ﬂg‘hs‘ﬁe Yef€ed to, the
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section which contains reference values associated

with ecceptable coins and the eodtrol means is adapted

to power-up the memory section through periods when

access to its contents is required but not through;

other periods.

There are currently ayailable low-cost memories
which are volatile (i.e. the stored informatien:is
destroyed if the applied bower'is removed). Therefore,
such memories would need to be permanently energised.

Non-volatile memories tend to  consume larger

. quantities of power. However, in the preferred

arrangemeptljust referred to, the memory is rendered
operative subetantially only for sufficient time to
enable the stored limit values to be read out. = By
ueing, currently available, low-cost,  non-volatile
memories in this way, it is found that the mean power
consuhption can be kept very low.

In another arrangement the circuit means includes
an inductive sensing device which ie positioned

alongside the coin pafn so that 'in ‘addition to

circuit blocks are switched so as to becone

As a result, when awaiting the arrival of a coin,
the standby power consunption is either zero or very |ow and even when a
the exam nation region,_ eppe power consunption is kept
Therefore, overall, the average power consunption is also

very tow.  Preferablye;Qpe gl dafhighit SECHI 08 i S, a tHRNDS ¥ak®sy | @Bwehi ch

[



enable the stored |imt values to be read out. By using, currently
il able, |lowcost, non-volatile nenories in this way, it is found that
.nmean power consunption can be kept very low. |n another arrangenent the
cuit means includes an inductive sensing device which is positioned
alongside the coin path so that in addition to establishing the
changing field in the examnation region, it serves for sensing the

degree of interaction between the coin Tand t he field, and for determining- -

arrival of t%%&%lQJhy?etﬁéa@M%ﬂ&ar 29L9R by, defect Engingg??rﬁr eshol d

-aforesai d egree interacti ttaining a predeterm ne

which is set ddyibm pagssdriBsopgh s%ﬁﬁég aneeRlezMe® 02l Invbrhgtisavel ITng

t hrough the exam nation region. -8- By.enploying a single sensing device
to serve bot Ibdtwedei ethe ceoinararidathandialldq tandchesk GBeev@lhhdhgy of the
coin, the need for separate sensing devices for perform ng these two tasks
is avoi ded. mrrival of Thigesawsimg idevibe nemamimatimrectregiion abny
oscillating circuit whose frequency of oscillation reaches a maxi mum

detecting the aforesaid degree of  interaction
attaining a predetermined threshold which is set to be
passed through by any acceptabIe coin while travelling

through the examination region. | N



val ue during the passage of the coin past the sensing device. The peak
frequency is a neasure of one or nore characteristics of the coin and caegéal
be processed for deter- 10 m ni ng whether the coin conplies with. '
predeterm ned criteria of acceptability. Even though it is the peak i
frequency. which is used in the neasurenent, the interaction between the
coin and the magnetic field set up by thkesiaductive sensor also has the

ef fect of reduci.ng the anplitude of the 15 oscillator output signal. In
~a conveni ént net hod of  neasuring the oscillator frequency,.a count is’
accumut-ated to coByesmpibwind a heinghbesepsingndeviliee dxidq%®r out put

si gnak-anpl i tude crosses a predeterm ned threshold | evel w.thin .

predet er m Rt S deFach Foin a¥Friyalognd alagr to RSk the h‘éﬁﬁtq‘?ety
anplitude of_oscillation has to,be sufficient such._.that.eyen {ogoéhe coin

“denoni nat | ®f tHHEFT0 N RESH EATGFERETARE FENGINT ATENRT i B of the
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oscillfator follow ng C coin arrival, this requirement can be
met.  On ther Qe FheqPoNey Vi 68cliNg a23eH Irdfheessmavidamabl e to

detect coin arrival is relatively |ow Thus, the nmean power -consunption
IS . value during the passage of the coin past the sensing device.
' %4{ The peak frequency is a measure of one or more

characteriétics'of the.coin and can.bé processed for-deter-
10 mining whéther the coin ¢ompl;es Qith pre@etermined criteria
of acceptability. Even though it is the peak frequency.
thch is used in the measurement, the interaction between
the coin and the_magngtié!fiéld set up by ﬁhe_indﬁctive
sensor also has the effect of reducing the amplitude of the
15 osciii;tor output signall fg a convenient method of
measuring the osciilatpr frequency, a-count 1is acgumulatea'
td correspond with the.nuﬁber of times the oscillator
output signal aﬁpl;tude-crossésTé predeterminéd threshold
level.Qithin a predeﬁermined-cl&cked interval. It is
20 élear;:howeVer, that the ampiitude of oscillation has to_
be sufficient such that even for.the.coin.denomihation
- to be recognised which gives tHe.largest attenuation
of the OQCillator signal, the minimum amplitude of the
oscillator signal must exceed the threshold level, in

25 order to determine the oscillator frequency correctly. By



n | ow. The power consuned by oscillators of known construction not
efoikqyi ng this powering-up technigue is dictated by the power necessary for
Pedk/ frequency sanpling and this is unacceptably high for certain
applications requiring | ow nean power consunption, as mentioned above.
Turning now to another preferred aspect of the invention, it is well known
to use a sensing coil nmounted al ongside a coin-track and connected in a
"self- oscillatory circuit for checkifg=the validity and denonination.
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accept abl e coins; Far hj gh oh&gklng ccuracy, it is essentjal that the -
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is dictated by the power necessary for peak frequency _
sampling and this is unacceptably high for certain
applicatidns réquiring low mean poﬁer consumption, as e
mentioned above. L - -\

Turning now to another preferred aspedt of the
invention, it is well. known to use a sensing coil
mounted alongside a coin track and connected in a self-
oscillatory circuit for checking the wvalidity and’
denominatién of that coin. As Qhe'coin travels past
the sensor, the frequency or amplitude of oscillatibn
changes in dependence on the degree ofﬂ interaction
between the magnetic field established by the coil in
the examination region and the coin itself. A detector
circuit is used to determine whether the ‘change is
compatible with predetermined .values' indicative of
acceptable coins. _For'high checking accuracy,. it is e
essential that the near face of the coin should always s
have a particular spacing from, and 6rientation
relative to, the coil itself at the time of maximum
interaction between the magnetic field and the coin.
For this purpose,



so that ‘as the coin rolls domn the coin track gravity: tends to hoId t he
‘coin in facial contact with one side wall of the coin track along which tFf
coin’is travelling. 5 Moreover, within the space linmits permtted, thelZ
i nductive coil is located as far down the coin track as possible in order
to allow sufficient distance for any side-to-side notion of the coin (such
as non:linear coin flight or wobble) to be reduced as far as possible by
the tine the 10 coi n passes by the seﬁsiﬁg coil.. However, practical
limtations on the width of coil valldlty checki ng apparatus limt. the

| t h”of track.a | abe f | ] th t f ttl
ows, 76 aBompelSFRIKY B e ChhRHARRAN AR RN bl g S e
conpl etely s@vehatlas tﬁ%mdaldr¥§§i§aﬁb§ e EBif! klexSigitndiqysi de motion

of the coin. Although the use a single sensing coil can result in high

sensitivityeh@s tBenhBRaswhHATRSidBe Bacihe e6htackh@ieveioid sa@airacy is
limted by nmeasurenent scatter. 20 Measur enment scatter can be

reduced bywadanef€tthg icdiserdimscioraiongawinitrl thet kotile isertiave lddirlg.a
further sensing coil which is nmounted in the opposite side .wall of the coin
passagemayMorEthrbuwﬁhbdnymhﬁrgpambllhmétanPEMmﬁ¢tadoethﬁwﬁndqptive _
essentially identical to that of the 25 first coil I's found that

‘this arran@@ﬁénﬂSI&PQéFﬁd ag diperdewnsther caip #aﬁﬁhlﬁﬁquﬁﬁﬂQ&%n%ﬂ

03|t|on of «
P K# order to allow sufficient dlstance for any sxde-to-szde

motion of the coin (such as non-llnear coin fllght or
wobble) ﬁo be reducéd:és far as possible by the time the

10 coin passes by the sensing coil. Héwever, practical.
limitations on the w1dth of coil valldlty checklng apparatus
limit the lencgth ohlcaln track available for allow wing the
motion of the coin to settle down, to a comparatively short.
distance which is_often'insufficient for completely over-

15 coming inaccuraciés dﬁe'tp slight side-to-side motion'of

the coin. Although the use of a single sensing coil can

-

result in high'sensiﬁivity'for the mgasurement_made by'the
coil, the overall accﬁracy is limited by measurement
scatter.

20 - Measuremenﬁ scatter can be reduced by connecting
in series or in parallel with the sénsing coil a further
.sensing coil which is mounted in the opposite side Qall_
of the coin'passageway. This further sensing coil h;s an
inductance which is essentially identical to that of the

25  first coil. It is found that this arrangement largely



inrelative to the sensing coil as it passes by and therefore

th
. me ement scatter is significantly reduced. However, this conpensation is
ach d at the expense of considerable | oss of sensitivity in the coin

validation tests.. In its preferred form the invention utilises a sensor
arrandgenent conprising a pair of inductive or capacitive sensing devices

whi ch are nounted generally opposite, and spaced away from one another on
"~ opposite sides, respectively, of the coin passageway which is so arranged
that a coin.travelling along the passageway will rermain substantially in a:
predeternined lateral positional relatilonship. relative to the sensing
devi ces as - 12 - jt passes between:them .the sensing devices heing»
adapted for cBARRERSBHES | AORI ABY| VAFdgtERBS B teTa PARt 108 BTt hat one
of themis a Syring ' Lch, seryes.pre inantl.y for detecting one
or nore charac gr?éé?cggggtf$%¥@§hgh§0F§S§é§ ng§§? %50ﬁ¥tﬁgsasar§¥'of :
interaction bghyeeghdherdie! heatthrldifan@0l Bo¥kbp 1€ cgﬂgﬂiny%dtzga
conpensati ng device which serves predom nantly to reduce-neasurenént:
scatter due tpeyatédli WdwevierGOitRikl olipePsibiok NEs i dhid AT QtOhe

capaci tance values of 10 - the sensing devices being selected at- different-
val ues _expense of considerable loss of sensitivity in the coin

‘validation tests.. |

In its préferred form,'the'invention utilises a 'C:
sensor arrangemenf comprising a péir of inductive or |
capaciﬁive sensing_devices which are mountéd generally
opposite, and épaced away.from, dne another on opposite
sides, respéctivelf, of the c¢oin paésageway which is so
-arranéed thgﬁ a coin travelling along the passagewaj'
will remain Supstantial;y in a predetermined 1lateral
bOSitional' relationship relative to the sensing

devices as



so as to increase the ratio of neasurement sensitivity to scatter. By
appropriate choice of the relative inductance or capacitance.values for the

sensi ng devices, the 15 rati o of neasurenent sensitivity to scatter cap=~
be max- imsed, so as to optim se the overall measurenent accuracy. The

preci se values chosen wl| depend on the range of variations in

si de-t o-side notion-encountered. The Iar%er this is, the higher the ratio-
of the inductance val ues 20 of the-fwd sénsing coils. Depending on the
circunstances, the inductance ratio could be as lLow as 10% or as hi gh as

90% T | NCGLI e £ Ud 68, DiehONBRGL SUnSAUE iRy dk SHd 5 Cha kP | ©

wth the mut u ance ai ding’or opposi ng. colls are

connect ed tQGLldMHnddL 564 ) €8n cirzuld,” thh@ WP FREdds £k Imdkas have the
| arger inductance val ue wher eas when they are arranged. 1n paraflel t he

measuring céidh WHdt hive éhethsnl ber avakdguridgiaidvicéd heh Lok Ns@asengevay
will be canted at a shallow angl e (approximtely 100) to the vertical plane
so that, aspfeiomingusky bfer déteanibhg ensuiced ndg d¢hzrzctexristicsravel
down the passageway. substantially in facial contact with one of the lateral

wal |'s f thef ddien qrigsadepefydent upepeftiengegnsm of hnteractid®ar coin
 between the field and the coin while the other one is
a compensating device which serves predominantly to
reduce- measurement scatter dué to variations in coin
fliéht path, the inducﬁance or capacitance valueé of
10 'the-sensing aevices béing Seléct;d at different values
SO aé to increase ﬁhé ratio of measurement sensitivity -
to scatter. | .
By appropriate chqice'of the relaﬁive inductance
or caéécitance.values for the sensing devices, the
15 ratio of meaéurement sensitivity to scatter can be max-
imised,_sé as to optimise the overall measureﬁent acgurécy.
o - Tﬁe §rec$se values chésen will depend on the range of
Variatibns'in side-to-side moﬁion encountered. Thé_largef
this is, the higher the ratio of the inductance Qalues'
20 of théitwo sehéing coilé. Depending on the ciréumsgagces,
‘the inductance ratio could be as low as 10% or as high
as 90s%. |
The'inductive.coils can be connected together in
series or parailel with the-mutual.inductance aiding or

25 opposing. When the coils are connected together in series,



characteristic or characteristics to which the nmeasuring coil is

i ntended to be responsive primarily, the neasuring coil nmay be nounted in
-t he ar wall, against which the coin will run in facial contact, or in the
fargggll.. For exanpl e, when nmeasuring coin thickness, the measuring coi
could be nmounted in the far wall, whereas when nmeasuring coin material,

the nmeasuring coil would generally be mounted in the near wall.. Simlar
considerations apply in cases where the13eﬁ5|ng devices are in the formof

capaci tive el eEf{?é“ %eaWMngfgich% frﬁW h&y ftwthf%rgﬁﬁf a4 %@t%%%“re of
the invention echni ques nown maki n on t e validity of
a coi n which |%al%?gﬁp9rﬂéﬁeﬁaéﬁt§H5&1%4ﬁa%ﬁﬁ%#$%ﬂ EBnPasALieh Ghethakd

CFIn One knﬂd@suriﬁghﬁoquﬁw1llnhabeﬁ$he smandeirt tvialge. aWsually,

el ect ronagnet i L N .
resulting atte u%t?%g Ra?ﬂ%géQ§£ Vll# §nsﬁ$€te%g g g gggg}gknag%&gls on
opposite sides(approgimately410° kota thackeatdcadqoilrne sor thaits psrpose.
There are two a8 QY 95§§9yant @eeﬁaw b8 bALGr&&CBRAYUCne Gbial ka1t he

variation in attenu t1on uce he several coin_paterials in conmmon
usage, often egg:ﬁve nco?'lﬁeséia ageway substantially 1n facial
' contact w1th one of the later'al walls of the ¢oin

passageway. Depending upon the particular coin
characteristic. or characteristics’ to which the . =
measuring coil is intended to be responsive primarily, o \?
the measuring coil may be mounted in the near wall, '
against which'the coin will run in faciel-contact, or
in the far wall. For example, when measuring coin .
thickness, the measuring coil could be mounted in the
far wall, whereas when measuring coin material, the
measuring coil would generally be mounted in the near
wall.: ' L _ o |
-Similar considerations apply in cases-where_the
sensing devices are in the form'of capacitive elements}
.~ With reference now to a further preferred feature
of the invention, techniques are known for making a .
‘check on the validity of a coin which is . largely N
_ dependent upon the materlal eomp051tion of that coin.
' One known - technique  involves transmltting ‘an
electromagnetic signal through the coin and
detefmining_the resulting attenuation on the signal.
Transmitting and receiving coils on opposite sides of
the ' ' '



5 “any ‘one particular country, is so large that, hitherto nore than one
signal frequency has been used to achi eve adequate discrimnation. For
exanpl e, .for copper, alumnium mld steel and nickel a transm ssion EE:)
frequency of 2kHz is particularly suitable whereas for brass, cupro-ni
10 and non-nagnetic stainless steel a frequency of typically 25kHz is
required. The need to use two frequencies involves either the use.of two
pairs of transmitting and receiving coils or mxing the two frequencies on
the transmtting coil and separating ow 1ghe- two frequencies 15 fromthe
receiving coil with analogue filters. Such analogue circuitry is expensive .
and héy'relatively-high power consunption.” The second maj or di sadvant age
of * this ne_turtrrck cutei xpauisedhforf ¢hisoipwrpessi stTheref afayeve of
different materials and at the frequencies 20 adopted hitherto, the
ef fect of tRRIW fFEFN2EALRST Vi ths thisr deehnigue. r BLFStLY ortB€ French 5
Franc-coin.mhifh consj sts. of a nickel -cl ad %P ro nickel core and a Gernan

£ &y &

5DM coi n whYZh 7%??&1.%)?ﬁ%%%¥35§8P &rm4H59 ?kﬁfﬁ%ﬁ?%ecﬁ no
attenuati on %ée%%{%selﬁg_tégnr&gggeﬁl gg%l g%%__(?:nrsie%g% Olﬂrl‘}‘%ﬁ%c)uééi&o %iés(gkngw sh

as between T . WO “COi NS. ornér vol ves deT er n ni ng
the phgse djffes gﬁf ths mistgt Lyed si Sorather
t han tﬁe att_e%uaﬁpcﬁaa{?t e_&éi gng{.‘ﬁgls't ﬁtgualb ?ﬁlﬂ-séfg@hmeﬁulz g’ggis. <ﬁave some
advant ages, mbé €HRdrPlortk Syl a8Pequency has been used to achieve

¥%

>
T

el -

. adeguate discrimination.' For exaﬁple, for copper, aluminium,
mild_steel and nickel a transmission frequency of 2kHz
is'particularly sgitabie whereaélfor brass; cupro-nickel

10 ° and non-magnetic stainless steel a freéuency of typically
25kEz is required. The need to use two fraquencies:. .
involves.either the use.of two pairs of'transmitting and
receiving coils or mixing the two frequencies on the
transmitting coil and separating out the two fraguencies

15 from the receiving'coil with'analogue.filters. Sucﬁ

o analogue'circuigry is expensive and.has'relatively high

.'power consnmption; The éecoﬁd major disadvantage of -

tthis measuring technique is that for-coins'consisting'ofl
1ayers.of_different'méterials and at the frequencies

20  ‘adopted hithertd, the effect of thé different materials is

| averaged. As a-result;-fof'afFrench 5 Franc coin which
consists of a nickel-clad cupro nickel core and a German

. 5DM coin which is cupro nickel overla ﬁickel core, the
degree of attenuation of the electromagnetic signal i$

25 . difficult to distinguish as between these two coins.

-~



5 is the same as in the case of the attenuation technique, nanely nore

Yy .ane frequency has, before now, been adopted to give good resol ution

ow®fy i’he range of materials used in coins and this again requires two
channel s and anal ogue filters. 10 ' - A variation on neasuring the
transm ssion attenuation at a fixed frequency or frequencies is to nmeasure
t he frequency which gives a fixed attiguati on using a voltage controll ed
osciltator. For the full range of coin materials encountered, the

transni ssion frequency has to be variable 15 between about 100 Hz -and
100 kHz: A vdirnageexontdbEicdtieon linatdivesnpddterminshgwihg ghiaskel y over
this range can be provided by using a fixed-frequency oscillator (1 Mz
and a @} ffrprenamtbetveen othe| tapasmifdath|andveeceh¥edafdegnsls Mz to 1
MHz, and by nixing the outputs of the fixed 20 -and variabLe ggcillators.
and t herpWEBRHAAhgtRRit 2ERendprEAORe e thee RATRIL - Al RAEBGHEPNERESnbi ned
output js . digital.and therefore i s suitable for_ progra bl lLidity
cheoks, SSH EIAE TSR 8: AOBRG SRR AIRTUbET ORRAGR Aomary firge

techniq e y i I 5 - Lt Lsh ecification
1%55,‘ 4%%&}%2%%4 a%l ?[ié {:ﬁlgsgalss%cIocfsé:é’eap%%ilf%t‘%éh?grﬁ Fggg‘?‘%"?ﬁd accepting

and/ or Lol G iRG-EO0LNEn bRe VRrekuRady Y, ise8UBbeAbR] baea number of
- tests, one of Ich is an inductivetest ' '

adopted to give good resolution over the range of ma;erials
used in coins and-this'again requires two channels and o/

analogue filters.

10 A variation on measuring the transmission attenuation

T et

at a fixed frequency or frequgncieé-is to measure the'_‘
frequency which gives a fixed attenuation using a voltage
controlled oscillgto;. _For the full rahge of coiﬁ materials
encountered, the trahsmission frequency has to be-vafiable,
15 between about 100 Hz .and 100 kHz. A wvoltage controlled
oscillator'capable of §1ewing quicki& over this range can be
provided by-using a ?ixed_frequency éscillators(l MHz) and a -
voltage coutrolled oscillatbr operable_ove:_the range
0.8 MHz to 1 MHz, and by mixing the outputs of the fixed
20f_ and variable_éscillators and then separating out the
aifferenée frequency. Although the combined output is
digital and therefore is suitable fot programmable validity
checks,.the system bandwidth and power consumption again
make this technique generally unsuitable.

25 In British Patent Specification 1,255,492, there



-using a coil which is connected to a bridge sensing circuit energised
froma 100 kHz oscillator. The inductive . test 18 designed to
exami ne  the electromagnetic characteristics of each coin under test af&‘t)
the bridge network is brought into balance only by acceptable coins. Coin
whi ch do not bal ance the bridge are rejected. The apparatus is specifically
designed to recognise the former British 6d, 1/- and 2/-coins and the all oy
used in the manufacture of each of these three coins is identical. Thus
this test is designed to recognise a pattigular coin material. It may be
capabl-e- of -di stingui shing from honogenous coins consisting- of a
di f ferent materisaldisnliosedbiapparatusafidni téscionstande hicorpiglt apd dolrice a
response in the test which is indistinguishable fromthe coin naterial
whi ch the test ireikstiiecaing.eddymitich qach cqine I'svenligoped & fact  of
the different coin material |ayers. Another feature of the preferred
_enmbodi nent , .t houtHPeFsi A tGA%E, ofRe Pfedifeifly, isi &n nRdtatidestezhpanl e
of nore reliably, distinguishing between - 17 - identically .
i mensi oned | GEiRE & gpit iR U SBERRe ey Fin e WTIHES SampnieR
coins  and. '“Oﬁt&E¥HHE%.C%h@§gised from a 100 kHz oscillator. The
' inductive test is designed to examine the
electromagnetic dharaéteristics of each coin under
test and the bridge network is brought intoc balance
dnly_by acceptable qoins. Coins which do not balance
the bridge are rejected. The apparatus is specifically'_
designed to recognise the former British 6d, 1/- and
"2/-coins and the alloy used -in the manufacture of each
. of these three coins is identical. Thus this test is
designed to recognise a particular coin material. It
may be capable of distinguishing from homogenous coins
consisting of a different material‘ but coins of
ol sandwich constructibn might produce a responée in the
test which is indistinguishable from the coin_material:
whiéh the test is designed to recognise, due to the
?averaging“ effect of the different coin material
- layers. |
Aﬁothef feature of the preferred embodiment,
- though wusing only one frequency, is nevertheless

capabie ‘of more reliably distinguishing between



In accordance - with this feature, an inductive  sensor arrangenent ‘is

arr e€d to subject a coin in the examnation region to an oscillating
e[géﬁﬁon&gnetic field, the field being oriented so as to penetrate the coin
in.a”direction substantially normal to its faces and the frequency of the
oscillating field being such that in the presence, in the exam nation _
.regi.on,.of an authentic coin of the or each denom nation acceptable to the
apparatus, the skin depth of the fieldifithin the coin is below the depth .
of any surface cladding on the coin-but not as deep as the central plane of
the coin. |nidendiggddyfi cadii@gnsdrnaddept Aoing defohed adiffererept h bel ow
the surface of the coin at which the current density is /e (where e €
the exponent iCRRSEHYEEIOR)y o 83, 8RHAAWRITE c &N A% ANG i HWRW\IRIYY at the
surface of t@%i Qi n.. The precise choice of field frequency will depend upon
the particul ar Si'ns to be recogni sed, but usually the oscillating field

80 kit and subst anfs &l oo DO Ty L PP fR1Sieodtie, B Pllfuetpet 1Al LY
frequency -i%en%%QYaFPQHEEhéﬁﬁtis|ébﬂéhé€ﬁ“@% kh@ﬁeﬁeraveaynf&ﬁﬂpﬁéequency
o examination region to an oscillatingleléctromagnetic |
field, the field béing oriented éo as to penetrate the
coin in a direction éubstantially normai'td its faces i\J,
and the frequency of the oscillating field being such
that in the presence, in the examination-region;_of an
authentic coin of the of each denomination acéeptable
to the apparatus, the skin depth of the field within
the coin_is below the dep£h 6f any gurfade'éladding on
the coin but not as deéﬁ as the central plané of the
coin. | o
In-this-sﬁécificatibn nskin depth" is defined as
the depth belo#.tﬁé éurfacé of the coin at which the -~
current density is 1/e (where e is the expdnential
function) or.36.8% of the current or field density at
thé surféce of-the coin. o |
The breciéé éhoice of field frequency'will_depend
upon thé pahticular éoins-to be recognised, but usually
the oseillating field frequency. will Sé in: a rangé
whose upper and lower'limips are éubstantiall& 80 kHz

and substantially 200 kHz.



oscikllaters (for exanple 1 MHz) the skin depth (a neasure of the degree
of penetration of the el ectromagnetic waves -'19 - into the coin) is
very small so that transmit/receive techniques are inpractical and even -
wi th inductive sensing techniques the validity check is largely influenced
by the surface material of the coin. The skin depth is a 5 - function of

- the frequency of the electromagnetic field and of the conductivity and
. magnetic perneability of the nmaterial penetrated by the el ectromagnetic

wave. It will be apparent therefore that at these very high frequencies,

it is-knpossible to distinguish between a sandwi ch 10 coin and a coin

-made wholly fromthe sane outer |layer material. It . is also known to use | ow

frequencies (e. g. about 2 kHz) for which 88e-"skin effect" is negligible
and the strength of the electromagnetic wave within the 15. material in the

~coin is not significanthey aparhiculkar Aecheied feBqubneaeenehe &%ff BEENHt
~effects of different materials used in |layered coins ten
~trans- mission andigmifiEednie s&fsijrﬁg'knc%%

.with both
ﬁh@&e£PFoV8€Ya3355g3%985?88$d
multi-layer coins_arge someti i_ndi stingui shaj 2Q., Jr oi conglstin
of oln_e rr)E/tt eri a: 3%??/1 @%ﬁgg{r olﬁ’sc?'hggglaﬁec%%%a(glcr?ee;i gm\/\gv:a&fpst‘i} hg‘l”':alrreg
as the average  poagure of the degree of penetration of the

‘electromagnetic waves

_&d!



ef fect: produced by a different-layered coin. Such known techni ques can .
‘therefore in sone circunstances be unsatisfactory. 25 On the ot her
h@;\'_i t has now been appreciated that - 20 - by selecting the magnetic
fire¥d frequency to an appro- priate value, typically within the range whose
upper and lower |limts are substantigl,ly 80 kHz and substantialtly 200 kHz,
the magnetic field will penetrate fo a signifi- 5 cant extent through to

the outer regions of the core of the coin Iying .beneath the surface

: . : yo of th _
regionsj, (il ¢HY dPiRy Subsiapyl §¥na§.)it gnt tgﬁt\é\nttlt%ﬁ{%r&g@qﬁgﬁg&v the core

" Thus, with appropriate choice of the osci y, the skin depth

wi | peredhriiqudseaalt ehpkayeical andaRerenlWitd Th&QEPi 8t 8ehBengut er s
regions of the core and in this way a distinguishable difference would
occur itedhrdicpteserilae i vatigloguechechy i3 Aaerelyd infDenPe@cbyand. a Ger man
5DM pi ece, for_ exanple. O course, the precise value of frequency chosen
wi || dehendunfre Heapariatupsr the codoi.n Mhaeerskirs dépthi ts &he coins are
made which the validator is specifically designed to recognise. A S
f requent3pHion oxFhat EFgavencyHe i shgerlersdanaanrepiet fieldr|y suitabl e

for many of ‘coin gets.commonly in use in the wor|d at the present tine,
i ncl udi%‘/fbé)é’ftzg:%e mT$B?€be§YoPn%Wéﬁl&iﬁ?sr’%ﬁﬂabh%'ﬁ@eﬂéoﬁ €coi ns

material penettrated by the electromagnetic.wave,' It will

| bq apparent therefore that at these very high frequencies, ;J'

it is impossible to distinguish between a sandwich o |

10 coin and a coin made wholly from the same outer layer

material. .
IJ.

It is élso known to use low frequencies (eig.
about 2 kHz) for which the "skin effect” is negligible
and the strength of the electfomagngtic wave within the

15 material in the coin is not signifidantly attenuated. At
such frequencies the different effects Cf-different |
materials used"in layered coiﬁs tends, with both'trans-

- mission and induétive séﬁsinq teéhniques,to be averaéed v
out and multi-iaYer coins_are.sometimes indisﬁinguishable

20 . f:om coins consisting of one material only'whOSe effect

- on the electromagnetic wave is the éame as the average
lgffect producéd by a different;layered coin. Such known

~ techniques can therefore in some circumstances be |
unsatisfactory. |

25 ' On the other hand, it has now been appreciated that



made fromwi dely differing materials. Wth the inductive sensing
arrangenent formng part-of an oscillator circuit whose frequency and
anpl i tude change in dependence upon the degree of interaction 25 be

the oscillating magnetic field and in order to - 21 - minimse th
effect of unwanted paraneters such as tenmperature effects, frequency drift
and the like, it may be preferable for the ratio of OSC|IIator out put

vol tage in the absence of a coin to t Ire 29i m num out put voltage with the
coin in-the exam nation region to be deternmined. For a better understanding

of the” 1nve£5f|§)&ecr\:diri€ égow QSXVBS_’ mz;nﬁ&nefyr beﬁglgg |nto effect,

referemce NOW tﬁ%-acconpanylng

draw ngs, m&malfé fg%céig.ﬂeg'ﬁ% e tcra;r}ﬁ‘% dﬁ@%_o&p&%go' :

val i dat or s ow ng I n pa arrangenen hr'e
-inductive sgReOldyet NP s OaPe! 6aBELaRILAT Y 86 185 C4AAE 08@bs VaRYVA L 2G0T

ine ta l:%o_kHz, the magnetic field will penetrate to a signifi-

5 _ caﬁt-extent through to the outer regiens of the core of
the coin lying .beneath the surface regions but not_ﬁo a
‘substantial extent to:withinethe heart of Ehe.core. eThus,
with appropriate choice of the oscillation frequency, |
‘the skin depth will.penetrate the outer layer of e sand-

10 wich coin into ‘the outer regions of the core and in this
way a dzstlngulshable dlfference would occur in the
atte1uaelons produced by a Prench 5 Franc_ piece and 2
'German SDM piece, for example. Of course,-the preClSe
value of.frequency ehosen will_&epend upon the perticulaf

_ 15 coin materials of which the coins are made which the
..validator is specifically'designed to fecognise. A
| x;i. ' frequency of approximately 120 kHz is believed to be
particularly suitable for many ef the coin.se;s commonly-
'in use in tﬁe world aﬁ the_present_time} inclﬁding a
20 fmultiplicity of-sendwich coins ahd HOmogeheous coins
‘made from widely diffefing maﬁeriels. .
erh the inductive sensxng arrangement formlng
part-of an. oscxllator c1rcu1t whose frecuency and amplitude
change in dependence upon the degree_of interaction

25 between the oscillating magnetic field and in order to

L



in Figure 1; FIGURE 3 is a sinplified block circuit diagram5  of

di,scri m nating and control circuitry used in conjunction with the inductive
se s; FIGURE 4 is a detailed circuit diagramof the circuitry;, FIGURE 5
IS inmplified circuit diagramof a 10 rectifying and snoothing circuit
inctyded in the circuitry of Figures 3 and 4; FIGURE 6 is a signal diagram
il lustrating operation of the rectifying and snoothing circuit; FIGIRE 7 is
anot her signal diagram showi ng the 15 node of operation of an )
anal ogue-to-digital converter to whichstthe output signal fromthe snoothing
and rectifying circuit is supplied, FIGJURE 8 is a flow.chart show ng how a
l.arge scale i giggndsed tHd CoFteétSlor | GAkEACEd | paratetiersui $tigh 0Bs20 =
Figures 3 and 4 is preprogranmed to. operate; FIGURE 9 is a waveform di agram
i ndi cati ng t heehperattbire pdflectss Snppuercyt ortiftf enénthpaltikeof itthe
discrimn- ating and control circuitry, FIGJRE 10 shows various signal
waveforms to @8y bl lprsfegadlendan gthe i cahte of perddilagonp oatRugh
frequency - 23 - oscillator in the_discrjimnating and contr%gu%ircuitry;

- voltage in the absence of a coin to the minimum ou
'voltAge"with'the coin in the examination region to bé
determined. | | . _

For a better understanding of the inventioﬁ and to ’“
show how the same may be cérried into effect, reference
will now be ,madé, by wa§ ”of' example, to the
éccompanying drawings, in which:-

Figure I_is.a diagrammatic side view of a coin

| validator showing in particular the arrangement of

three



FI GJRE 11 shows an exanple of how the first |nduct|ve sensor can be
connected in'" the oscillator circuit; 5 FI GURE 12 shows the
different "skin depths” in three coins, depicted in dianetrical section, Ggib
identical * diameter and thickness, resulting when each coin is

subj ected fromboth sides to an oscillating el ectromagnetic field of a
single particular. frequency, but the coins 10 consi sti-ng of (a) a netal
core'clad in a different netal (b) a clad2cere coin with the two nmetals
reversed and (c) a single netal only; FIGURE 13 is a sinplified block
circui-t diragram simlar to FIGJRE 3, showing a nodified discrimnating 15
and coat r oknductive ; senndrs| EURAEg13 coia &reciist di agram of a preferred way
of realising part of the circuitry of Figure 13.. DETAI LED DESCRI PTI ON OF
EMBODI ENTS The coFFGYBE di 1§ 2heertAgnappyisrusiandeiraci?bedt®0 with
reference (o FLgures 1 and 2 has no credlt totalising or mechani smcontrol
(such as chBnBE99FSihg) functions. is capable nerely of ‘performng

1alT0, 15 Shecks g sefoq rogad dg bl Bciiy slggradpl o
purpoge, itha§sékfmiﬂgtihguﬁthEEBtthe%Ek%ﬂf%r&Fﬂsedf134c0njunctlon
~ with the inductive sensors; | | | o
FIGURE ; is a deteiled circuit diagram of the
circuitry; | | |
FIGURE 5 is a simplified circuit diagram of a. :
10 - rectifying and smoothing circuit included in the circuitry
| of Pigures 3.and 4 |
- FIGURE 6 is a signal diagram iilustrating operation
of the rectifying and smoothing circuit; . | |
-FIGGRE 7 is another siénal diaéram_showing the
15 mode of ooeration of an analogue-to-digitai conuerter'to'
which the output szgnal from the smoothing and rectifylng
&EE - circuit is supplled, _ _ ' _ .
" FIGURE 8 is a flow cﬁart'showing how ailatge scale
integrated circuit'(ﬁsi) included in the cirouitry.of
20 Figures 3 aud 4 is preprogfammed to opefate} '
FIGURE 9 is a waveform diagram indicating the time
wheu_power is supplied to different parte of the discrimin-
ating and control c1rcu1try, o |

.FIGURE 10 shows various s;gnal waveforms to'

25 illustrate the sxgnificance of powerlng-up a high frequency



(Figure 4) at an appropriate one of which a signal will be produced, after-
agycceptabl e coin of one of the six recogni sed denom nati ons has been
iNg¥rted into and cleared the apparatus, to indicate the denom nation of 5
the coin. 1In addition, an accept signal will appear at termnal Q
whi chccul d be wsed, for exanple to operate a coin accept/reject gate so as
to admit the coin into an accepted-cp3n-chute. Alternatively, if the coin
is not judged to be acceptable, no signal will appear at termnal 10 'Q
and the accegt/reject gate_directs the coin into.a rejected coin chute.

Ref erri Agcidlatgar &3 thgndizcriminatingadndi epnemedkicigcaydayst us .
conprises an inlet _hopper 1 or slot in the top of the casing 2 of the =
appar atus t hr ot gRURRi dnt §§°W§1QEH?ﬁ%%ﬂl%e°€rgﬁﬁe&hﬁof&§sﬁested. The coin
travel s,dqwnyardl y under the . action of grayity,and strikes an energy.

di ssi paf‘Paﬂcgchéeﬁs\?ﬁ &th ?%Ie%?%%‘éltg ‘a‘bsﬁPB PRELMREAT energy of the
coin “‘%QQH& 8ausing the coin to rebound or bounce. Accordingly, the coin,
in positian § * 7, starts to roll under gravity along a downwardly

inglined coin £igGked 120 ShAs SUECESBEYALYE PBKeR Wadipldwesensors HRI,
. LF and HF2. The first sensor HFl conprises two circular coils arranged one

at eachthirde @bih8¢ @epidid id dismétaDdalesectiRaCedPiddntiddle walls 5
and 6 (see Figure 2) 25 which, together with the coin track 4, define a

“toi n padsageter and thickness, resulting when each coin is )
- subjected frcm.both'Sides to an oscillacing electromagnetic -;;n
field of a single_particular-ffeqﬁeﬁCy, but the coihs
10 cousisting:of ka)'e metal core clad in a differenc metal ¥
(b) a2 cLad core coin with the two metele reversed and |
. () a single mecal only;
FIGURE 13 is a'simpiified'blcck circuit diegiam,
similar to FIGURE 3, showing a modified discriminating
15 and control circuit; and
'FIGURE 14 is a circuit diagrém of a prefeffed
Qay of realising pafc of che cifcuitcy of Figure 13. - S

. DETAILED DESCRIPTION OF EMBODIMENTS

The.ccin validiﬁy checking apparetus tofbe described
20 with feference to Figures 1 and 2 hes no credit totaiisihg
| or mechenism control (such as chenge-giVihgi functiohs.
It 15 cepable merely.qf performing Galidity cﬁecke.on
| inserted.coins'end_is.adapted; by way of exémple,'to
recognise coins of up to six different denominatiOnc. For

_25 this purpose, it has six individual output terﬁinels J~P



backwardly away fromthe vertica

25

_V\ay

Figure 2 shows clearly that the side walls 5, 6 are canted

at a shallom/angle (typically

approximetely [err] so as to ensure as far as possible that .as the.coin

rolls past the sensors 5

2
HF1, LF and HF2 in turn, it will be in faC|aIC§j\>

contact-with the rear side wall 6. The Iomer. edges of the coils of HF1 are

spaced slightly above the coin track 4.

The dianmeter of the coils is

smal | er than the snallest coin which is. tpshe recognised so as to mnimse
“dianeter 1
circuldr. COI|S mounted one in the side wall 6 and

wal |

the coin track 4. The di aneter

co

the coin track.

in.

0 effects”. Simlarly, the second s

ensor LF conprlses t wo
the other in the front

sufand(bmgbreoniSaaranaep@nyykﬂ%ﬁél6&@!6fIQMEEhedgeSgﬁhnghity above
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a coin accept/reject gate so_as to admit the coin into an

accepted coin chute. Alternatively,

" judged to be acceptable, no sigdal wi

'.Q and the accept/rejectegate.directs

" rejected coin chute.

Ref errlng to Figures 1 and 2,

checking apparatus conprlses an inlet

in the top o& tqe casing 2 of the app

a coin can be dropped to be tested

downwardly under the ‘action of’ gravzt

- energy dissipating device 3 which is.

if the coin is not
11 appear at terminal .

the coin into a

the coin valddi“
hopoer 1 or slot
aratus tnrough whlch

Tne coin travels

vy and strikes an

designed to absorb

the impact energy of the coin without causing the coin

to rebound or bounce. Accérdingiy, the coin, in position

7, starts to roll under gravily along a dewnwardly inclined

coin track 4 to pass, successxvely, three lnductlve sensors

'-Hrl LF and HFZ The first sensor HFl comprlses two c1rcular

coxls arranged one at each side of th
and ‘rear, spaced-apart, side walls 5

which, together with the coin track 4,

e coin path in front
and 6 (see Figure 2)

define a c01n passage-

.



-26- case is a high frequency (typically 500-1500 kHz). When a coin rolls .
dgw the track 4 towards each sensor and enters the oscillating magnetic
fYetl due to the sensor, an interaction will occur between the coin and the
osCillating 5 magnetic field. This causes a shift in the oscillation
frequency of the self-excited circuits, reaching a maxi num val ue when the
coin is directly facially opposite the sgnsor. The oscillation frequency
will t.hen start to reduce continuously as the coin travels past the sensor .
until 10  the frequency level returns to its forner idling level. The
osci | | ahpn fFEgULHCY ¥RYREOETRAAY ttmatsettsorsidElvablisHb2 &s the coin 7
rolls down the track 4 are shown in Figures 9(a) and.(c) respectively. wbhe
coi n al ape abantdd vackyurfilymameay dboin |theryerticalt att ResbBy1@%npi ng 15
the circuit and reducing the anplitude ofgits oscillating .voltage. The

di scri mangte nftypticadiyr sppsoxdmately stQeki $PeBSt 5O RPEYFLYEFe t he peak -
frequency shift but_ to nmninmse the vo]tage anplitude, reduction. The manner
| n whi CRAThAS PRSHERLByERaLs Afoddta 1AL FRbIe BEcki £n80 SSASSFS wit h

i cul i 10.Fi ] 4 Y - arting.fror
"5 | dl FRb/ 1FBQURACHT 2 AR SEEP 7 &%3‘2%‘%%;{&? R et ee depend
upon sevetal  ghar agteristl ¢asaf dhe 1ol SUER a8cdball ahe MM al.

t hi ckne¥ ace ail. wever, . of the sensors 25 HF1, HFZ,

oW NG Qe f;$15028 APUcERRALHYBPUMERE €86 AELYR track 4. The
diameter of the coils is smaller than the smallest coin o i‘d ,

which is to be recognised so as to minimise "diameter .

e

10 effects”. Similarly, the second sensor LF comprises two
circular coils mounted one in the side:wall 6 and the other
in the front wall S, and both coils are arfanged_with their
.1ower edge§ slightly above the coin;t?ack 4.. The diameter
of the coils_is smaller than the smallest coin. The;

15 third sensor HF2 th;h is mounted in.the ﬁide wall 6
comérises a_single coil bﬁt.this'co{l has an oval-shape
.and is arranged with its maiér axis.éxtending in a géneraily '_::_

" upward direction.felaﬁive to.the coin track. As shown, the
lower edge of the HF2 sensdr is spaced above the track 4 but

20 it cﬁuid alternatively be'aﬁrangea below.

The sensors HF1 and HF2 are connected in respective,
self-excited, bscillatory circuit# 300,301 (Figurss 3 and
4) which in the ébseﬁge ofla coih.frbm the examin;tion'regionl
- of the apparatus and when energized will osciliaﬁé at a

25 particular idle freéuehcy.. The idiiﬁg frequency in each



-27- to the coin track, and oscillation frequency, is designed to respond
predominantly to one parti.cul ar characteristic. Thus, -the HFl sensor is =
responsive mainly to coin thickness. The HF2 sensor on the other hand is
responsive 5 primarily to coin dianeter. Wen processing the HF1 and '
HF2 frequency signals, a canparison is nade to determ ne whether the peak
frequenci es derived fromeach coil -are conpatible with sets of

predet ermined upper and lower limt vat & Tndicative of accept abl e coins

of partlcular 10 denom nations. The LF sensor is also connected in a

A C'n.tﬁ‘%agﬁ%%'y' RSR Fribionay b AL e OB Shatke) 0 bR e

fower T m focath toELb SONE Rhe T RgR d'g‘i%grmea§ﬁég§?§f’§¢§§?y%m 1
f requency QﬁeaQQUilfggiﬁgtma HeéfE’ff%ﬁacﬁuehéoLEhéegéﬁEora agin rolling

down the track 4 past sor w | I ng about a frequency change and -

anpl i tude ghtepHation RLiLhecess Hetlvdkh 2bhe 881RAURNAI @R8I oc8Ei1lh@tGngCcUi t -
302 but in this case the frequency change is small and ignored and instead .

a conmgar i spaghetiBdeiébddet ehlisnecadwdded sWPLei gnakhanpkctiadataonpeak
attenuation is conpatible with groups of upper and low limt val ues
correspondﬁmgquenezceﬁtabeesemﬁﬁexﬁiﬁﬁﬁ cxecoghssededehéngnatm@m&mumﬁhe LF-
senser S predonlnantLg he
@ value when e coin is directly fac1ally opposite t
o sensor. The oscillation freguency will then start to reduce
continuously as the coin travels past the sensor until | .
10 ~ the freque5cy level feturne to its former idling level. oy
o The oscillation fregquency waveforms for the sensors Hfl
and HF2 as the coin 7 rolls down the track 4 are shown
in Figures 9(a) and (c) respectivél&. The coin also
absorbs energy from the eSCillatory circuia,'thereby damping
15  the circuit and reducing the amplitude of .its oscillating
. voltage. The discriminating and contrbl circuitry is
_xa‘ designed to investigate the peak frequency shift but to
minimise the voltage amplitude reduction. The manner
E in which this is achieved 'is described in more detail
20 below with particuia: referehce to_Figurés,3 and 4. For
each sensér, starting'frdm its idling freQuency,.the peak -
frequency shift will in eaeh'case depend upon several
characteriatics of the coin such aa diameter, material,

.thickness aha surface detail.f However, each of the senSors:_.

25  HF1, HF2, owiﬁg to its size and shape, arrangement relative



responsive to the material characteristics of coins. - If the
tion (discrimnation and control) circuitry determnes that a coin
has cleared the HF1l, LF and HF2 sensors has passed an appropriate 5 -
‘conbi nation of tests for any one particular coin denom ination which is
recogni sed by the coin checking apparatus, it generates an accept signal on’
termnal Q (Figure 4). If one or nore tests is failed, no accept signal'is
generated. The presence or absence Of 23n- accept slgnal 10 intermnal Qis
used to control the position of an accept/ reject gate, as nentioned above.

Referri %Re ?Eﬁet%@éﬁqfhg§aﬁsgéigiggkggt'9” an ontrolégégﬁléryrls

switched o ral 'y 1n a coin ‘F7an OSC|IIaIpwy

Ci 10U { 301 Gesp3d; 302V M RPOLY BRY Bse%&egm @l R8s anale |

applied to th I r eXxterna nputs | circurLt 300 Is set |n a

- st andby 19fusi, dkh89HEANdidn VY bes arssp bheipet falinaly @o RARr source 304 is.
permanently applied to its internal blas circuit. In this condition, the
HF1 20 thdekhkkstor TheO HFRVEesSgabh €hér erhert Wandalilsy desyoridiare about 1
mA at 5 volts, froman external power source 304, the HF1l oscillatory

ci 1scui t fadmagitynheccedmatianetehe r¥henn peocessing thee HRiwamduppl y

through a resis- tive circuit (such as a resistor) 305. Connected in
HF2 frequency 51gnals, a comparlson is made to determlne

‘whether the peak frequencies derived from each coil are
compatible with sets of predetermined upper and lower limit

values indicative of acceptable coins of particular

-ty

10 denominations.

The LF sensor is also connected in a self-exciteds
oscillatory circuit 302 (Figures 3 and 4) but this
_oscillates at a significantly'lower freggenoy. %For speacial
reasons which are discussed below, rhe frecuencp is selectedﬂ

15 in a‘'range whose upper and lower limits are substantially
80 kHz and 200 kHz, and preferably at a frequency of about
120 kHz. In the case of the LF sensor, a coin rolllng
down the track 4 past the sensor will bring about.a
frequency change and'ahplitude attennation.of the oscillating
20 output signal of the circuit 302 but in this case the |
frequencg change is small-and ignored and instead a
comparison is made to determine whether-the signal.amplitdde
at peak attenuation is compaﬁible-with'groups_of upper_
“and low limit values corresponding to acceptable coins of

25 recognised-denominations. The LF sensor is predominantly



25 ‘“parallel with the circuit 305 is a branch network conpri sing - 29 -~
a resistive circuit (such as a resistor) 306 which is connected in parall e
with resistive circuit 305 when an - electronic switch 307 is closed by a

vol tage signal on line 500. 1In the HF1 standby node, electronic switch 5

307 is open. A power-up electronic switch 308, when closed, by a "power-up"
signal on line 317, causes power to be supplied from power source 304 al ong
line 309 both to ctlose switch 307 and Lozgupply power al ong power-up |ine

310 10 through a biasing circuit network 311 to the HF2 oscillator 301,

the | ow frequency oscillatory circui-t 302, an anplifier 312, a rectifying

and sn®ot hizagponkiuiet £31Ehanthat atol 4 RoEh hpattegistdysc el extiars .314. The

power supplied on. line 310 via the biasing circuit network 311 brings 15

the HF2 and LF osZEl kheovpldidahiidrs Gdisaniim3batiemno angercantgi®l) Al so, the
closing of switch 307 so as to bring resistive circuit 306 info parallel
connect i on cdirchitsyi deiberminesyith305ar eddpevhilfh e GiaArse & ance

between the oscillatorﬁ circuit 300 and the return term nal 20 of the

‘power uni t B34 &Rdaphi EFfaSanfows thes BFS§Eép5Ph@Hﬂf99ﬁ}ﬁﬁﬁj!Iatpry‘- _
e 00 L a8 W 4000, ot LR PRI on s

|
ination which is recognised by the coin checking apparatus,

"o it generates éh_accept signal on terminal Q‘(Figure.4),
~If one or more_tests_i§ failed; no accept signal is |
generated. 'Thé presence or ébsence of ah.aécept signal ..
10 in terminal Q is ﬁsed_to control the position of an accept/ B
reject gate, as mentioned above} |
Referriﬁg to Figure 3, whenithe'discrimination'
and control Eiréuitry is Switchéd on initially in
the absence of a coin, the LF and HF2 6scilla£ory circuits
15 301,302 are nét energized because no voltage signal is
applied to their externél 5ias'inputs I, but HFl circuit
300 is set in a sténdby or idlihg cohditién because the
'potential:of power sbur§e 304.isipefmanently.applied to
its internal bias circuit. In this '(:ond_iti'on, the HF1l
20 oscillator 300 draws a small éurrent,-ﬁyﬁically less
than_ab§ut 1 mA ét 5 volté, ffom an external pdwer soﬁrce
504, Ehe HF1 6sciilator§-circuit bein§ connected back to
the'réturn.terﬁinal of tﬁe power supply thfough a resis-
t;Qe circuit (such as a res{sﬁof) 305; Connécted.in'

25 parallel with the circuit 305 is a brénch network comprising



out put signal fromthe LF oscillatory circuit 25 302 is buffered in.
{Jfier 312 and then fed to a recti - --30 - fying and snoot hi ng
.Lcuit 313 which produces a direct current signal at its output which is
proportional to the magnitude of the oscillatory circuit output signal.

Thi s anal ogue signal is converted in the voltage-to-frequency 5

converter 314 into a correspondi ng «izp t-al frequency signal. The anpllfler
‘312 serves to isolate the LF oscillatory circuit fromthe |oading of the
rectifying and snoothi-ng circuit 313. In a progranmmabl e-read-only-nmenory
(PROV) 31Zegistive cigehdd Uingh asl 3 ovesister) 3abuwbikbr ieach of a -
nunber (in this_exanple 6) of different coin denom nations which the o

di scri mSeRPEGhedndnc BAEAdiL %%lﬂiﬁnrﬁﬁﬁtﬁfﬁﬁ?gﬁbﬂcﬁbtré@égﬁh§é a?hF PROM 315
[ t.Lt f t 304 t

soi ton S1EEE8hat B BB, A e LR P A Sﬂ'asegéﬁarl B3e8%0n | e 318,
The opeaapi.onogt okl Lie ﬂlcugéanaq%ﬁgpééetw;@%ﬁgs LaLLRR R rouTtry s

controlle a large scale integra CIT I'ng i nputs a,

b, sc cognchgdoggnoutput-l|nes 501, 502 and 471 of the oscillatory circuits
20 HF2, HF1 and the vol tage-to-frequency converter 314, respectively. The

LSl handlies thr' poReir-dat &lletcﬂreﬁﬁd/@witbtﬂcwsSjaﬁﬁénV\’clBsédpredet erm ned
program the flow ',

* by a "power-up" signal on line 317, causes power to be

supolied from power source 304 along line 309 both to close . '\J}
switch 307 and to supply power along power-up line 310

10 through a biaSLng circuit network 311 to the HF2. osc111ator' 'ﬁ
301, the low frequency oscillatory circuit 302, an |
‘amplifier 312, a rectifying and sﬁoothing circuit 313 and
a voltage—to-frequency converter 314. The power supplied
on line 310 via the biasing circuit network 311 brings

15 _ the HF2 and ‘'LF oscillatory circuits 301 and 302 into
operation. Also, the closing of sWitch 307 so as to bring
re51stive circuit 306 into. parallel connection with =~ = ' -
resistive circuit 305 reduces the effective resistance
between the oscillatory circuit 300 and the return terminal

20 of the pOwer'unit 304 and this has the effect of stepping

| up the osc1llatory circuit 300 from its idling or standby

condition to full energisation. This increases the

oscillation amplitude.

The output 51gnal from the LF oscillatory circuit

25 302 is buffered in amplifier 312 and then fed to a recti-.



diagram for which is shown in Figure 8, and generates, when appropriate,
"power -up” signals on line 317 and 25 "PROM enabl e" signals on |ine 31

so as to read out the - 31 - sets of upper and lower limt val ues stored
in the PROM The LSl is also operative to conpare the neasured HF1l, LF and

HF2 val.ues with limt values read out fromthe PROMto determni ne whet her
each coin under. test is an 5 accept aphe_coin of a recognised
denom-nation. Referring nowto Figure 4, termnals A and B serve for
connecting the power supply and return termnals of the external power

sour ce=304 fyfinguaad3smoodthifgyalixtaii®n3 i rei thy prédueiesak Airectonnected .

to a Supply 10 voltage |line 400 and termnal B is connected to a negative
potential (dhrrentsyigned 432 1itEheodtubsehicht bs BTbpostionadctedtbet ween
lines 400,402. Gscillatory circuit 301 suitably is a Colpitt's circuit -
whose t f angtagndtudes oift $£heniascdrl ltory tebrewitsoutpugasigaatot eFhit&l | ine
402 through a serles arrangenent of an_inductance_406 and reS|stance 405.

The osci | | AMRLGEoFEGNGe S iSROVATRNRS bR athei YRAFASE~595EFEF SR Y ne 40 7
to the t t t put 503 t he JHE t
conned ed IFPTYSRES807 ik Adhh SO RRertbPIaB80asE 1 SFaRaPt; B LA00
to input b ‘I‘He ta!ﬂz%l_'i%':.e%:l%lz el TS £LEEHEE 288 erallsRiiibiery

circuit from the loading of the rectifying and smoothing
A circuit 313. . |
In a programmable-read-only-memory (PROM) 315 are

10 stored upper and lower limit values for eaoh'of'a number
(in this example 6) of different coin denominations which
the discrimination and controllcircuitry is designed to
recognise. The PROM 315 is energized at its input pin y
from the power unit 304 when an electronic switch 319

ls "is closed by a "PROM—enable“ s;gnal generated on line 318.
The operation of all the circuit elements of the validation

"'circuitry is controlled by a large scale integrated |

circuit (LSI) 316 having inputs a, g;-g connected to
output lines 501, 502 and 471 of the oscillatory circuits

Zp HFz; HF1 and-the voltageétoﬁfreguency converter 314, -
respeCtively. The LSI handles the input data it receives
in accordance with a.predetermined program, the flow
diagram for which is shown in Figure 8, and.generates;
when appropriate, "power-up" signals on lioe 317 and

25 "PROM-enable" signals on line 318 so as to read out the

. . - - e e e oo <+ - em e e———
v —— e L —— e

-t



out put signal of the HF2 oscillatory circuit 301 to be nonitored on output-

t inal D wthout affecting the oscillation frequency. 25 The two
s of sensor HF1 which in this exanple is arranged in parall el _ '
opposition are connected in - 32 - a Colpitt's oscillatory circuit in

correspondi ng manner to sensor HF2. However, as already nentioned :
oscillator HF1 is always at |east iLdlhking owng to a biasing voltage signal
which is applied to the base of the oscillator 5 transi stor base froma
vol tage divider conprising a series arrangenent of .a resistor 410, a diode
411 andseéed @5 et h S oNBRELET 1 ReVRaN ulde asidd Ven gk negati ve vol tage
. lines 400, 402. The effective resistance of the branch connecting the =
em tt erPROMI h@hesqidl aiwralsanspet@tiviestar dampdwee nelgatmeaswoedage |ine
402 can be reduced by a power-up signal applied to the base of electronic
Swi t ch B, Lihianid tHEZsvalee$owitbi lamdwi madiurs treadietorfrem as to
connect resistance 306 in parallel with resistance_305. The effect of this
is to sthe (RFQWé'—Q—IIﬂPQ%‘E‘PH‘at'GF?tESr egchc Gimotndeprress 131 #™g or
-standby condi tion onto f omeraléﬁpg atlo of the capacitances of the

tvio cap¥RTIRTABE0 IBF i tﬂe e6RE GBI Y1 oscillator i's chosen
at appr-oxi mat g{%%re?%#%s%‘ﬂ g‘?o? ;gn t4t e'lu%fnaf; )_{hgné)ué put si gnal from

t he out put 50
. serve for connectlng the power supply and return termlnals

P

of the external power source 304 (Flgure 3) to the S : o

validation circuitry. Terminal A is connected to a supply

o

10 .voltage line 400 and terminal B is conhécted to a negative

potential (0 volts) line 402.
.-The.HFZ oécillator 301 is connected between lznes

406,402;_ Oscillatory circuit 301 suitably is a Colpitt's
circuit whose transistor has ihs emitterICOnnected to

15 negative potential line 402 through a series arrangement
of an inductance 406 and resistance %05. The oscillator
becomes oéerativé when a bias signal is applied on line
407 to the transistor hase;-.The*dutpqt 503 of the HF2
osciliatory circuit ishconnected by line 501 through

20. capaéitor 408 and a buffer circuit 409 to input b
of the LSI 316. The buffér circuit 409 enables the
.outéut sighél.of the HF2 oscillatory circuit-301 tp be
monitored on output terminal D without affecting the
~oscillation frequency.

25  The two coils of sensor HF1 which in this example

is arranged in parallel opposition are connected in

R o —————— s Ay — —— m—————s e - fe = eme -



20 “This output of the HF1 oscillatory 6ircuLt I's connected through égiag
capacitor 413 and a buffer circuit 414 to input a of the LSI 316. The i

buffer circuit 414 is continuously operative to allow the oscillation 4
frequency of the HF1 oscillator to be nonitored at termnal C w thout
nmodi fyi ng 25 its value. Capacitor 415 connected between t-he base of . -

33 - the oscillatar transistor and the negative |line 402 serves as a
decoupling capacitor for the transistor~ Further capacitors 403,404 and 416
connect ed -between the voltage |ines 400, 402, serve to provide high

f mcy 5, I g qy replenishment. Thi ts fluct-
uat o | 2nBOLRHF yF VaP ERhESKREEn SR E oo Hor r SECTRRR? LRRPANRER of 1 he
uatione- I n nEPSHRET y* vBF FagiewRireh T . _BBePatre
Connect 6d 1« Sonenr ey re REeRRrG Al f dnedt hndd TogBTIELE

resi stor 70§pangscapagitoat 798asits iﬁlrﬁﬁﬂ%ir‘i’gr@Ge:éVBiésYHgt@GQtﬁbEnfm _
along.line 500 through a resistor 710 when electronic swtch 308, again in

the form of sagaaltwiicly Lsaappltied He thd kdwesl 68 bNeaopentladpr Signa
supplied to its base on line 317 from 15 the LSI 316. The electronic
sw tchs319 ¢wapsistsrabasesfrom taciviaigagenndiwider 420mphishngupplies a ,
vol tage signal to the base of a further switching .transistor 421, when the
LSl 316 ‘gensexies arrppgpmentbPd’ asinpailskor 43R, 33gdiode 411 and a

oo resistor.412 connected between_the positive ana negative
~ - voltage lines 400,402. The effective resistance of the
branch conhecﬁing the emitter of the oscillator trans-
10 istor to the negativé voltaée line 402 can be redﬁced by a
power-up signal applied to the base of electronic |
'switch.307,'which takes the_forﬁ of a switching t;an;istbr,
so as to conneét resistanée 306 in parallél.ﬁith resistance
305. The effect of this is to ;witch the.HFl o;éillatory
'15 circuit.BOO from its idling or standby condition onto |
fuil power. The ratiq.of.thé éapacitance;.of_the two
¥~; : capacitor 580,581 in thé tuﬁed éir?uit.of ﬁhé HF1 osciiiator
N is éhosen at_approximately 3:1 £o minimise the attenuation
of the_output sighal_from the dutput.sos oflthe oscillator.
20 .This oﬁtpﬁt 6f the.HFl gsciliatory circuit is connected
through cap#citor 413 énd A bﬁffer circuit 414 ﬁo input a
| of the LSI 316. The buffer circuit 414 is continuoﬁsly;
 operative to allow the oscillation frequencj of the HFL -
| oscillator to be monitored at terminal c;withaut modifying

25 its value. Cépacitor 415 connected between the base of

LY LY



also swi t ches power -to input 'y of the PROM The voltage 20 si gnal
[|ed to the base of transistor 421 sinultaneously causes a signal to be
.olled to an enable input x of the PROM 315 to enable the LSI 316 to
address the PROM and read-out stored data. A capacitor 424 connected

bet ween the |ines 400, 402 25 stores_energy fromthe external power source
. S0 that the - 34 - stored energy -cdA Be used to augnent the power
supplied to the PROM 315 when the transistors 420,421 are switched- on. The

PROM 31 bI he LSI 316 t
request iﬁ"%a%ﬁa%ﬁgt% e[ Ier\sléer?’é{;%y%%t gQ?APPﬁe?eﬁﬁ%;m gza S rztepr6esent at i VeOOf
the sel$e0hd4PRY AHbdAWS 1hd ”&&FXEHB:? fa&ort% i dde SREM  cor fespomli ng

to the coin denom nations assoclated with the appropriate decoded address
line AOpie-thbhe cagiciford 403 868 ARBAT1E eondHAdd Wleweegrt ed to the
corresponding coin output termnals J, K. L, M-N, and P. Address |ine A6
i s connaefledgieo lieves nEd0 A02 IheePE@Vtadgbresadsa Griajts Mredpidieyout put
signals are carried on the lines AOGA6 at different tines. By using

nubst i pl €5 ldeeiag end craErgy néplenhehstsntr.al Thdtss pfevtts dilddtmes AO A6,

the nunber of pins required on the LSI,: and thereby also cost, is reduced.
-uations in the supply voltage which could otherwise

upset operation of the validation Circuitry. L
The base of switching tranSistor 307, which'is ;;’;
connected to negative line 402 through.a.parallel arrange- "g-
10 ment of:a resistor 7d8 and capacitorp709,-is arranged '
to receive a voltage signal along line 500 through a
resistor 710 when electronic switch 308, again in the
form of a switching transistor, is switched on by a
'"power~up" Signal supplied to its base on line 317 from
15 = the LSI 316. The electronic switch 319 comprises a first
SWltchlng tranSistor 420 which supplies a voltage Signal
to the base of a further switching transistor 421, when -
the LSI 316.generates al;PROﬁrenable" signal'on line 318
and also'spitches power.to input y of the'PRoM. The voltage
20 signal applied to the base of transistor 421 Simultaneously
causes a signal to be applied to an enable input X of the
PROM 315 to enable the LSI,316 to address the PROM and’
read- out stored data. _ _
- A capacitor 424 counected between the lines 400 402

25 stores energy from the external power_source so that the



_The LSI dperation follows a program which proceeds in accordance with Cloié;;
pul ses froma clock circuit 422 20 suppl yi ng, sinmultaneously, two sets

cl ock pul ses at frequencies of- 0.5 MHz and 250 Hz. The reason for two sets

of clock pulses is that there is a wde variety of different timng

-wavefornms required in the LSI 316 and it is convenient to generate these
using the two significantly 25 different, base clock frequencies and
appropriate dividers. - 35 - The LSI pfovides a signal on an out put
termnal Gto enable the clock pulse rate to-be nonitored. In addition,

the LSI= preferably, as shown, has a setting input d provided with a switch
423 f 0w pr e3EPERE i RPTHHE San befuskd & AAIIRANBrERgaPPUEBaPEBPA LRI eshol d

1SSl or FO°HE RRENTALR Yhen BB, coeRAER ipein' stlohn gL, S07

again conpréges a Colpitt's.oscillator, the 10 two coils of the .LF
sensor being arranged in parallel with their nutual inductance opposing in

this exanple..The #3¢i bkek0515" RE :%%ré saam/ggegﬂ%eg RoSKE, €S

arrangenment of.a resistor 429, a e 430 and ano resistor 431

toget her copsidh WhdKné hendi BStngigetwordegiest e AROMatS0aEMRvE@COUPI i Ng
capaci.tors 432,433 which, * together with the series network 429-431, are
connected on output lines DO-D3 signals representative of the sets

)

_ bf.upper and lower limit values, stored in the PROM,
correqunding to the coin denominétioné associated Qith
the appropriate decoded address line AO—AS. The address
10 lines Ad-AS'are-respectively connected to the correqunding
| coin outpuf termid#ls J, K, L, M, N, and P. Address line
A6 is'conﬁected to términal Q. The PROM address signals
“and the output_signals-afé carried on the lines AO-26
at differené times. By using multiplex opérétion to carry
_15 the égveral,sets of data on lines AO-AS, the number of
. pins required on the LSI, and thereby also cost, is
RN reduced. | .
' _The_LSI'operaEion follows a program which proceeds
in éccqrdanCe Qith ciock.pulsés frém a clock circuit 422
20. supplying,.simultangously, two_séts of_clock pulseé at
frequencies of 0.5 MHz and 250 Hz. The reason for two
sets.of clock pulges is that tﬁere is a_wi&e Qariety of
different timing waveforms required in the LSI 316 and it
is convenient to generate tpese using the two significanﬁiy

25  Qgifferent, base clock frequencies and appropriate dividers.



hyeen on the one hand a swi t ched supply [ine 434 supplied fromlines 310 .
#S to receive the power-up vol fage when the LSl generates a power-up

al online 20 317, and on the other hand a negative voltage |ine 435
mhlch is-at the sane potentlal as negative voltage line 402. The emtter
circuit of the Colpitt's oscillator includes a variable resistance 436 and
fixed resistors 728 and 729 in conjuh%Qibn with inductance 730, to 25
enabl e the oscillation anplitude, mnth and Wi t-hout a coin - 36 - present

to ‘be s n_the nam.¢ ra d r U|try..The
OSC|IIaf?ﬁSL%ih deﬁ%aF F%gﬁlgirCU| 5¥§§£fggkﬂ3ng%p ifier 312 which as
shown take f I ;égleweﬁ bubhekovaase ewtput is fedsen
line 43 8 énééé%réﬁéﬂ %?%g gﬂgkéﬁﬂzthlng CI?CUIt 3?3 and also fed, via
capacit 98 #8fsn | OcKe dLEE \AEQQtf'e@:lab?l@J i {6 €6n4@Q;, haBCl eekmgngs a
zero-crossing det ect or, ich serves to control the operation of the

circuitigpet d\Spﬁdﬂ@MednwEtgurae swittdte 423t £byi presedestdiaghong 10
circuit 313 conprises two CMOS swi.tching devices 440,441 arranged in

i _pa5a|Iebfbtomohesfénénﬁ1arrumwhﬁﬁhpaIMMrhetbuﬁpbpldfIEN@lénﬁPFEr f ol | ower

buf fer 312, respective branches each connecting one of the branches 510, 511
to a ||nbe4an2r§¢msgt~a reference voltage and including a 15 further CMOS

_smntchlng deV|£§e4fgég§2f;;gﬂ2¥§§\qi£iIosc;llatory c1rcu1t 302

is similar to the two hlgh frequency oscillators (HF1
and HF2) and again comprlses a Colpltt's osc1llator, the .

10 th_coils_of the LF sensor being arranged in parallel

-y

with their mutual inductance opposing in this example.
The.oscillator transistor is provided with a'series_
arrangement of a res;stor 429, a diode 430 and another
.reSLStor 431. together constitutlng the biaslng network
15 311, and also two decouollng capac1tors 432,433 whlch,
together w1th the series network 429-431, are connected
between on the one hand a switched snpply line 434
supplied from lines 310 so'as'to receive the power-up
ﬁoitage‘when the Lsi generates a powereup'signal on line
20 317, and on the other hand a negatlve voltage line 435
which is at the same potential as negatlve voltage line
402. The emltter circuit of the Colpitt's osc;llator
inciudes a Qariable resistance;436 and fired.resistors
728 and 729 in conjunction with inductance 730, to

25 enable the oscillation amplitude, with and without a coin

| et e ct— e o ety oem— e e o



net wor ks 445, 446 for the two branches 510, 511, and én I ntegrating >

differential anplifier 447 whose inputs receive the output signals from N

these filter® networks. Figure 6 shows at (a) the sinusoidal output signal -/

from 20 the emtter-follower buffer circuit 312. The zero- crossing

det ector-439, whose output is gated to the four CMOS swi tchi.ng device

t hrough NOR gate 448 (Figure 4) so that hg controls these switching devices

only when receiving an enabling signal ona line 530 fromthe power- 25

up line 317, controls the CMOS switching devices in pairs  -37- 440, 442

and 441, 443%adnftaicol Be RRY Withiwl theyayRamet thagd gmltmn |ine 437

appear™at. the input te filtering network 445 while the negative half cycles

appear at tveliidapibnt eifrcutiexyng reheookcildfatihgs outigtalsignad of mem 5

are shown at X and Y, respectively, in Figure 6(c) and (d) while the

swit chi'ng vehmshditm30R2okst fed, dyp-amplifhgrddt@cwbdds ahaheim tRkese 6(b).

As shown in Figure 4, the filter networks 445,446 are RC filters whi ch each

produce an 8 OE 28y eMittaR vEQEISYRE Ruifery gt aWPut lfed to the

correspondi ng. i npyt, of e integrating.differentjal anpljfier, 447.. -The

i nt egraat i orf%(ﬁffg €3 é&c&ﬁd,tg’t%g’ée‘aglfg'ﬂ"f‘gr PRG \ﬂﬂ‘?‘%mﬁﬁé" % bei ng

a differenty i f i er uses the n Ltu of_ t he positli ﬂgg negati ve

i nputs to béeﬁac?gﬂe@;.aérsiot ST ﬁ%‘aar |§/§pQEQQQE q‘éé’ go m'é)l&é*é/& '

- amplifier 439, functioning as a zero-crossing detector, :
— | | |

which serves to control the operation of the circuit 313.

As shown in Figure 5, the rectifying and smoothing

10 Circuit 313 comprises two CMOS switching devices 440,441

-’

arianged in parﬁllel braqches 510,Sil supplied from the-
outout of the emittef-follower bu;fer.312, raspective
branches each c0nned£ing_one of the branches 510,511 to a
line 444 held at a reference voltage éhd including a

15 __further CMOS switching device 443,442, respective filter.
networks 445,446-fqr the two hrancﬁes'SIO,Sll, and an

o integrating @ifferentiai aﬁéiifier 447 whose inpu#s

receive the output signalé from these filter ne;worké.
figure 6 shbw$ at ‘(a)- fhe'siﬁusoidal output signal from

20 the emi#ﬁgr-folldwer buffer circuit 312. The zero-
'crossihg.deteétor 439, whose 6ﬁtpu£ is gated to the.
four CMOS switching.device through NOR gate 448 (Figure
4) so that it conﬁrols'these switching devices only when
receiving an enabling signal on a line 530 fﬁom the power-

25 up line 317, controls the CMOS sﬁitching devices in pairs
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produce a negative DC output voltage which -appears on out put
Is to be noted that as the anplifier 447 receives substanti al

l:i ne .
ly DC

ignals, it does not require a |large bandwi dth or a high slew rate.

0-crossi ng 20 detector 439 is a switching device having | ow power
tion and the CMOS devi ces 440- ? 3, which are energised only when the
p signal, applied on Iine 530 one input of NOR gate 448, is

ed by the LSI have negligi bl e power consunption. The use.

di fof et AP 444 edo 4 tsthgﬁggs‘i'tlve ha.»f?»g %){épés ngasur enent

y. 'Consider an input Vaver or m ving a conmponent

& HeO slik@anefd enigee saPppl ¥ppedbi atD@hbe\iQ{&d& l¢o bei pddLimat el y
ed at X and Y which-will give identical conponents of the 5

same ‘polntiwiorkand st heh as HHaNtegat pue haQl iy Xbd f eppadr adt attpd i fi er will

be zero.

The CMOS anal ogue switches 440-443. need not have zero ON

resi st aniggpud reee fitl Yesciory we’equrkea%hat Thies «O'$ k2 b twareefdoms t he f our
be simlar, which is inherent when, as is 10 dé)referred they are

devi ces

i negr atawe ishovme ate¥ ANd Yherespeetiveay rsviin dHEIER
- buffer

Iom/sou

{®e 3»flv i npedance

312 ensures that the filter netmork | EUtS alma S see a constant,

& “iddgathe a?’fff-‘%%’é? oY @VeRer®; £ <l zerd-crossing.

detector is shown in Figure 6(b). As shown in Figure 4,

the fllter networks 445,446 are RC filters which each

- produce an average DC level from waveforms X and Y which

10

15

‘20

25

is fed to the corresponding.input of the'integrating
differential amplifier 447. The integration provddes
a second stage of filtering while the effse ct of being a
differential amplifier causes tne megnltudes of the-
positive ard negatiﬁe inputs'to be added arithmetrically
to produce a negative-DC output ﬁoltage which aépears.on
cutput line 450. l- | |

It is to be noted that as’ the ampllfier 447
receives substantlally DC - 1nput s;gnals, it ooes not requlre
a-large bandwidth or a high Slew rate. The zero-cross;ng
detector 439 is a switchlng device having. low power
consumption and the CMOS devices 440- 443, which are'
energ1sed only when the power- p 51gnal, a__- ied on iine
530 to one 1nput of NOR gate 448 .1s generated by'the LSI -

have negligible power consumptlon.

The use of the d1fferent1a1 ampllfler 447 is important



- measurenent is always accurate. 15 Thus, the disclosed rectifying

and snmoothing circuit 313 provides a DC signal froman input sinusoidal @
waveform wi th very | ow power consunption. The same result would not be

‘achieved with a sinple diode rectifier because of the off-set voltage due

“to the forward voltage 20 drop of the diode and the tenperature

coefficient of that voltage. A precisiop,rectifier using two diodes and an

operational anplifier renmoves these sour s ‘of error but the operational

anplifier would require a gain bandw dth product of about 100 times the

oper at kng ff&qﬂgﬁgﬁrghe%t %%cur:@% X lgdhkillor 47 VHphtandve bzl slew

rate. \The circuitry . - described with reference to Figures 4, 5 and
6 renoves: tHiR,if 36@ ber otfffeee RSP RIRN T Se £ EPFe@ Neodtnat irelfealeniee power - up
signal generated by the LSI, the negative DC voltage signal on line 450 5

- (Figure-4) swpled ofhdsf rncstlebareﬂno.h.zlﬁa:@llabteryatelg gies esisiedc itng devi ce
. 453 and on a second branch, which incorporates a unity gain |nvert|ng
“anplifier 46ana & azhs-@dﬂond-]GN@-m x@mhgcﬂbvi)@ec@wobyn\ﬁéy f thene 456.

These CMOS switching devices are alternately switched 10 a common
digitat si ginfle PPLaFdFnt alniq‘nethﬂ'aﬁe%%t%\ﬁ-tEHEB“‘&OFF&ﬁ‘etFFom t he swi t chi ng
V10 453 Bl dLzenk 1" ) LS WEE' B LOBS! bl chBCUALIRATP! 1 1

swztches 440.443 need not have zero ON reSLStance
since it is only required that the ON reSLStance for
the four deVices be Similar, which is inherent when, as is
10 preferred, they are integrated in one deVice. The use N ' 3
;of four switches ahd.the low impedance buffer 312 ensﬁres
tha‘ the filter network inputs always see a'conStant;
low source impedance and thererore tne dirrerentval
measurement is always accurate. . .
15 ) Thus, the disclosed rectifying and snoothing
circuit 313 provxdes a DC signal from an input SinuSOidal
waveform With very low power consumption. The same result
would not be achieved Wlth a Simole diode rectifier
because of the . off—set voltage due to the forward voltage
20 drop of the diode and the temperature coefELCient of thar
voltage. A precisioh rectifier ﬁSipg two-diodes:and.an
operational amolifier removes these sources of error but
the_operational amplifier would require a gain bandwidth3
producr of about 100 times.the operating freqﬁency (i.e.

25 100 x 120 kHz = 12 MHz) and ‘a fast slew rate. The circuitry



whi ch generates an increasing or decreasing ranp out put vol t age

ndi ng upon t he algebraic sign of the 15 | nput vol tage signal. The
ranp signal is conpared in a voltage conparator 452 with -a reference

vol tage on the inverting input of the conmparator. This voltage is smntched
between val ues [err] by the output signal of the conparator 452 which is
fed back through a resistive 20 N8t war K conprising resistors 458,459. A
reference voltage V ref is provided on line 460 fron1an operatlonal

anplifie v qt in put bi ased Dover - up line 310
through% vgﬁjjtbra%e Vi d‘snégg‘.yn%t1é rg°c%ﬁﬁﬁr§ ng4ee aéfn T8 %tors 465.and
25 466 OnRG edhainean £ £ line 435 and the powver - - A0
up line 310. Capacitors 463 g gﬂ%hgge decoupllng capaC|tors The

reference vol t 3ge ahd idirfdfont e ERBCLRRMGRE MY #é}f‘eﬂaﬁ!é& crossing
0

detector 439, the voltages on the non-inverting |nputs

anplifier 5

451 and bBynttgr alsar, 4% rfﬁghtﬁeerbteﬁeﬂ(tag\é)l§la_ﬁfa][ esrt | Lixfee 4890 derived
fromthe reference voltage Vre. on |ine 460. Operation of the

volg age- (Ridureqéendys dmd/eant i agfEkstubradth W3 diovedielydeserd bed with
reference to. 10 Figure 7. The DC output voltage: fromthe rectifying and
snoo-

Y

10

15

20

25

PP Séflrt@mnaafewehﬁé ped on & meomul @rqrmm rffudtch
incorporates a unity gain lhvert;ng ampllfler 451, to a
second CMOS switching device 454 by way of line 456. i:;
These CMOS switching dev;ces are alternately sw1tched. |
‘by a common digital sxgnal on output llne 457. The
switched voltage fron the switching devzce 453 or'454
is fed to non—lnvertlng lnput of an 1ntecrat1ng amg lifier
472 which generates an lncreaSLng or decreaSLng ramp
output voltage dependzng upon the algebraic sign of the
input wvoltage signal.' 'Thehramp_signal is compared ln a
voltage comparator 452 with.afreference voltage'on the
inverting input of the comparator.: This.voltage is B
swztched between values +Vt and -V by the. output 51gnal
of the comparator 452 which is fed back through a. res;stlve
network compriszng resxstors 458, 459

A reference voltage v ref is prov1ded on line 460
.fron an operatlonal ampllfler 461 hav;ng its inverting
input biased from the power-up llne 310 through a voltage

divzdlng_network_compr151ng equal value resistors 465 ahd

466 connected betWeen the negative line 435 and the power-




vol tage t'o the vol tage-to-frequency converter 314, is denoted by -Vin (V -
ref on line. 460 is denoted as 0 volts). Consider tine to when the voltages;égj
on branches 455,456 15 at the inputs to the switching devices 453, 454 are” &
‘'shown in Figures 7(a) and 7(b), respectively. At this tine, the conparator
out put. signal appearing at the output of a NOR gate 470 has the negative
-value -V (Figure 7(e)) and this signal a@ppLi ed sinultaneously to control
inputs 20. of swtching devices 453,454 adnmits the voltage [err] to the
inverting input of integrating anplifier 472 while withholding the -V.
vol tage: FigprEeind Q1ehowapd®itdrs NREB WAkt Aga taxd eddupgimeg i ng
anpl i fér 472. This anplifier accordingly supplies at its output a ranp
vol t age 25 capasifiorsee Thguwefdtersehavilnggehenvdline [£44] thed RC, where RC
represents the effective resistive and capacitive val ues of - 41 - the
i nt egr at or BgPRremMre giRMkAge P f afee orerAregrasdnHU BeteckINhiRd, in a
vol tage conparator 452, with the thres- hold voltage, icq:a Lthis tinme
has the val ?-Yﬁ%t%ﬁﬁﬁi?ﬂi?Qﬁt%%nThVEPFFﬁﬁgiﬁ&ﬁ??ﬁu?%&hﬁ? tHeDut put ranp
vol tage 5 ual s, the refere vol t.a (at. gine [err],the output of
conparat or -ﬁgqﬂérﬁd&eq?%ﬁﬁ”f o‘\%?o Af hg§8 5?#35% %J%tewev ue’ [err]
(Figure 7(e r ' niy4 al @l a f line
ABE b & [é%?]éfil Sd%sﬂfb‘z?ﬁﬁ?%ﬁ £he! bY £b RS AU AU W 2%d hadn OF

Ty 460. ’ -

L%

Operation of the voltage-to-frequency converting
‘circuit 314 will now be described with reference to ' .
10 Figurg 7. The.DC output Goltage'from the rectifying a&d sSmoo-
thing. circuit 313 which is fed on_line'450 as the input
voltage to the voltage-toﬁf:eqﬁency converter 314, is
denoted by -V, (V ref on line 460 is denoied as 0 volts)..
Consider time t_ when the voltages on branches_455,456
iS at the inputs to the switching-deviées 453,454 are shown
in Figures 7(a)- and 7(b), respéétivély. At this time, |
the comparator output signal_aQPearihg,at the-output_of
a NOR gate 470 has the negative value Vo (Figure 7(e)) and
this gignal applied'simultanecusly té control inputs.
20 of _swiééhing devices 453,454 admits the voltage +vin'
to the inverting input of integrating amplifier 472 whilé
withholdihg the -V, voltage. Figure 7(c) shows the
‘input voltaée.to the inEegréting amplifier 472. Thisr
amplifier accordingly supplies a£ its output a ramp vqltage.
25 v, (see Figure 7(d)) having the value -V, t/RC, where RC

out’
_represents the effective resistive and capacitive values of

e ermcem——————— ———- ——- - - — - . .- .-'—-_—._._... « e am - [



Yuyyut vol tage of conparator 452 due to the resistive network 458, 459, has

s ef fect of changing the reference voltage on the inverting input of '
conparator 452 to [err] At the sane tinme, the new output of conparator
452 swi tches the devices 453,454 so that the voltage 15 applied to the
I nverting input of integrator 472 nogfg s_the value -V. This is indicated:
in Figure .7(c). The in integrator outgut voltage then rises steadily with
slope V/RC until (at time [err]) the integrator output voltage equals the
val ue [ wWhey, ClhgH § L,k C e e
I nt egr a'?g{é (}ut pl??ga%% né 'eborr'ggaabggml?:ngS?g%%%vo%{)ajg%Qé??e&v]\#I‘fi{e \__,
‘under st ondl,.cdnipR@ID) ein 4 hob1Lhge EBRpdrRabON gNAtyidle DOMeEREPsSignal “is
generated by the LSI) a pul sed voltage signal is generated on line 457 from
t he out hdldfvdiBRgsn) evHiOh waAtcBhpasegme AkeNEhD value@e-¥71l dppliwd LF
I nput ¢ of the LSI 316. It wll be - 42 - seen that th%.positlve and
negat i vets|thpesdnofext ting ntmpuyr ahdr wbhehpthev autmet arampropbtagenal to the
magni tude of Vin; Therefore, the frequency of the signal generated on |ine
4715 i s |ends Eher oppferemae veli:aeeaﬁvﬁlti tdde dfy )5 the neueprpRf si gnal

fromthe LF oscillating circuit 302. It is tqg be noted that the selected
.magni t udtPmparator 472 ‘changes from low to high so as to have a

I_y t he sanme potential as that of line 310. - The change 10 in the
\
t

new value +V, (Figure 7(3’). -V, is substantially the
same potential as tﬁat of line 435 while +Vx is substan- -

tially the same potential as that of line 310. The change

LY

10 .in the output voltagé of ¢omparator 452 -due to the _

resiétive'network 458,459) has the effect of changing the:
- reference voltage on the inverting input of'compafator 452

to”+Vt.' At the same time, the new output of comparator.
452 swiicﬁes the'deVicés.453,454 so that the voltage

15 applied to_the'inverting input of integrator 472 now -has
the value “Vine This_is indiéated.in Figure 7(c). The
integrator output voltage then rises.stéadily with slope- -' o
V/RC until (at time t,) the integrator output voltage
equals the valhe +V£, whereafter the circuit switqhes onée

20 more and'tﬁé'ihtegrator outéut again becomes a falling
rémp voltagé. Tt willlbe:ﬁﬁderstood, thérefofe,fthat
(for-the.duration that the péwer-up signai.is generated
by the LSI) a pulsed vcltaée'signal is generated on line
457.frdm_thé output of'NOR.gate 470 which pésses, élong

25 1line 471 to the LF input ¢ of the LSI 316. It will be



used as a common reference voltage for the rectifying and snoothing circuit
313, inverting anplifier 10 451, integrator 472 and conparator 452.
Suitably, the selected magnitude is-equal to approxi mately half the

"power -up" voltage on line 310 in order to keep the detecting circuitry

| i near throughout its dynamc range. It is also pointed out that the use of
t he sane input 15 vol tage (i.e. the'od@pﬁt voltage fromthe rectifying
and snoothing circuit 313) for. the positive and negative half cycles of

t he i nput.yvol (o] § .i.he_L.@teqr 4 éé?ggu ty e is no.
of f-s&d i ns?%}éa%ﬁ %\?[/ﬁ%r %ggéggsfgﬁaﬁgggkﬁﬁ’ﬁe; : Icﬁéo%r{]%r”\;/\iﬁs when

- the input ggﬁ%[ bS A rePot ildad If U mdtin i hedsi gnal on
line 471 iépﬁg%gqéiro [e?é%k??éiggﬁu?ther poi nt ed out thaiﬁqhe period of -
the LF siggalyon;!| iTweddfots, PERBOFirieqi@ncyt @1 &ilid sidnah genéxabeds
proportional tb®the power-up vol tage but since 25 [err] increases with
the power-gfa Ybhéadel (Vs Linpaeper propairtionaldZo the tamphkiprde @€ of the
low frequency oscillator output signal), the. output period.is

subst@nti athg ontpypensbanadf fram pdee LFUESEH Rl nEsREFEREF (302t he

function of the LSI is to process 5 ° the HF1, HFZ‘?nd LF,signaIs which it

~of the reference voltage Vre is not particularly signifi- cant as it is

of the refereﬁce voitage V#ef is not particularly signifi-

‘cant as it is used as a common reference voltage for the

rectifying "and smoothiﬂg circuit 313, invgrting amplifier

w’ s

10 451, inteérator 472 and comparator 452. Suitably, the
selected magnitude is equal to approximately half the
“pb&er*up" ;oltége on line 310 in order to keep the
déiecting circuitﬁy lineaxr th;oughout-its dynamic fange;
It is also pointed out that the use of the same input

15 voltage (i.e. the ouEput voltage from the rectifying and .
smoothing circuit 313) for. the positive and negative half
cycles of the input voitage waveform of the integrator 472
ensures that there is no off;set in the outpuﬁ_frequency
signal on line 471. 1In other words when the ihput

.20 voltage Vin is neaf zero, the frequency of the signal on }/.
line 471 is near zero tog,

Ig'is'further pointed out that the pgriod of
the LF signai on'liné 47l_is'pr090f£iona1_to Ve which in
' turn is proportional to the power-up voltaée but since

25 - Vin increases wigh the power-up voltage (Vin is proportiqnal



ptabl e coin of a recognised denom n- ation. |In the case of the HFl and -
: signal's, the LSI determnines the instantaneous frequencies in each case
10 by counting the nunber of tinmes the HF signal crosses a preset
threshold level [err] referred-to in the description of Figure 10) in a
predeterm ned clock interval. For %Ee LF signal,. the LSI counts the nunber
of clock pul ses generated by the Tl6ck circuit 422 during each cycle of the
15 LF sigrial and therefore neasures the. instantaneous period of the LF

signal. Jddeally, in.order 1o S I ] L Lty pE
t enper attf :&cenaaﬁ"é’&r}'é:r&ﬁ% i?(ée ?ﬁ%@?@ Q%%é‘%ﬁ%%ﬁ%%{tgg%ﬁ{é %% "E)t of t hereak
val ue of of e ‘20d shib SGUHY Sai Dy t hEaEER@SPONding |
idling: Isei el's )(_'i .ttgée'no _co‘f@noﬁbenrttﬁé g)%arri nation r-eg%)n of %e correspondi ng.
- Sensor) &Xigd HbwdistuplvdLedgeor after the peak |evel, and t hen conpares
the cal cul ated ratios against the sets of predeterm ned upper and | ower -
limt val ues r cxderitti@bly, ftlve fhacPROM cXl3:he ILShHrist toepréoess he HF1
and HF2 signals, - 44 - each peak count is not significantly different
fr@n t hetlial| RF valHR2 -sand]l SGF as $ghéalsi whilloh dlbseecpbyvesi amt Loputs f ul |

conpensation is obtained by conputing the differ-  ence between the peak and
idling fi,e@elg;yi.n,eﬁqgg_manner as to determine whether the coin

gééé, c in such manner as to'deternine'mhefher t he-coin under test is-an

under test is an acceptable coin of a recognised denomin—;
ation. In the case of the HF1l and HF2 signals, the LSI

determines the instantaneous frequencies in each case

'y

10 by counting the number of times the Hﬁ signal crosses a
preset threshold level (V_. referred to in_the description
of Figuré 10) in a predetérmined-clqck.intervai. For the .
LF signal,:the LSI counté'the_numbgf of clock pulses
'generatéd by the clOCk-ci:cuit 422 during each cycle of the
15 LF signal and therefo}e measures the instantaneous period
of the LF signaig- |
| Ideally} in order to compénéaﬁe for the'effect
of drift, temperature changé-énd like factors, the LSI
égmputes the'ratis of the peak value of each of the HFl,
20 HF2 and LF counts to Ehe corresponding idling levels (i.e.
no cdin in the exaﬁination region of the corresponding.
sensér)'existing just prior to or after the péak level,
and then comé&res.the.calculated ratios against the set;
of predetermined.upper and lower limit values read-out’

25  from the PROM.315, ‘In practice, for the HF1 and HF2 signals, .



5 - However, the attenuated peak LF anplitude.for sonme coin denom nations
I's very nmuch smaller than the idle value and so the LSt
conpute a quotient value in the case of the LF count.
on line 471.is a square 10

oscillatory circuit 302. |In order tomaswe accurately the peak

attenuation of the coin noving past the LF sensor,

made by the LSI 15 shoul'd preferably not |last nore than 2.5 ns.
Ther ef ore, feacH.pdLékaocmmmeyis heot npugnfirfdeqearTtcly wibiidf fle hane foobetHO0 kHz
m ni mkx To minimse the effect of integrator bandwi dth and signal =~
propagat i on Hdleaywalrourmdtse soapdficdentiy cluseerppdorimahionF i nput

si gnal

to the 20

chosen to be 2

nd a 512 kHz cl ock i.s,.gated for each period to give
naxinum(xnnﬁnfémgékﬁﬁ?% 13 %195%Fi88§ oo QHSH?ﬂHﬁ?@¥igaiﬁﬁfrespgnds

the 25

-coin dé%o

_

" -15

10

20

25

enuat1 on.

and so the Léi_is programmed to compute_a guotient value

" in the case of the LF count.

The LF output signal oﬁ line 471 is a square
wave df'substantially 1:1 mark ratio and its freqﬁencf
varies in accordance with the magnitude of oscillation -
of the LF oscillatoﬁy circuit 302. In order to measure

accurately the peak attenuation of the coin moving past

~the LF sensor, each measurement sampleé made by the LSI

should preferably not last more than 2.5 ms. Therefore,

for 0.1% accuracy the input frequency would have to be

' 400 kHz min;mum. To minimise fhe éffect 6f intégrator
- bandwidth and signal propagétion'delay through the

comparator 452, the period of the LF input signal to the

LSI rather than the input frequency is measured, as
already indicated. In a préct;cal_exampie, the maximum
period has been chosen to be 2'ms and a 512 kHz clock is
géted £or'eacb.period tq givé a maximum count of 1024 in
that period. This maximum period éorresponds to the

minimum oscillator amplitudé which corresponds to the

LSI rather than the input frequency i's neasured, as
al ready inditatBdl sPepensrtienl 1exehpfadnath o eGemRRT bogi baehdsfheEn

I's progranmed to

The LF out put signal
wave of substantially 1:1 mark ratio and its
frequency varies in accordance with the magnitude of oscillation of the LF

each neasurenent sanpl e

a
to

BANVEEC NS e QRLELUIBLUN ol SHALORPAIS LR LR coin?® o

m nation gfving Trse

rati o comput ggh fyid s

8:1 attenuation ratio

duk 1§ 6DPSeRULR ¥ndd vad WiatCehe TRISUGEEERL for an



The m ni num period, -corresponding to no coin 5 present, is - .
fore 0.25 ns. This "idle" period is neasured over 8 successive period
—Tncrease the resolu- tion and can be neasured either before the coin is-
present or after the coin has left the neasurenent field. After the
measur enent, - the LSl 316 has two.ten,bit binary nunbers 10 in store _
corresponding to two input periods. he first binary nunber (idle) is a
count of the total pul ses generated during eight successive idle periods.
The secoadihefemohihbbpoy ghivher (fiesk)td slee chiighest theemarskdom.nunber of
cl ocked "pul ses generated during any single input 15 period existing ..
bet ween Fhe peakved-idlle HFatdopmompuked Hie ti8e pEELf 4snchoEenbkRary o
division. (Peak/idle) x 512 = nornalized peak The normalized peak s a nine
bit bi naByvauRbErltorratpoRsrsynerantte Ta% abi bnabkepRatiaPnTakdoi s
conpared 20  in. the, LSl mﬁth-se%f of upper qu I0£er limt values read out
from t heSPROM > PLREBYURGPRE LS e FYHFRS R BN FPul® G§P*Phe. power - on
vol tage, _t ]2 frequ . theyval ug " Lo _tshe_i nt egrat or
theggainpggs?ﬁé’r%%%F %?%gogﬁd%2§gfxgkno?ﬁfﬁ% c??g%ifggkgogngsthe absol ute

anpl i t Udﬁe9£u££@ dFer s-s&ég_-eSQ&Q)é 't;?étzﬁrecyc}sciésuihcz%gas@gtﬁet rakbegt the

normal i zed peak val ue providing tha ow frequency detecting circuitry

. tion and can be measured either before the coin is present
X . _ X

or after the coin has left the measurement field. After _ ;J .

the measurement, the LSI 316 has two ten bit binary numbers

10 in store corresponding to two input:periods; The first

.

binary number (idle) is a count of the totéllpulseé_
generatéd during.éight suécessive idlé periodé. .The second
ten bit binary number (péak).is a count of the maximum
nu@bé:'of_clpcked pulses generated during-any single input
15 period existing between‘HFi arrival and HF2 depa;ture; The
- LSI pérforms the binary division. | |
. (Peak/idle) x 512 = normalizéd peak
Thg.normalizea peak is a niné bit binary number f ' QL.
correspondihg to.the attenuation 6f thé coin énd is cdmpared_ '
20  in. the LSIiwith-seﬁs:df uppéf and lower limit values read
out from the PROM 315. |
It is to be noted that the magnitude of the
power-on volt&gé, the 512 kiiz cléck frequency, the values
of RC in the integr&tor, the'éain.of Fhe rectifying.énd

25 smoothing circuit 313 and the absolute amplitﬁde'of the LF



wi || now be described, particular reference being made to Figure 8 which
shoWws the several steps (800-842) perfornmed by the LSI. - It is assuned
that the validation apparatus is switched off. and no coin is present
‘anywhere in.it. The 10 apparatus is then switched on. |In the follow ng
description, to facilitate an understandi g of the operation of the LSI, a:
sinmple node of handling the HF1 HF2 and LF input signals to the LSI wll be
descri-bed although, in practice, nore sophisticated techniques mght 15

‘be adopted, oscdklakanyl iravdlti AP 1o 1ot yhfecbnthenrozpeligedh@eatnner
~descri*wéd above. Step.8Q0: The LSI resets all registers, latches, tinmers
"and sequenc&AVe@TeViFiag1 thR AR 19 ERSANPREY 296 REE LIPS FAREHISEY to
all ow the HEL oscil.latory circuit sufficient tine to settle down-into a
.reqgul ar OScﬂhsa%i%%ngﬁgdé?ﬁgf4%$‘its st andby 25 or idling node. - 47 -

has a |inear response. (Operation of the entire coin checking apparatus 5

Step 802: Operation of the entire coin checking apparatus
5 wii} now be describéd; particulaﬁ réference beiné made to
'Figuré 8 which'shows'the'éévéral'steps (860-842) performed -
1 by the LSI. . |
(NI It is assumed that the validation apparatus is

s&itched 6ff and no coin is present anywhere in it. The .
10 apparatus is .then switchéd on. In the following
descriptign, to facilitate an understanding of the
opef;tion of the Lsi, a simple mode of handling the EFl, ' e
HF2 and LF ihput.éignalé_£o the LSI Qill be described .
_althopgﬁ; in éractiée, more sophisficated technicues might
15 be adopted,. for example handling'thé LF signal on line 471

in the manner described above.:

Thg-LSI re;ets all fegiétérs, latches, timers
and sequencers. o
20 | |
A délay,'for example Zssfﬁs,_is timed out to allow
the HF1 osciilatory.circuit sufficient time té settle
down into a réguLafloécil;a£ioh frédﬁénéy in its standby

-+ 25 or idling mode.



the HF1 idle count is accunulated by the LSI. Step 803: In the nanher.
i bed above, the LSI repetitively accunmul ates a count corresponding to

10(d).) in a predeternmined clock interval. In respect of each count the LS|
conputes [err] which is equal to the HF1 10 count mnus the HF1 idle
count accunul ated at step 802. St&p 804: Each conputed value [err] is
conpared with [err] (equal to a count corresponding to HF1T (see Figure
10(a)). $Pep BbhHUS the HF1 idle count and if the [err] count is not greater
than th8TARFIT count the LSI returns to repeat step 803 in respect of the
next HF1 counfextlf thBorPIEeidllehedrit |is cacatimetatedsbyh8hAHEST .countws
the LSI- proceeds to step 805. It will be appreciated that step 804 is 20
searching in effect for coin arrival. It should be noted in particular
that prior to the detection of coin arrival, the electronic swtches 316
and 308Sgee_88Btched of f because there is.no power-up si gnal generated by

the LSl on line 317 and so the LF and. HF2 OSCI|Lat£ # C|rc% Es i 302 and
30§ are de-enefdi 5BE. Mapnes demgihed RPOPROVFNS LEfa5rRE SFINEr Ygener at ed

Pt o ok EhEeEhe, i, AT T R
the oscillatot signal crosses the V., threshold (Figure
10(d)) in a_predetermined clock_lnterval; ‘In respect of
each count the LSI_computes AﬁFl which is equal to the HF1

10 count minus the HFl idle count accumulated at step 802.
Step_804: |

Eech-computed vaiue AHFl'is compared with AHFiT

(equal to a count corresoonding to HFlT ISee Ficure lb(a))

15 minus the HF1l idle count and if the AHF1l count ls not
greater than the AHFlT count the LSI returns to repeat
step 803 1n respect of the next HFl count. If, however, )
the AHF1 count exceeds the AHFlT count, the LsI proceeds | - L/'h'
to step 805. "It will be appreclated that step 804 is

20 searching in effect for coin arrival. It should be noted
in particular that prlor to the detectron of coin arrival,
the electronic sw1tches 316 and 308 are swltched off
because there is no power-up signal generated by the LSI
.on 1ine 317 and so the LF and HF2 oscillatory circuits

25 302 and 301 are de—energised.. Also, there is no "PROM-

fAiunber of tines the oscillator signal crosses the VIH threshold (Figure-



required=to maintain the HF1 oscillator on standby and to 5 energi se the
LSI. This total current would typically be | ess than-about 1mA at 5 vol t's/™
Step 805: The LSl sets the power-up |atch which has the 10 ef fect of
generating a power-up signal on line.317 so as to supply the HF1 oscillator
with full power and so as also to ener%lse the LF and HF2 circuits. The
program t hen proceeds simultaneously o step 806, for the HF1 signal, and
to step 826, for the LF and HF2 signals. 15 * Step 806: An HF1 tinmer, set
to time-out endbReedsighalngenerateid Bl (AR USIi B1ENGA €xABPBER, and
started. The purpose of the HFl tinmer will be explained bel ow. 20 Step
807: Each ssocehelveoﬁeanb isodiei- drie xietdkd da bgal nsThekefbirgheshel err]

val ue recetved since coin arrival was detected-and if the current val ue
exceeds t heoplivEvusent2ghichotisd dumvn VvEtemR, thdepowereapuseent si hat

substituted as the_new peak val ue. - 49 - Steo 808: A deternination is
made as to WRELAERAchehmpdptpisofite HF1 oscillator on standby and to
5 energise the LSI. This total current would'typically be

less than about lma at 5 volts.

The LéI sets'the power-up latch which has the
10 effect of generating a power-up signa; on line 317 so as.
to suppiy the HF1 oscillator with full power and so as
.also to energise the LF and HF2 circuits. The program
then proceeds simuitaneously to-'step 806, for the H?l
signal, and to step 826,-for the iF‘and HEF2 signals..
15 o |
§§§°-§Q§o
An HF1 timer, set to time-out. a predetermined
N - period (256 ms in thls example), is started The purpose
| of the HFl timer w111 be explalned below.
20
Step_802:
'Bach successive AH:l count is checked against the
hlghest AHFI value received 51nce coin arrlval was o
detected,and 1f the current value exceeds the previously

25 noted peak value, the current count is substltuted as the

new peak value.



ads the [err] ~count. |f so, the program proceeds to step 809 but if .,
HF1 departure is detected) .5 t he program proceeds to step 810.
If the HFL tiner is tinmed out, the program proceeds to step 811.

' , It returns to step 808 10 to repeat step 808 in respect of t he
next [err] count The HF1 tined period, 256 ms, is chosen such that,. for
al1 acceptabl e coins, HF1 departure wi |l have been detected within the HF1
timed period. However, it is concef%able that factors such as HF1 idle
drift, when the apparatus is 15 not bei ng used by a custoner m ght have
caused t e N igh gi:dl e count to have risen above the [err] threshol'd. Thus
the LSI woul'd érroneously detect coin arrival -and, in addition, no HF 1soy
departure woul d Ab@edrizeciractt i odNLermadehasondi hakhe reaehi BHRAt chbantt he
‘HF1 timer the resetting 20 of the LSI could not take place. However, in
t he unusustceddsntthef AHRITHRIourdt e cDAinsoy i shegpt-Og&laﬂNprbh:eeHElT thres-
hol d, after the 256 ns del ay- the program proceeds to step 811. 25 Step
811: tFtaPSRHPRY dife nfunti i e. sHBl edepSroprells Abkephsdﬁeglsters

| at ches, tinmers- and sequences
S5 the program pProceeds to step 810

If the HPl timer is timed out , the program _ .

proceeds to step 811, Otherwise,.it returns to step 808

FYY RS

10 to repeat step 808 in respect of the next AHF1 count.
The HFl timed period, 256 ms, is chosen.such that, for ’
all acceptable coins, HF1 departure will have been detectad
.witnin tne HF1l timed period However, it is conceivanle
that factors such as HF1 idle drift, when the apparatus is

15 not being used by a customer might have caused the AHF1
idle count to have risen above the AHFIT threshold. Thus
the LSI. would erroneously detect coin arrival and, in
addition, no HF1 departure would be detected._'Under such
conditions, were it not for the HFl timer the resetting-

20 of the LSI could not take place. However, in the unusual’
event of the HF1 idle count rising to above the HFIT thres—
hold, after the 256 ms delay the program proceecs to
step 811. |

25 'Step 811:.



5

. afeéreset, and the ‘programreturns to step 803 to re- conmence

searching for arrival of another coin. Under nornal circunstances, the
program proceeds fromstep 808 directly to step 810. 10 Step 810: The H
Is reset. Step 813: The peak [err] count determined in step 807 is
conpared with the several sets of HF1 upper and lower limt values stored
in the PROM to determi ne whether the pgak count |ies between the upper and
limt values of one of the recognised denom nations. 20 St ep 826:
Reverting to the LF and HF2 signals, t he program del ays for a preset

timer

| ower

peri od, for exanpl® BewnHFlpdf

Be S Btte i 79t t aneously fo steps

814( LK) and 815(HF2). This delay allows transients in the LF and HF2
"oscillations 25 to die away before the LF and HF2 neasurenents are take
- 51 --Steps%% :8I9¢ LF count corresponding to the nunber of clocked pul ses

counted in &ach-cycle of the LF signal

816:

10

15

20

25

All the registers, latches, timers and sequences

are reset, and the program returns to step 803 to re-

commence searching for arrival of another coin. Under

normal circumstances, the program proceeds from step 808

directly to step 810.

— ot b e s

The HF1 timer is reset.

'Step 813:

The peak AHP1l count determined in step 807 is
compared with the several sets of HF1 ﬁpper and lower
limit values stored in the PROM, to determine whether the
peak count lies betﬁeen the upper and lower limit values

of one of the recognised denominations.

Reverting to the LF and HF2 signals, the prdgram
delays for a'presét periocd, for example 32 ms, before
proceeding simultanéously to-sEepsH814(LF) and'BIS(H?Z)._
This Gelay allow§ transients in the LF and HF2 oscillations

to die away before the LF and HF2 measurements are taken.

o —— B s ot i e - —————— D e T

&

n.

Is repetitively accunulated. 5 Step.



A search is made for the peak LF count of the several counts received, 10 .
. ‘éw 815: The HF2 idle count is accunulated. Step 817: The LSI repetitively
;ﬁ% | ates the HF2 count 15 corresponding to the nunber of tinmes the HF2
gwal crosses a predeterm ned threshold level i-n a clocked interval and:
cal cul ates for.each HF2 count thealue [err] which is equal to the HF2
count - mnus the HF2 idle count. 20 Step 818: The LSI stores the | argest of
the several HF2 counts as the peak count. - 52 - Step 819: The LS
sear chegtl@r gigansition fromthe [err] count being greater than [err] to _
the [err] counf being | ess than AHF2T. If the transition condition is not 5
satisfied the Pheglamaamink nsotpespondifdotandhdlfurberorRif ISR chi Y
for peak LF and HF2 counts. When the transition condition is satisfied -
(i.e. HPRlgeparPundrd tine erdhyreayepeocefetBesLFulsigmadusisy to steps 820 and

821. 10 Step 820: - .
: repetitively accumulated. - )

Step 816:

—

A search is made for the peak LF count of the

“

several counts received. ' ' _ ' N

10 Step_815:

The HF2 idle count is agcumulated..

Step 817:
The LSI repetitively accumulates the HF2 count
- X5 correéponding to the number o?,times the HF2 signéi
crosses a gredétermingd thfeshold 1e§e1 in a clocked |
interval and caldulates for each HF2 .count the valﬁé_
AHF2 which is equal to the Hfz count minus'thé HFZIidle N
count. | .. |
20 -
| - Step_818:
The LSI.stores the largest of the several HF2 I

- counts as the peak count.



The-[err{ peak count is conpared with the [err] upper and lower limts for
the different coin denom nations read-out from the PROMto see whether t} @8
HF2 peak |ies between the linit values for any one of the recognised 15 ‘~‘
denomi nations. The LSI accunul ates the LF idle count. In this regard, it I's *
pointed out that for the HFl and HF2 20 measurenents, it i s necessary to
accunmul ate the idle value before the spifA has arrived in the ‘exam nation
region because the idle value is needed in the conputations which take

- pl ace when the coinis in the examnation region. In the case of LF

however, -ig ratio of LF peak to LF 25 idle which is measured and
therekpre r%mrT % value can be . - 53 - neasured before or after the coin

is in the exam nagieHN.$B0s@archeB Ebixs tesadiltd on tframfohadaEP2be nore
convenient to neasure LF idle after the coin has left the exam nation

regi on. 5 &ept IAindhgreésSterohbaneHFRMTe toaithe HHEheco¥npebringunt

- determned at step 816 to the LF idle count determ ned at step 821. 10 Step
823+ less than AHF2T. If the transition condition is not

5 satisfied the program returns to steps 816 and 818 to
continue searchiﬁé for peak_L? and HF2 counts. When the
transition coﬁdition is satisfied (i.e. HF2 departure),
the program prbceeds simultaneously to steps 820 and 821.

10  Step_820Q: o o _ o 3

The AHFZ peak count is connared with the AHF2

.—_

unoer and lower limits for the different coin denominat ions
read-out from ‘the PROM to see whether the HF2 peak lies
between the limit values for any one of the recognised ',

15 denominations.

. The LSI accumulates the LF idle count. In this
regard, it is pointed out that for the HF1 and HF2.

20 measurements, it is nécessary to aécumulate the idle value
before the coin has arrived in the examination region
because the idle value is needed in the cqﬁputations which
take-place-when the coin is in the examination region. 1In
the case of LF; however, it is the ratio of LF peak to LF

© 25 idle-which is measured and therefore the idle value can be



The LSI conpares the conputed LF ratio with the upper and lower LF ratio
' - values for the different coin denom nations read out fromthe PROM .
carriesout a validity check to see whether the HF1,

|
ep 824: The LSI
and LF tests carried out

same denonination for the coin 20

accept abl e,

SteD 825: 25

otherwise it is not.

in steps 813, 820 and 823 each indicate the

under test; |If so, the coinis
_T@g program then proceeds .
simul taneously to steps 812 and 8257 Step 812 has al ready been descri bed. .
- The LSI outputs the result of the validity check
carri ed gidasairest ¢&p ¥ or aftdr- theveoyni Apodnarthef extamimagficrhe o~
descri bed coin validity checkin
means tha@gﬂmm-onmplﬁhﬁ#i%%@mnge

appar at us

s that the use of the PROViwr

whitEhiae&@yndo tise hepare rep coaygmiiend t he

apparatus to the coin sets of different 5

-

data st ort&d

‘coyntries is to change the

mesre BROMGER oF BERE| FheREPR: PAS (6 56 Fhee XAMIRALEFS shown

in a tinme pl.ot the change in various signals and currents in the validation
circuitry®9®%ures 9(a) and 9(¢) show 10 -
freguencies of the HFl and HF2 . :

10

Step

—— —

determined at step 816 to the LF idle count determined at

step

_822:

*»

the variation in the

The 'LSI computes the ratio of the LF .peak count

821f'

The LSI compares the computed LF ratio with the

upper and lower LF;ratioxlimit values for the different

-t

coin denominations read out from the PROM.

15

20

25

the HF1, HF2 and LF tests carried out in steps 813, 820

The LSI carries out a validity check to see whether

- and 823 each indicate the same denomination for the coin

under-ﬁestz If so, the'coin is acceptable,_otherwise_it,

'is not. Thé-program,then proceeds

simuitanequsly'to

steps 812 and 825. Step 812 has already been described.

Step

——ane b

carr

825:

The LSI outputs the result of the validity check

ied out at step 824.

e



oscid | ator output signals while Figure 9(b) represents the anplitude of the
LF aseill.ator output signal. Figure 9(d) shows the total current drawn by =
the HF1 oscillator and the LSI. This current changes froman 15 idlinqg§§§.
level, following the HF1T threshol d being reached, to a higher |evel whic '
-lasts until shortly after the HF2 frequency falls bel ow the HF2T :
.threshold, after which the HF1 oscillator returns to idling again. As the
‘danpi ng ef fect of even the nost attentafrve coin is snall at the. 20 time
~of sensing.HF1 arrival, the idling HF1 power consunp- tion can be very

smal |, .e.g. .l ess than about 1 mA at 5 volts.- The LF and HF2 oscillators
are engsgised for PheexyE rigoEtdmat féleutElodsehkl de@icdibe@eiddin ng on

full power. This is shown.in Figure 9(e). The total current 25 drawn by
t he val i dat ivalidityuicheckding mpparatus nbs(fhakt the usgs of fshemRARKM t he
PROM i s energised) is -about 15 mA at 5 volts. Figure 9(f) shows that the
"PROM i s enerfiaisd thati fgea nlwimedi figatborngbieh Reads] 19 fe madeues, and.

during second and, third periods, follow ng HF2 departure, }o enable 5
firstly the %—’2 %ﬁ@tﬁﬁ\gn tf‘("r‘?e 3RPITHFEs bPuLRe £Bipe S_Ieé:asdp%&l e

PROM . JThe total, current .drawn by the valid-_ation cirguitry is relatively. -
hi gh ats. abocu‘{%ﬁ'fgoﬁ%ﬁ\tg)t %Lvnoq?s&vﬁiagk?hggbﬁagl ﬁ‘é‘ g:lr#’eer gfl\ﬁsdéﬁ but the
t hree pericxg%égyaﬂyglwhiqh the PROMis energised for each coin

ixf "Referring to Figure 9, there is shown in a
time plot the change in various signals and cﬁrrents'
in the validation circuitry. Figures 9(a) and 9(c) show
10 the variation in the frequencies of the HF1l and HF2
oscillator output signals while.Figure 9(b) repressnts
the amplitude of the LF oséillator outp&t #ignal.'
Eigure 9(§) sﬁé&sufhe toéal Cufreht drawn by the HF1
oscillator and the LéI.; fhis current changes from an
15 'idliﬁg iével, folloﬁing the HF1T threshpld being reached,
to a higher levél which lasts;untiifshortly'afﬁer the HF2
S~j fréquéncy féllé'bélbw the'HfZT thresﬂold, after thch.the

 HF1 oscillator returns to idling again. As the damping

'effecﬁ of even the.most attenu#tive coin issmdj.at the

20 time 6f sensing'H?l érrival, the idling HF1l power consum§~
tion can be Qery small,-e.g. less than about 1 mA at; |
5 volts. The.LF and HF2 oéciilators are énéngised for the
same time that the HFl.oscillator.is Operéting on full
power. . fhis'is shown in Fiéure 9(e). The total current

25 drawn by the validation circuitry during this‘time'(apart



can be chosen to be just |ong enough for the required readi ng-out of ,
\ values so as to minimse the total tinme for which the PROMis

i sed. The stated power consunption figures for the PROM apply to

Pipof ar PROMS which are chosen for cheapness. CMOS PROVS are available is
with | ower -power consunption but currently their cost is so high as to make
them unsuitable. Figure 9(g) shawsdyaw the total current drawn . (full

line) varies with tinme. The dashed line indicates a typical val ue (bel ow
2mA at .5 volts) for the average current consunmed. O course, the 20 val ue
wi il depeith A e HBaRdM s SERBEGLISAN) NSLTIAAI Of s SHECEESE VEoFRLNS 1AL 0
the coin checking apparatus. It s “be hoted W th reference © |gu&a¢4
that exceiyusshan(f) phiess Whst GERE PROM q@(‘éﬁfé@ylﬁé& &kinghg guiputs of
the NOR gates 448,470 and 506 25 are held at logical "O This renders”

t he cir@atind to -erbfble ddvesHF Baliof teaall wgat £ amp&ﬁﬂlthseébﬂdEby
reduci.ng power consunption, and-ensures that any spurious signals at the.

ot her i A% $hdfrd pexi R gfekbowingi HERS departute, the easklef known coin

checking_dpparatus in which'5 - all the electronic circuitry.is
perfranent} erfies dtF 2 1and t"tﬁ%‘ll eher &8t 1dmddh wlies i okohanpeadbe as |
shown in theffchal R- d?’i“ﬁg %giéoggavle)éu&_%heref o;éawntgg gﬁesc‘rrla]t.)féj_ appar at us :

_ S|gn|f|(ﬁﬂﬁ

ation circuitry 1s relatively hlgh at about 50-150 mA
at 5 volts while the_PROM.ls energlsed but the three A

periods during which the PROM is energised for each coin ..

-l

10 - can be chosen to be just long enough_for_the required
| readinc—out of limit.values so as to.minimise the total
time for whlch the PROM lS energlsed | The stated power
consumotlon figures for the PROM apply to bloolar PROMS
whlcn are cnosen for cheapness. CMOS PROMS are avallable
15 with lower power cousumptlon but currently thelr cost
is so hlgh as to make them unsultable. Plgure 9(3) shows
how the total current drawn Afull llnej varies with tlme.
The dashed line 1nd1cates a typlcal value (below 2mA at
5 volts) for the_average ourrent consumed. Of course, the -
.20 _value will depend on the mean ‘time separating insertlon of
successive c01ns into the coin checking apparatus.
It should be noted with reference to Flgure 4,
that except when a power-up slgnal is produced by
'. the lSl, the outputs of the NOR gates 448,470 and'SOG

25 are neld at logioal "o". ?His renders the circuitry



kept to a minimum thereby. minimsing cost and increasing reliability. B
way of exanple each upper or lower limt value associated with each test
(HF1, LF or HF2) for each 15 recogni sed coin denomnation is a 9 bit :
nunmber which i's stored in a PROM of TH$ ki nd which is organised with 4 bit
data words. Therefore, to read out a 9 bit nunber fromthe PROM it is
necessary to use three separate addresses.for. the,P T fore, in this
exanpl e, fofoHT ena"QCPfS %%ﬁﬂ? d???%%‘éé&?%ag’a‘éﬁar gpﬁggggparb%@%’fﬂ ecogni si ng
six diidere i Lnatio BOM I SSRES | : a¥£adi ng
out- t he HF18+“{ér;r€t&va ues %36%%0%§§g?ve bﬁrggt §n9§| nce %ﬁ%ﬂ%ﬁ&@
requires thgeepdB@nsesipdes hgeetnbset NOR! HEkLS (@uDEImeNEedtoiws) for
each of the six coin 25 denom nations. The PROM coul d be organi sed so
that 1 mcro-. ‘IfbAhsecasd 68 kaauwhr edifocheak!ing appaxatiheriad orfei¢ine
total tinme for which the PROM woul d need to be energised to read out al

the |i%it vallieshd mladferonieeciirCabkent isepesmaneindI ehexrdPesed the

m cr oseconds equal s 108 m croseconds. By 5 addressing the PROMin this
way, it wiltobal arrenttdsavhavorhé SefeexaBRiGmBE BF tHEPYWRAM orP%ver age

‘is extrenmely smal|. ; :
e ghain-éotted Yine. Clearly, therefore, the described

tion-and ‘therefore lends itself particularly for use in 10 applications
such as .pay-tel ephones. Alsoy the circuitry external to the LSl has been£§%§>

kY
:

'i,/ ; épparatus significahtly reduces the average power consump-
tion and therefore lends itself particularly for use in
10 applicatibns such as pay-telephones. Also, the circuitry
external to the LSI has been kept to a minimum, thereby.
minimising dost'and increasing reliability.
By way of example each upgef or lower limit value
aésoéiatgd with each test (H?l,'LF or HfZ)-for each
15 recognised coin denomination is a 9 bit number yhich is
- stored in a PROM of the kind which is organised with 4 bit
data wérqs. Therefore, to read out é Ssbit number from
~the PROM, it is neceésafy tb'use three éeparate addresses
for the PROM. Therefore; in this example, for a coin
- 20 validity checking ﬁpparatﬁs capable of recognising six
differen: coin denominations, the PROM-could be-energised-
fér reading cut'thelHFl limit wvalues in 36 successive bursts,
since eacﬁ.numbéf requires.three'addresges and there are
two limits (ﬁpper and ioweri for each of the six éoin

25 denominations. 'The PROM could be organised so that 1 micro-

LT



It should al so be noted that the circuitry allows .tinme periods TLF (Figure,
9(k) end [err] (Figure 9(c)) between 10 in each case swi tching-on the
LFL&y) HF2 oscillator and the time when the coin enters the examnation

y of the sensot LF-or HF2. These periods allow the LF and HF2
osciTlators adequate tine to settlg down to a constant idling frequency and .
anplitude after switch-on. 15 Reference will now be nade to Figure
10. for a fuller understanding of the significance of powering-up the HF
‘oscil l'a{diong WSS EQGET 83RANGRA A JUth iAo AndiRhops e -
variation intrequency wth tine of the HFI oscillator. [err] is the tine
at Whi i EdiOivh { ¢S R9 PROMAKOH 1D rid¥EAsbeli dhetitsedctod | péady o
magnetic field so as to cause the frequency to increase and the signal

anpl it usiet tad Wetreeakimit Avaluee [fonr [the tthede atiffeyest ghasts ggewed  t he
HFL1T threshold and the HF1 oscillator is accordingly powered-up, as '
descri Beel Zibo\as xl'hle nienosacynds emiajiall teapirEctecordki mBY val ue at
time [err and t ' 58 - falls away again to pass below {he HF1T:

t.h? eshot rmaﬁw PROM; Lre thds Wavhe I WigkkiPe 2BPTESL2YPE ched back to
t dl t at F 10(.b show th t put | | at 5

i gnal BTt res BT BT e aHReH ﬁgeg%%c%vgeqr?wméﬁ’%u 8 oREERBRR ront of

. t he flrst ffd second-aspects. of the '

It should also be noted that the circuitry allows ;:3"
time periods T p (Figure 9(En-and'THFz'(Figure 9 (c)) between

10 in each case switching-on the LF or HF2 oscillator and the

e

time when the coin enters the examinatién region of the
sensor LF or HF2. These periods allow the LF and EF2
_oscillators adequate time to settle down to 2 coﬁstant'
.idling frequency aﬁd amplitude after switch-on.
15 Reference will now be made to Figure 10 for a
fuller uﬁderstanding of the signifigance of poweriné-up ..
the HF1l oscillator.- Figure 10(5)'c6rres§onds.to Figu;e
9(a) and shows the variation in frequency with time of the (o
HF1 oscillatof. .tI is the time at which the coin just |
20 starts to 1nteract with the oscxllatlng magnetic fleld
so as to cause the frequency to increase and the 'signal
aﬁplitude to decrease. At time tII' thé frequeﬁcy signal
. reaches the HFlT:threshoid and the HF1 oscillator is

accordingly powered-up, as described above. The frequency

25 signal reaches its maximum . value at tlme trir and then

e c——————— e S

—————— e —



invention referred to above because it is continuously energised at |ower
(Figure F0(b) and hi gher (Flgure 10(c)) levels of power, but which operates

at a frequency 10 - corresponding to that of the HF1 and HF2 oscillators. ,,;
It is enphasised that Figures 10(b) and (c), and also Figure 10(d), are -\ &)
purely diagrammatic and that successive oscillations are shown well spaced™
out for purposes of illustration. In these tw Figures, the envel ope of the
15 OSC|IIat|ng signal is denoted by 88tted lines. The "+" and "-" denote

t he supply power rails. As already expl ai ned above, the LSl continuously

assesses th%aifgtiyé%5§$$ﬁgfor gla%o Fbs% al4g é@gﬁ) punting t he

nunbersof tifes t |gna age t hreshol d
VIH Wit hi n"ayBhedel £ M feck el o of chiaMirs 'a;&l%@o:l%o)s&mﬁeas shown

t he signal waveformTor an oOsci IHfor whi ch is running at | ow power or :
idling. It etk €& §@gﬁhaigﬁgtgeaggak signal level in the absence of a coin-
fromthe exam nation region 1s not significantly 25 greater than the

vol tage threshol d Mighses t ha(biuahdgloie) shdb-tHd i tputerosdilldthing
oscillator signal is sufficiently attenuated that it is unable to cross the
‘threshsl d VsHgnTheoffan e9sciil lagorhivbichnddes arotalitsel f Jfonskimtig e to
continue functioning to accunulate a count corres- 5 pondi ng to the

pul se frequénc?mb°¢¥mentb¢§ t@gsgﬁrsgsand second aspects of the

- invention referred to above ‘because it is c0ntinuously
1
energised at lower (Figure 101(b) and higher (Figure 10(c))

levels of-power, but which operates at a frequency

-t

10 corresponding to that of the HFl and HF2 oscillators.

.It is emnnasrsed that Ficures lO(b) and (¢}, and alsc
Figurs lO(d), are pur ely & grammatic and that successive
oscil ions are shown well spaced out for purposes of
illustration. In thess two ’igures, ‘the enve‘one of the

15 oscilleting signal is denoted by dotted lines. The e
and "-" denote the supply pcwer'raiIs. As'elready
kué. .explained ebove, the LSI.continuonsli'assesses the instant-
aneous oscillator Signal frequency by counting the number
of times the osc1llator Signal crosses the voltage |

20 threshold.VéH WLthin)a predetermined period of time. 1In

}igure 10(b) there is shown the signal waveform for an
cscillatcr which is running at low power or idling. It
will be seen that the peak signal level in the absence of
a coin frcm_the examination region_isInot.significantly

25 greater than the. voltage threshold V

oy S° that during the



indicated in Figure 10(c), with known oscillators, -the power is set at a -
sufficiently high I evel such that even the nobst heavi}y attenuated :
' de of the oscillator signal exceeds the threshold [err] Because in
gly 10 cheap, commercially available LSIs, the switching thres-
‘ CMOS devices used in the LSIs is given w de tol erance by
manufacturers, the oscillator pows9 has to be sufficient to ensure that
even the highest of CMOS threshold voltages will be exceeded even in the
case of 15 coi ns givin rise tQ._the greatest si.gnal _attenuation. Wth

some oscHiPatipteryadi T ?aﬁﬁgﬁé&ﬁ§Qﬁ?ﬁﬁﬁﬂﬁ%}%FséfﬁgfﬁlFﬁFéyopg{ating??

. N ool anN LY ST o operali ng=,
be. unacoRBraPTSERE GHEr s LPnaC kP RATIR S0 TnT ofaS tREFFER Eo Thur e n
above.". 2ferefore, dﬁ%ﬂH&etﬁ%QdkidQ iﬂﬂé&é&i“%ﬁ rﬁéfsigoﬂh%?ié

di sadvantage I's overconme™w th an- oscillator which I's powered-up on coin
arrival 8 tbetexedi PahéelohelgORo aida&ntultsat@@naee&ﬂe,cb-&réaoul d be noted

in pdarticular with regard to Figure 1Q(b) that, even with an oscill ator
rungi ng pgéndimg towpewpilsatl firedrRey.] (Fot ntlisi ¥ahsohheapeaks of the
-60- oscillating signal still exceed the voltage threshold [err] so that
the LSl indidatedtinmhBigera' 30dcni,valithTikenddi oscillatorsthéhefore is

.designed to idle at |édw power in the absence of .a coin. It will be seen
that up Pewernks set at a sufficientlyhigh level such that even

the most heavily attenuated ﬁagnitude of the oscillator o

signal exceeds the threshold TH"

10 cheap, commercially available LSIs, the Switching thres-

' Because in relatively

YN

hold of CMOS deviceé used in thé.LSIs is giveﬁ widé
tolerance by mahﬁfacturers, the oscillatér powéf has to
be sufficient toﬂenéurg tﬂat even thefhigheét of CMOS
threshold voltages wili be.éxceéded eveh:in the ¢ase-§f
15 coins giving rise to the greatesﬁ signal attenuation.
With some_oséillato: circuit_arrangépent$ de§ighed.tq
'satisfy this operating requi;ement;'ﬁhe éowerICOnsﬁmed - . <
when the oscillator circuit is idling can be unacceptably
' _high for the kind of applications referred to hereinabove..
20 - Figure 10(5) clearly demonstrétes how.tﬁis
disadvantage is 6vercome Qitﬁ an oscillator which is.
powered—ﬁp on cgin a:rival in the exaﬁinatioh.régionf_ In
this connéétién, it should be noted in particular with
‘regard to Figure 10(b) that, even.with an oscillatorlrunﬁing

25 at low power, at time tiI (coin arrival) the peaks of the




5 . [erv] only relatively |ow power is required. At this tinme, the HF1
oscillator is powered-up, and-this increases the oscillator signal nagn
to ensure that even at tinme [err] it will exceed the threshold [err].
is only necessary that the HFIT oscillator be powered up for the 10

I nterval
at the sane tine as the HF2 and LF oséi0 I-ators are switched off, as
otherwi se two separate control signals would be requited. For this reason
in this enhbodi mrent the HF1 oscillator remains powered-up 15-until time
[err] |deal bycilhatimgeshghdll kdlllHRIXEesidoihe beokergs uthresaplfyVegw t hat
it whls be exceeded wel| before the coin.is in a position of X gym -

i nt er act i ons@i that hehepBfdt Fanf detect i SAiHE RRE YRR mu ﬁe#?gd of
time 20
reached.

o oot 1ok BEEPREseREY bl A LH oGk AN LLRALREEYubD ' ciie

~order of.loaﬁ

nore 2

However, .
adopted for ¢hpel | that HPd BB cUNdetdANKE ngowdrédiesp &hguthss increases

W

10 .

15

2Q

25

CEOSGEXl

TA, but it is nore-convenient to "power- down" the HF1 oscil

Cl es successli ve cycles are I n

the osciliatgr signal magnitude to ensure that even at

time t.. it will exceed the threshold VTH' - It is only

II
necessary that the HF1T oscillator be powered up for the

time interval T,, but it is more convenient to “powér—
gown" the HF1 oscillator at the same time as the HF2 and
LF oscillators are switched 6ff, as otherwise two separate
coﬁtrol'signals would befrequired.'-For.this #easqgé in
thig embodiment thé'H$l éscillator remains powered-up

until time tIV'-
Ideally, the threshold-level. HFIT should be set
sufficiently low that it will be exégedéd Qell before the
coin is in a ppsiticn'of'maximum interaction with the
magnetic field. This allows the maximum period of time
Té for traﬁsients to die away béfdre thé“peak.atﬁenuation

is reached. It should be noted, by way of ekample, that

T is in the order of a few milliseconds and that the

HF1 oscillation'fféquendy is of the order of 1000 cycles/

1ms s6 that successive cycles are in fact very much more

closely bunched than indicated in Figures 10(b) to (d).

I tude

4.

ato

TB f t jents to di . bef th S att jon i _
't CeROLHAEOE HBEER fony i, St iR TR RE, B TBBREEYL. S e

act very nuch

u 1,330 IRAI GERsk |1 R dii £8ed 0( DAt entd) . -61-
theIﬁannef €ﬁ§§§13? epict?ﬁ% thé'Hngggci?lating si gnal has been



Thus, in effect, the HF1l oscillator in its'st'andby- 5 node is capable
Y of detecting arrival of any coin in the exam nation region, but it

_’a'-be powered-up to enable a sufficient oscillator anplitude to be
a

i/ned at peak attenuation in order that a quantitative eval uation of

t he\peak frequency can be nmade to term ne whether the-10 - coin is
acceptable. It is pointed out that the use of a sensing arrange- nent at a
single location to both detect coin arrival and also performa test on the,

Coi N i S Homevietyl ahley it agesus 65 Bépavelidy 4HeNGFAN GydiMalt ssgnsor for
sensing coin arrival 15 -and a separate measuring sensor -brought into,.
oper at i 4gbplt hesabeienaladamptsat . foal Secibétatiagt e Wnbexstdrdimy is not
powered-l%p until the coin has arrived in the exam nation region of the HR1
sensor , fhitBefe| fi9tu&eSeduce the duration for which the HF1 oscillator is
power ed- up andghhere%l 20._ "mnim-se" the pean power consunption of the

coin validity CRBEKi Ehfach usthe t HRhsosfLdddF Pedn ddfastandby
copnect Lo . W:th_FEiagunes 1 .and 2 that,thg.canted  arr.angenent of, the coin
tr §ck 4h?’sﬁ¢\c/i\%éi 85?%59’0 &R 4 Ef‘g?tﬁggbﬁgsFﬁlrévﬂ}aP REY2$CL 0 0j 0. r emai ns

! ) 3 $A8! hpiiab e JAoNRIbuE YRS o bRl 1) 12 RSt
-%0U|d PredeABble a sufficient oscillator amplitude to be maintained
at peak attenuation in order that a-quéntitaﬁive évaluation s
of the peak frequency éan be made to deﬁermine whether the ~
10  coin is acceptable. -

R It_is_pointed out that the_use of.a sensing arrange-
ment at a single qu;tion to both déte £ coin arri?a; and
also perform a test on thefcoin is parﬁicularly advantageéu;
as it avoids using an arrival sgnsot for sensing coin arrival

_ 15', and a separate measuring sensor brought into operation by
the arrival sensor. Also;_bécauég the HF1 Qséillator is
not powered-up until'the coin has arrived in tﬁe examination:
fegion of the Hrl senso:,'thié helps to reducé“the dﬁration 3i_{
for which the HF1 osciliétbf is powered-up.and thereby

20 fminimise“ the mean powe;:consumption_qf the coin validity
checking_appafaﬁus.
.It ﬁés_already beén'remarked in conngctidn-with
Figuteq 1 and 2 that thé_canted arfangement of the cqin:”
track 4 is designéd to énsuré as far aé péssible that the

25 coin remains-in facial contact with the rear wall 6 by the




i naccuracies in the HF1, LF and HF2 peak val ues mhlch m ght result in an
otherw se acceptabl e coi'n being rejected 5 or
erroneousLy accept ed.

Despite the use of the canted coin track, in QIED
is found that there are very slight variations in coin fli(ght.
because of space limtations, the__

practice it
pat h past the sensors,

particularly if,

a fal se coin being

vari ous sensors are p03|t|oned cl ose ro 62hz energy 10 di ssi pati ng device

3 (Figure. 1).
measur enent

of sensing Eg%ggtngﬁggggp%%g'ggleggﬂ E%é ‘f%ﬂ§

t he Fidstre
in far wall
this exanpl

parall el .

t he neasuri ng. coi

%ésa §d§FEoS§Q§2rﬁQ%

conpensat ng COI

e

To | argely conpensate for thls and thereby reduce

1 S each conprjse a pair

cOFRASPFAck® PEReFTing to

JTEAR T 0081 by ce HFIM moUNt ed

QRaEEGrHEQEQVh%gtﬁgdaﬁqﬁDQ&S%Hdﬂkée“%
e relative inductances (L1, L2) of

their effeCEnll\ﬁﬁtl FRedarCen anderarielsdRiddepibibecadn btDdycCi@néerdd of

e“rear mall 6. In

aﬁreaEQEEeﬁﬁféh'”

e two coils is such that

HF1M so that the measuring-coil serves predom nantly to

‘sense Bhe i pren- fatseoroier bedng e rameidusdly ngcoagtedi c bespiitsethep .
between the -two coils HFIM HF1C and the coin 7. Therefore, the inductance
of the HF1Musei bfi $heubanied gidip tawsk hdmn tpeacice dE iheforid that.

However ',
I s that

. ;\h/";

10

15

20

25

it has been found that the

it

-63- effect of the conpensating coi
5h@¢pdé§egy@§y slight variations in coin flight path past

- the sensors, particularly if, because of space limitations,

the various sensors are positioned close to the energy

dissipating device 3 (Figure 1).

To largely compensate

for this and thereby reduce measurement scatter, both

the HF1l and the LF sensors each comprise a pair of seasing

coils arranged one on each side of the coin track. Referring

to.thefFigure 11, the HF1l sensor comprises a measuring coil

HF1M mounted in far wall 5 and compensating coil HFIC

mounted in the rear wali 6.

In this example, the measuring

and compensating coils are connected in parallel. The

relative inductances (L1,L2) of the two coils is such that

their effective impedance is dependent mainly on the

inductance Ll of the measuring coil HF1M so that the

measuring coil serves predominantly to sense the inter-

action between the oscillating magnetic field set up between

the two coils HFIM, HF1C and the coin 7. Therefore, the

of the HF1C coil, However,

- ———

. inductance of the HF1M coil is substantially less than that

it has been_found that the

" ———tnn



conpensation against the effect of variations in coin flight path on the
7out5,t oscillating signal fromthe HF1 oscill ator. 300, - However, as
sd Wi th known arrange- 5 ments in which the inductances of the two
gre equal, the neasurenent sensitivity is significantly higher while
ei ng hi ghly dependent on_cggn_thickness, with only slightly |ess
favour abl e neasurenent -scatter, sO0"that the overall accuracy, which is
| argel y dependent upon the 10 ratio of sensitivity to scatter, is

i MPr oV etk fe diN offakheD e cHBEAPEL B E6LECLEORNGAR ihe prslicdancsoydl ues of the =
two coils, the overall accuracy can be maxi m sed. he sel ection depends on .

f act or compehsatione dgigidt ofhe o ffecackfavariaiomef Ot ecdive sensor o/
arrangenent, the angle 15 at which the coin track side-walls are canted
away- fridrhghire paght iqpal thearmmlat pret ed$ el labhngs sdfgrealy £xwm gyheli BBI pat i ng
device at the top of coi-n track in changing the travelling direction of the
coi ns WsGtldREoF B0 diowever boadceomparghy witypiknewexarmange - f or very
snall.conbongnts of 20, lateral notion_of the coins,_the ratio of the

i Aduct RS oF WRISD (i ndpctarceanefngheolt e It iR Rhs ur enent
acout ahellb BR il Sl bl v o3 ghoHL A% IS phe S0 st de
._}value %%iﬁhgge§§ga@qahf§5deé@géent 68%oin thickness, with only
’ slightly less favourable measurement scatter,-so that
the overall accuracy, which is largely dependent upon the
10 - ratio of sensitivity te Scatter, is impreved. In fact by _- §
appropriate selection of the inductance values'of the two
. coils, the overall accuracy can be maximised. The
_selection depends on factors such as_the length of_coin
track available before the sensor arrangement, the angle
15 at which the coin tracktside-walls'are canted away from the
verticalf and the effectiveness_of any energy dissipating
. device at the_tep of coin tiaek in changing the traveliing
“direction of the co;ns with.tﬁe mihiﬁum_ef coin bounee; _ 'k“}
‘To give typical examples, for verytsmall components of.
20 lateral'metion of the coins, the ratio of the inductances
or capacitances of thetsensing coils_for_maximum measu:emeﬁt
accuracy might be typically as low as about 103,_;When the
side-to-side'mption ié ﬁo:e significant, it'mightibe
necessary to select the ratio at a value.as.high_as aboﬁt

25 90s%.



LF idle fré&fe8nBfvastReRvEndd HaIErrkEpBTR. Whhe
#t h ' f .20 id i.cal size. (di t D t hi,ck whi ch
are in eacHTERSETS PR ERAY Rim it noEBRRC R bHo 2PAd -coh ETBPTARTPRaLC | ve

In an al tternative arrangenent in which the two, coils are connected in
seri.es, the neasuring co6i,l would then have to have an inductance which is-
significantly greater than that of the .conpensating coil, in order that '
the effective inpedance of the two coils should be determ ned predomn na

by the i-nductance of the neasuring coil. Simlar considerations apply in -
the case of the LF sensor, except thal ghere the LF neasuring coil 10
suitably i.s nounted in the rear wall 6 and the conpensating coil in the

front“wall. The HF2 sensor is deliberately constructed froma single
sensing coil, so 3s ao altiedratistanarabhgemantt Anckwhdsh ehketwo | n any

-

case, ¥y the tine the coin reaches the single HF2 coil, any variations 15

in-coil- flicghlsparr sAaneissiad dirf ekerian,bthegnersyrirgt 6PAACYOWLAl now be
made to Figure 12 for an appreciation of the significance of selecting the
i §§r §1981ER8PELYr e shown

S€NsSolg arr%ﬂge@%@Ec&?v@”éﬁ?@dé&ﬂ%T&EeLﬁét%98388§EEC5BBGEQIHeOf frequency

[err] “which, as nentione bove, Ties In the ran w th upper and | ower

limts. of %@tezﬁgaéaagtrhabhiin&}idw BydeRE0ikifact ahe breeneNakakakihg S

o coil,
N ' Similar considerations apply in the case of the
| LF sensor, except that there the LF measuring coil
10 suitably is mounted in the rear wall 6 and the compensating
coil in the front wall. The HF2 sensor is deliberately
constructasd from a sinéle sensing"coil,'so as to awvoid
substénﬁially any tﬁickness effect. 1In any'case} by the
- time the coin reaches the single HF2 coil, any variations
15 in coil flight path and their effect can be ignoréd..
Réference-will now be made tO°Figure.12 for an
' . appreciation of the significance of gelecting the LF idle
frequency as mentioned'hereiﬁabove. )
In Figure 12, there are shown three coins of
20 identical sizei(diameter b) and thiékness (ty) which
are in each case subjected from both sides by the two
coils of an inductive sensor arrangement to an bscillating
‘electromagnetic field H of frequency fo, which, as méntioned

above, lies in the range with upper and lower limits of

25 substantiallj 80 kHz and 200 kHz. The frequency fo is

.



-65- preferably about 220 kHz and the LF coils are.so arranged and oriented
‘that the magnetic field is directed into the coin. substantially at right

% to the faces of the coin as it passes through the exam nation

7. 5 Referring to Figure 12(a), the first coin consists of a
de of a netal X provided with a cladding of a different netal Y.

The conductivity and nagnetic pernmeatfid ity of the netals X and Y are such
that a magnetic field will nore readily penetrate nmetal Y than netal X, 10,
The second coin (Figure 104 b)% is a_clad coin having an identical  cladding
t hi cknerafernakdy Godte ¥79 skHzcanA she LF Ol A% tFR 2BYNE¥hsi st s..of

netal Y a t he ¢l i.ng of. netal X. ., tn.the thirgd. coi h ver., (Fi guie
10 6)) . e AR Ged oM eche PAPBREAGUEL SIghdis FHEEBREE nEVEd e 150
metal X._ _The f Yaf1v i SeS e hat_ t ski e Lthin each
of the t%o-r%e sé%%%s% S %le]r%wg%hgkgé%t Hn%?. etasn?/: OCIJa}‘ di%%g%% ‘?%gt lg%\ilélégllﬁt s
not as deep d Hadie LAHLSuph 20RePelbnli A8 L4 S egidh [ he case of the first
coin, the 20 riDaﬁ'ski n dept hﬂ‘i n teh(ee Co:in IS denoetgela by [err] For the second
coigh, however, HeFerskidy depthigare] 123a0r,cathey fiwdk [eoin deseisesthe -
magnetic field can penetrate netal Y nbre readily than netal. X. For this
reason, ofh & wreasadd dfecatmetdlcHi provideskiwitlepd hcladdingsof he

smal | est. : .. ' ' : ' ' ' '

i a different metal Y. The conduictivity and magnetic

permeability of the metals X and'Y_ére such that a magnetic (\J

field will more readily penetrate metal Y than metal X. .

“waf

10 The second coin (Figure 10(b)} is a clad coin having an
identical cladding thickness to that of_ﬁhe_fi:st coin but
in this case the core consists of metal Y and the cladding~

metal X. In the third coin,.however, (Figure'lo(g)),

rh

o
the coin is homogeous throughout, consisting of the single-
35 metal X. _

g The frequency'fo is se}ected:so_that the skin_depth

within each of themthfee coins is below the depth of any

cladding on the_coin but is not as deep in the centre

plane P of the coins. In the case of ﬁhe first coin, the

20  "skin depth" in the coin is aenoked by gl. For th§ second
coin, however, the skin-depth'gz-is greater than él becguse
the magnetic field can pénetfate metal Y more readily than
metal X. For this reason, iﬂ_the case of the third coin,

; - the 'skin depth §, is the smallest.



It wll be appreciated that three different |evels of peak attenuation in
the LF processing circui'try will exist in respect of the three differep
constituted coins shown in Figure 12. If a significantly lower 5
frequency were to be used such that the magnetic field would penetrat
significant extent through all parts of the coin, and because of the
"averagi-ng" effect produced, it may be énpossjble to distinguish
satisfactorily between the first and s%cond coins. |If on the other hand
the .10 ‘frequency were to be very high such that owing to the "skin
effect" the magnetic field were not to be able to penetrate to any :
si gni fSeant extentIbekbilthe tpprkodated that ddiree|adufifegent hbevelswoul d
not be possible to distinguish between the second and third coins. However,
Wi th appro- ofSpealprattenvhbion sh the LE ipdHoges Singjuekeguitry heikbecified
range, it is possible to distinguish nore reliably between several

di fferent cexisteainrraspecthef Fheefkhgiee)fdf fnreHebe KRBT ritPesd to
consi st of two sensin oils. _It_cgouldq, for exame, conprise_a 20 .
si ngl e sensFAGPEOFFC diPhF§9H5§ E%e agfaﬁuﬁﬁgﬁgghcéﬁﬁﬁiFi?%§f woul d t hen
be substantially independe f Ln thi cknes r , there
woul d dl so Eéeﬂ§e%%¥m‘8ﬁ§§t P’éng o?‘g\?gr isgtq?‘on@glalsﬁn %I’%]n&%??%{ﬁ gpfa%'%MFi nal |l y,
it is remar bsqlahgénééﬁaegvggtn 3983 gAd £1 S Yk dd ONLh PSR Ca Pl HhBEs

spggific frequency range gi ]
v . of the coin, and because of the "averaging" effect‘produced,

\_

it may be'impossible to distinguish satisfactorily between
the first énd second coins. If on the other hand the
.10. frequency were to be very high sﬁch that owing to the "skin
.éffect“ the magnetic field were not to be able to penet?ate :
to any significant exﬁenéxbelow the thickness of the coin.
cladding, then it wduld 56t be.possible-to distinguish
beéwgeﬁ the second and third coins. However}.with appro-
15. priate choice of the LF idling freduency in the specified
‘range, it is possible to distinguisﬁ more reliably between
i _ several_differeht coin materials. .
| | The LF sensor does not neéeésarily have to'consist
of two sensing coils. it could, for example, comprise a
420 single senSing coil and this has thg ad?aﬁtage that the
LF test woﬁld thén be substantially independent oflcoin
ﬁhickness; On the 6the£ hand,  there would also be no

- compensation for variations in coin flight path.

Finally, it is remarked that the advantages

25 afising from the use of thé specific'freqﬁency range given



67 -

above for the LF sensor necessitate the use of an inductive sensing.
but so far as the advan- tages of powering-up on coin arrival

arf ment
and mf-ensatlng for coin flight path variations by adopting out-of - bakance
c-

ensors, are concerned instead of inductive sensors,. there may. be

“enpl oyed capacitive sensors.

Variogse podifications to the coi n vali dator

descri bed above are possible. Thus, for exanple, the LF sensor could be a
one-sided coil which would be responsive 10 primarily to coin material.

Wth subtabtessesine® 0f LBRs8eOMRIdessqfedte dHd giée degkawf the validator,

the effects of any wobble in the coin flight along the coin track past the
LF sens@hdd¢eive f&@ﬂéinw hlﬂr@ﬁrgb@delmtﬁ,l baitl tscarfangesrets ddvanhe HFL 15_,
oscillator, the power consunption can be regarded as .negligible, in which
case: notagéScd@mqugpiygrsprequmnimjhmrnvﬁit#ndOSQmP¢@§e?1n9nstead as
indicated in Figure 13 where the sane reference nuneral s ﬁs used in Figure

3 denotéo:heosenélegheopﬁebpUﬁ@ﬁﬁ}ﬁﬂﬂﬁn?XMﬁéﬂP%&Pg e

oP2b8NFEr t her

descri bed, the HF1 oscill ator, 300 I%vfdﬁg ‘g omt he 03|t|ve term nal of
wt

th8 powEPNEBEF ccABDACANFEBREG ARG
which p
nodi fic

*
1

10

15

RERE b R IobbRA RS ae s lagE 00 25
Various modifications to the cozn validator
described above are possible. Thus, for example, the LF
Sensor'could'be a one-sided coil which would be responsive

primarily to coin material. With suitable design of the

geometry of the flight deck of the'validator,.the effects

.0f aay wono’e in the coin flight along the coin track past

the LF sensor are minimal.

'With'cerpain circuit afréngements for ‘the HF1
oscillator,'the'power consumption can be regarded as
negllglble, ‘in which case no switched supply is requlred

for the HF1 oscillatpr. Instead, as.indlcated in

'Figure 13 where the same reference numerals as used,in

20

Figure 3 denote the same or corresponding parts which
need not be further described, the HF1l oscillator 300
is.sﬁpplied from the positive terminal of the powe:

source 304 and continuously draws current from the power

 source which passes to earth through a resistive element

25

306°.

Another modification is incorporated into the

tht ??% PERe power source

Anot her

“t e



- 68'- cirtcuit of Figure 13. In the Figure 3 enbodi ment the power

»

consunption of the LSI, which is small, is taken to be negligible and the £,
LSI° is bernanently.energlsed However, in some circunstances it may be YC%S
desirable to 5 reduce overall power consunption further and this can be’

achi eved by the switched supply arrangenent adopted in the circuit of
Figure 13. As shown, a branch connection 1005 | eading fromsupply |ine 400
feeds a voltage reducing devi ce 1000 _ e 10 output i's connected via
line 1006 to the power supply input of the LSI 316. A nornally open

el ectronjc switch 1001 is connected in parallel with the voltage reducing
devi ce00@irclbe 6% FEut@013nas Th o rPiguAguB ehbedimeneoshect ed to

i ne- 317 to receive the power-up signal when 15 generated by the LSI,

t her eby capeweg chnsemptdbntofthBaLsmuawhﬁchgésremaélmgidetakenlooo in

its sinplest formconprises a hi i npedance resistive element. Before a
‘coin arrivés, beheeslﬁgéhlsoegd:; e%ﬁ%u%ﬁapﬁrmﬁnﬁﬂtéﬁ GFSFEé5ﬁ63|t|ve
‘potential of the power source 304, deter- m ned b h i nt er nal

r esi.st ance HGWeVRE, LB SPQEaE&FQ&P%QFQ?EFLéﬁ m3KePBofie 1§6§ﬁ 8 to the LS

h ff bl d | h
e Sop oFeaReR! S ERLL. PReEn Gne iRt ol SEREERER Apdl ke caliBl (1O
causes the %%&8%8%9 £Re s%‘f'ttc%redl%pﬁfycef?rgn@QmQﬁt sﬁ&s%av%y, to

short circui
\y; the circuit of Figure 13.

As shown, a branch connection 1005 leading from

supply line 400 feeds a voltage reducing device 1000 whose

~’s

10 output is connected via line 1006 to the power supply
input of the LSI 316. A normally open electronic switcﬁ
1001 is connected in parallel with the voltage reducing
device 1000. The'switcﬁ 1001 has a control input which is
connected to line 317 to receibe the power~up signal when
15 generated by the LSI thereby causing the sw1tch to close.
The voltage reducing dev;ce 1000 in its Smelest
form comprises a high impedance resistive element. - Before
; coin arrives, the switch 1001 is epen and a proportion_
of the positive potential of the power soﬁrce 304, deter-
20 " mined by the high internal resietance of the LSI, is -
'aoplied to the LSI. The power supplied'to the LSI in this
- _way is suf f1c1ent to enable lt to detect coin arrival.
Wnen the power-up sxgnal is generated on the llne
317 following coin arrival,”it causes the electronic

25  switch 1001 to close so. as, effectively, to short-circuit

. .
[y——— e+ o b ot e e . - o a——p—



-69- the voltage reduction device 1000 and -t hereby cause the positive- .
2 ial of power source 304 to be applied directly to the suppl y i nput of

KBl 316 which then operates at full power to carry out the coin

dity 5 checks. It is to be noted that the dynami c current
consunption of a CMOS LSI is proportional to the square of the potentlal
drop across it so that the total_ ggvwer consuned by the LSI, except during
the interval during 10 which the power-up signal is present on line 317,
is significantly redueced. The voltage applied to the LSI prior to coin
arrival theevsl tagdersdaciipendeyiadmvid ttheard ntlverebpqaaved for the LSl..to
function properly in carrying out its 15 program but at a | evel chosep”
with a WEV\P?%# Yﬁ—rrP@Fﬁgtﬁ-Hg [FFNROTNSAAEFDN3 WA t RPnPeh@PR&Eed)

addi tion, ndlng on th rticul a rCUé rovi, ded thin the -
f’éﬁeﬁ TR P@é’pgw ‘?m&%‘%ée 1B eFRERBnERSRo whi ch th
3:??85?or LSed opb " oﬁﬂectgd a. ﬁﬁngxivgi?gn sorethred ?or
OPRTorger® ?h ar*it Pea T2 g%roper y ? [

the LSI functlo t 0 out pu ogfcal signals to
thg C|rFHéE%¥ W t hin the aSSOCIated equi pnent. The value of [err] is
cafef ul osen in order that the above criteria can be satisfied

si mul t aneousl y1¢ - {We¥ehe noted that the dynamic current:

s

Ty consumption of a CMOS LSI is proportional to the square
of the potential drop across it so that the -total power @
consumed by the LSI, except dur1ng the interval durlng

10 which the power-=up signal is present on line 317, is

-l

significantly reducea. _

The voltage epplied to the LSI prior to coin
arrival needs to be sufficiently aboue'the minimum regquired
for the LSI to functlon nronerly in carrylng out its

15 program but at a level chosen w1th a view to m;nimi51ng
the power c0nsumptlon within the LSI. In eddltlon,
.depending upon the'perticulerecircuitrf'provided within
the associated equipment (e,é. vending'machine or pay
telephone) to which the'vaiidetor ishto be connected,

20  a minimum supply voltege is requirea for the LSI in
order that it can function properly to output loglcal
ISLgnals to the clrcultry within the associated equxpnent
The value Of_RV/R is cerefully chosen in order that the
above criteria can be satisfied simultaneously. However,

25 the internal res;stance of the LSI can vary according to -

- r————— o t———. - . C o ——————— ot
T m—— . — ma—— ——— * — -



25 -the-internal resistance of the LSl can vary according to - 70 - its
operatlng state and this will: cause the voltage applied to the LSl to var
too. 'To prevent such voltage variation, the voltage reduction device 10025
can, as shown in Figure 14, take the formof a vol tage divider, 5
conprising resistive elenents 1002, 1003, and a unity gain'anplifier 1004
whose.input is connected to the tapping point of the voltage divider and
whose out put feeds the supply input of the LSI. In this way, the supply
voltage. to the LSl is kept equal to the sane proportion of the 10 power
'source voltage as the resistance of resistive elenment 1003 bears to the
total \series resistance of élements 1602 and 1003, irrespective of any
variations in [err] - 71 - CLAIMS: - 1. Appar atus for checking the
validity of coins, the apparatus reqﬁrﬂpng electrical power for its
coi n checking operation, and conprising circuitry arranged to establish a

changi ng %?ta&q?iﬂagg%ea&fa&adthslsaalﬂa&u@e' Yhe QY1 ¥RgeNd O

;det erm ne her t gree of 1 nteraction between a coin, en in the
applied to the LSI to vary too. To prevent such voltage

variation, the voltage rediuction deéice 1000 can, as shown
in Figure 14, take the form of a voltage divider,
: l\; S cpmprising resistive elements 1002, 1003, and a unitj gain
" amplifier 1004 whose'input is ;onnected_to the tapping
"y point of the voltage divider and whose output feeds the
supply input of the LSI. In this way, tﬁe supply voltage.
to the LSI iS'keptleqﬁal to the same.proporticn.of the -
10 _powér source voltage as the rasistance of resistive element
1003 bears to the tobal series r°s1stance of elements 1002

and 1003, irrespective of any variaztions in RLSI'



éé%énination region, and the field is indicative of an acceptable coin, said
trical circuit sections which ‘are adapted to be
|ndIV|duaII omered up -means for sensing the arrival of a coin for

check H!&M u II El neans arranged to power-up, in response to the

sensi coin arrival, each of said circuit sections through
peri ods en"its operation is reqU|red for a coin checki ng operation, but
not through other periods. 2. Apparagys-as clainmed in claim1, wherein
one said circuit section is a.nmenory section which contains reference .

val ues associ @L&TM3t+h acceptabl e coins and the control neans is adapted to
power-up the nenory secti'on through periods when access to its contentsss
required but not through ot her perlods - 72 - 3. Appar atus as cl ai med

the sensi ng. mhans SRREIRE-TA S T trfa?'ytaenc@éﬁ%%d?pée%a%a‘épr B3Rl cd <o
el O g S I OO W o ARRBELHE 2 21 1
2 con LendtomEeopr sl on e sxdtab o AN ) aoebaagLer ot
arranged al sotdOestablish a changing magnetic or electric field in
an egamination region, ahd'te determine whether the .
degree of 'interection between a coin, when 'ih. the \.J
examination region, and the field is indicative of an
_ecceptable coin; said circuitry including electrical
circuit sections which .are adapted to.be individually
- pcwered;up; means for_seneing,the arrival of a ccin_for
checking; and control means-erranged to power-up, in
resbonse to the sensing means sensing coin“arrival;
each of said circuit sections through periods when its
operation is requifed'for a'ccin checking opération,

but hot through other periods.

2. Appahgtus as claimed in claim 1, wherein one said
circuit section._is 'a memory section which contains
reference Values:associated with accepteble coins and
~the control means-is adapted to power-up the memory
seetion through periods when access to its contents is

required but not through other periods.



determ ne  whet her said information si.gnal is indicative of an

acceptable coin, in the absence of a coin said sens ' bl [
| ow power, and said control neans is responsive to mmﬂrmﬂ M;Mﬁm :
'sensing coin arrival to power-up said sensing nmeans througnho a

portion of said information signal. 5. Apparatus according to clalm
wherein said circuitry requires the information signal fromsaid senS|ng
‘means to maintain at |least a predeternined anplitude for t he pur pose
of acceptability det er mi nat i on, whereirg - the information si gha
decreases in anplitude 1in response to said sensing nmeans interacting with
a coin, herein 3t | otppanetus hes deeriswesied nagphimudeonfclain ihwdermatnon
S|gn§F’houId be -73- less than said predeterm ned anplitude and wherein
sai d sensi ng neahbelsopbmele@ﬁiﬁﬁslﬁﬂﬁQQEﬁeqfﬁ?(ﬂﬁﬁﬂ&ﬂge&°aﬁﬁﬁlﬁﬁéé18€ this
i nformation 5|gnal remai ns above {he rede er ned ag%ﬁ i.tude

~ Appar at us. cpﬁ?ﬂédsﬁqf1%%w°°b?e dig c %i MR |q§r@P% E8Mbn coin .
Clai med I""n' cfgl APaLaRsy bpnocar B i g sa???o?%nﬁtc.“‘ieckl 0 SHRALIOH, 20y
desired set of
4, Apparatus as claimed in any one of claims 1 to 3,
wherein said sensing means is adapted to'icteract with
a coin to produce an ipformation signal dependent on a
characteristic of the coin as well as indicative of its
arrival, said circuitry. being arrahged also to
'determlne whether said. information _signal is
1ndlcative of an acceptable 001n, in the absence of a
coin said sensing means is operable at_low power, and.
said control ceans is respcnsive to the sensidg means
sensing coin arrival to pcwer-uc said.sensing means
throughout a subsequent portion of said informaticn

- signal.

5. Apparatusl according to claim i wherein said
circuitry requires the 1nformat10n 51gnal from said
.sen31ng means to malntaln at least a predetermlned'
amplitude “for the purposel of acceptability
determinatlon,_ wherein the ihfcrﬁation signal
decreases in amplitude in response to said senslng
means 1nteract1ng with a coin, whereln at low power the

decreased amplitude of the 1nformation signal would be



r ence val ues correspondlng with any desired set of coins to be found

t able. —8: prarutus as clainmed in claim?7 wherein said nenory is
non- rannable read-only menory. 9. Apparatus as
clalned iﬂuuﬂ ”ﬂnlng claim wherein said sensing nmeans or said
.Circuit establ i shing a changing magnetic. or electric

field, a pair of |n§uct|ve or capacitive sensing devices which are nounted
general |y opposite, and -spaced away 4 rf3n- one another on opposite sides,
respectively, of the coin path which is so arranged that a coin travelllng
along the p[d&9 thian saiénpredetensingd iapnlityde agd whergin.said
predeterm ned | ateral positional relatlonshuﬁbrelatlve to the sensing’,

devi ces as |Fﬁ&%ﬁ%& BRAGR e A St IR e Ue Y &B@Fcé?qxﬁ?ﬁr%%ﬁﬁ%cted\PW

circuit with _sai.d CUI uch hat Qne o neasgglng devi ce

whi ch servesﬁ&aﬁﬁﬁﬁqﬁaﬁtl 18r1839£85 ﬁﬁnoﬁégg?inﬁPga&ﬂargz?%7| Fcs of the
coin dependewgé&gyégayiegsg&gglghdbnteract|on bet ween t he fleld_and the

coin while t other one is conpensati ng -device which serves

predom nantly to reduce nmeasurenent scatter due to variations in coin
flight path, the inductance or capacitance val ues of the sensing devices
bei ng 6. Apparatus as claimed in any preceding claim,

comprlslng a common coin path for all coins to be |

inserted in the apparatus. - o g_)

7. | Apparatus as claimed in claim 2 wherein said
memory section is programmable with any desired set of
reference values corresponding with any desired set of

coins to -be found acceptable.

8. ~ Apparatus as claimed in claim 7 wherein said
memory is a .non-?olatilé programmable read-only

memory.

9. Apparatusa as. claimed in any preeedlng claim,
whereln said sensing means or sald c1rcu1try comprlses,
| for establishlng a changing magnetlc or electric fleld, a
.pair of inductive or capacitivé sénsing devices which
arelﬁouﬁted'generaily'opposife,'and spaced'away.from,
one another on opposite sides, respectivsly; of .the
coin_path which is'so arranged that a cbin trayelling

along the. path will remain substantially in a



7

sel ected.at different values so as to increase.the r

sensitivity to scatter.~10. “Apparatus as.claimed in claim?9 wherein the

sensi ng devi ces are inductances connected togethe?

in Hu
i nduct ance having the | arger inductance val ues. Apljw ngln
e

claim9 wherein the sensing devices are |nductances connect

‘paral | e
Apparatus as clained in any preceding C|aIU] wherein said sensing neans or
ve~

said circuitry |ncludes --75- an |nduCt7

toge h

wherein the measuring inductance has the smaller value.

rl

d |n
in

sensor arranged to subject a

coin in the examn 'toenr' r9e'tcPr5.p tordl By tl%tnlg.'lgr'%llg%& Q’S@“?Péiaﬁl%d the

fi el di betng orléh
substant i al 'y not{mhél : tiiﬁfcfév%@st%? {¢ epuigney eétw@n oeﬁé&ll amg

field being such that an acceptabl e coin whi ch has a

enetrate

e presence o

surface cl addi ngsédeindki dedepéd 0k ihke dongled tidt Nir ¢ hecwid nwish behow t he

depth of the surface cladding but not as deep as the central

coi n. Apparainmuitasmeans metichi ntldai one 12 fwhighiem nisaial heagueibnyg i s

13.

pl ane of the

bet ween 80 and 200 kHz. -14. Apparatus as clained in claim 13 wherein

sai d

device which serves predominantly for detecting one or

more characteristics of the coin dependent upon tbe

degree of interaction between the field and the coin
while the other one is a compensating device which

serves predominantly to reduce measurement scatter due

- to variations in coin flight path, the inductance or

capacitance values of the sensing devices being
selected at differeﬁt values so as to increase the

ratio of measurement sensitivity to scatter.

10. Apparatus as claimed in claim 9 wherein the
sensing devices are inductances connected together in
series, the measuring inductance having the larger

inductance values.

11. Apparatus as claimed in eclaim 9 wherein the

sensing devices are inductances connected together in

parailel wherein the measuring inductance has the

‘smaller value.

12} Apparatus as -claimed in any' préceding claim,

whérein'said sensing means or said circuitry includes



frequency i
a npris

s approxi-mately 120 kHz. 15. Apparatus as clainmed in clai.m1,.

ing means defining a coin path, sdid ‘sensing ne

p ding

accept abl e
occurrence

adapted to

ans

an information signal dependent upon the characteristic of
| east the great mmjority of coin types as well

té.gel ?\8: amnm‘mlmmmumﬁ s arrival, said ci r;:w t ry being arranged al so to

determ nes Wwhether the |nfornat|on signal is indicative of an

coin; and said control -mggns- being operable by 't

he

of the information signal- fromsaid sensing neans to initiate
- 76 - said pomendngtmpeosenhercarcange§e¢pl@n@gecheaconunohnnmaas belng

so operate irrespective of -whether or not the infornmat

I on.™

from sai d seP5RRinALEAR reginai dd iy OFcdAlasiapt Miestvomrgnatdeeby s

power i ng- up

ath 16, AobCh b us P8 hieldabe Yo cpilentedidh o, Kb rateae: oe

i ncl ude one
coin fromt
and conpris
plurality o

hé Sénsor

| B84 acRbUrRkhL¥ney ©2 tneetid1hein E&F&a GR1hY BdcR

f tests on a coin, -and wherei.n one o
that 'in the presence of an acceptable coin which has a

he coin.
ctions

claim1l
ut a

surface cladding the skin depth of_the'field within the-

coin is below the depth of the sufface cladding but not

as deep as the central plane of the coin.

13. Apparatus as :claimed in claim 12 wherein said

frequency is between 80 and 200 kHz.

14, Apparatus as claimed in claim 13 wherein said

frequency is approximately 120 kHz.

15. Apparatﬁs as glaiméd in claimli, and comprising

means defining a coin path, said sensing means

providing an information signal dependent upon the

characteristic of the coin in response to at least the

great majority of coin types as well as indicative of
the coin's arrival,'said'gircuitry,being arranged also
tb' determine whether the information signal is
indicative of an acceptable coin, and said coﬁtrol
means' being operable by the ogcunrence. of the

information signal from said sensing means to initiate

d

QSIHDE.?th#lQP ?9?8&53{'}’85%%@5%%@"@98&125 8 él'aﬁegsg%retsure of a

al
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cireuit « sections I ncl udes a nmenory eont ai ni ng reference val ues :
for use in said tests, *and ‘t.ne menmory is powered-up a ' i @gg;
during the passage of each coin through the apparatus; %ﬂmuuﬂﬂmﬂuuumﬂ he
plurality of respective tests. 18. Apparatus as clai med Tnflaintl,swrerein.

a coin passes past a plurality of-coin sensors in sequence, and circuit

sections are powered-up in a sequence related to that of the passage of the
coi n past the sensors. - 76 -

said powering-up of the circuit sections, the control

S“/ means being adapted to so operate irrespective of
whether or noﬁ the information signal from said sensing
means is indicative'of an acceptable coin, whereby said
powering-up occurs substantiélly every time a coin

passes aloﬁg the coin path.

i
]

16. Apparatus as claimed in claim 1 wherein said
circuit sections include one or more coin sensors which
are powered-down on departure of a coin from the, or

the final, sensor.

.17. Apparatus as claimed in claim 1 and comprising a
plurality of coin sensérs for use in carrying out a -
plurality of tests on a coin, and wherein one of said
cifcuit sections includes a memory <containing
refefenee-values fdr use in said tests, and the memory
" is powered-up a plﬁrality of'times_during the passage
of each coin through the apparatus, for carrying out

the.pluraiity of respective tests.

18. Apparatus as claimed in claim 1, wherein a coin
passes ﬁast a’ plurality oflcoin sensors in sequence,
and circuit sections are powered-up in. a sequence
- related to that of the passage of the coin past the

sensors.




