*CO N VALI DATORS This invention relates to coin validators and is
particul arly, but not exclusively, concerned with valid- 5 ators which
luse very little power, and which are there- fore SUItab|ﬁ;§\ _use in, for
n
RS

exahp] e, pay telephones. | n-accordance wi'th the inventio n§§§ gﬂyﬁ;}
e :

prokuded a coin validator for detern1n|ng whet her. an ite
-coin, -the val'i dat or conprising a coif- ﬂestlng 10 sensor and a
validation circuit. for "calculating a neasurement based on the sum of
val ues .i.ndi cative of successive outputs from said sensor produced as 'said
item noves coﬁhthZ?DA&B said sensor, and _for. det er m ni ng mhether sald
measur enment IS appropri at e for a genuine 15 coin. Preferably,- -
predet erm ned nunber of neasurenents are stored, and when the Iatest ,
nmeasurenents indicate that the coin is leaving the sensor, the first.n of

these neasur emenTaiar of MG, re)ices Boi %die;sSvatinmwtes,ZOand is
_predeternined number. Preferably, the circuit includes neans for deter-

m ni ng Whehh@michghhlyanphmtndc ezedusfivelygnegncehnedewiphodated- by a
coin in proximty .to the. sensor are representative of a valid coin.
Preferébly Bh@rsemhmcukhsecmmmylkbtthecpoWen; and hwkich ereatbera—path -
Prefer- .ably, the sensor produces an output predom nantly
fore suitable for use in, for example, pay telephones.
' In accordance with the invention, there 1s provided
a coin validator.for determining whether an item is a
genuine coin, the__validlator compr_i'sing a coin--testing
10 sensor and a “validation_ circuit for calculating a.
_measurement based on the sum.of values indicative of
'successive outputs from said sensor produced as said item
~moves relative to said sensor,' and for determining
whether said measurement is appropriate for a genuine
15  coin. ) |
| .?referably, a predetermined number.of measurements
-are stored, and when the 1atest measurements indicate
ke/ _ 1that the coin is 1eaV1ng the sensor, the first n of these
measurements are averaged, where n is less than the
- 20 'predetermined number. | | | .

Preferably, the circuit includes means for deter-
mining whether both amplitude and frequency changes
produced by a coin in proximity to the. sensor are

'representative of a valid coin. Preferably the sensor
' 25: comprises a. ooil at each side of a coin path.= Prefer-
' ably, the sensor produces an output predominantly |

dependent upon the material of the coin, and dependent

also but to a lesser extent upon the thickness of the



dependent upon the material of the coin and dependent also but to a |esser

"extent upon the thickness of the - 2 - coin. Preferably the

frequency and anplitude are measured alternately usi ng the sane
ci{cuitry..Preferany, the detected variation in anplltude is used to '

.determne the. tine at which a frequency neasurenent is 5 ‘made. In ordewd
to neasure anplitude attenuation, the utput of the sensor-is preferably .
converted to a digital signal. -In a particularly conveni ent enbodi nent - of
the invention, a  counter. is used in the analog/digital 10

conver si on. ‘The count output may be converted to an analog i gnal mhlch
is compared wiodn.t hat Preflerabdserhe . frigquentit cands %mbbkbudentarethe
analog signals are equal, at whhich point the count is a digital

represent at i omeasured ouBdtiersately seriing  bher. same nat 4BeYLtrye

counter is used to neasure:the tine taken for ,a-valtage level to rise_or

“fall to that gf'etfﬁé'%sogt%l@%ﬁ%"ﬁ%‘?n@aﬁé§§éP@d in anplikude ks wEedg a

digital repregent %'ﬁgg.,iof thS Efaeoge” Méﬁe Fxsau.éagraa SQEP&:%eSE’b?dy' g
5 made. | | ) | _" o
|  In . orderi to measure 'amblitnde' attennation, the
'output of the’ sensor is preferably eonverted to a digital
signal. in a particularly convenient embodiment of thel' .L);
' invention, a counter is. used in the analog/digital
10 conversion.' The'connt ohtﬁut mav'be"oonVerteddto an:__
?analog signal which is compared with that from the
”sensor.' The counter is eloeked until the analog signals
“are .;qa.l, at which point the count 1is a digital |
| representation of the output of the sensor. .Alter-
- 15 natively, the counter is used to measure the time taken
| for a voltage level to rise or fall to that of the analogi_d
voltage being measured, the time taken being a digital
'”representation of the analog voltage level. ' |
: _f: Arrangements embodying the invention will now bel
20 ”described by way of example with reference to the aceom-_:
iupanying drawings, in which- .
| Fig. 1 sehematically illustrates a eoin passageway
lof a ooin validator in aeeordanee with the invention,

Fig. 2 is a sohematie oireuit diagram of the coin
25 'validator," - a



®20 described by way of exanple with reference to the accom panying

dfawi ngs, in which: Fig. 1 schematically illustrates a coin passageway of a -
fcoin validator in accordance with the invention; Fig. 2 is a schematic

circuit diagramof the coin 25 validator;: 3 Fig. 3isacircuit

di-agram of an arrival sensor of the validat r; Fig. 4 is acircuit dlagram

of a material sensor in a.nodified enbodifeht™ of the validator; 5

Fig. 5is a schemtic dlagran1of the circuit -of the nodified enbodlnent
and Flgs BA and 6B are views .of opposite sides of a. printed circuit boar d

S carrying a‘testing C%r%du?e% B PR Ut 4R 41 Uenddh of

Referring to Figs. a vall as a main processor

uses -an arrivapedivagi@itorsensing circuit 6 and a naterlallthlckness_
'sensing. circuit 8 for detectlng the arrival of. coins and for testing those

coins and providing smgnalus i @ﬂnmwruetmam @pla\ m@te’lzsial gﬁmscne irand
If so the type of the coin:
- a modified embodiment of the validator,
5 - Fig. 5 is a sehematic diagram of the circuit of the
| modified embodiment; and
- Figs. 6A and 6B are views of opposite sides of'a
‘printed circuit board ecarrying a testing coil used in
"each ambbdiment of.the validatof.a |
10 - a'Raferrihg to.Figs. 1 and 2, a7validat6r 2 haa a main
| " processor 4 whiqh ‘uses an arrival/diameter sénsihg'
~eircuit 6.and a material/thicknasa sensing circuit 8 for
‘detecting theﬁ arrival of. coina ‘and for .testing ﬁhose'
aoins'and providing signals indicating whether a coin.is
15 genaine,'and if so the type of the céin. |
) ' The arrival/diameter sensing circuit 6 has a sensing
eoil 10 connected in an '6sc111ator- eircuit to be
A adescribed in more detail subsequently._
o | ‘The coil 10 is situated at one side of a coin
:20' passageway 7.-'The passageway 7 is inclined and canted so |

that coins, such as that shown at 9, travel down the



The .arrival /dianeter sensing circuit 6 has a sensing coil 10 connected

(2 an oscillator circuit to be described in nore detail subsequently.
e coil 10 is situated at one side of a coin 20 passageway 7. The :

passageway 7 .is inclined and canted so that coins, such as that shown at 9,

travel down the - passageway 7 in the direction A with théir faces in- i g
contact with the side of the passageway on which the coil 10 is |ocated.
The circuit 6 is- - 5 -"so arranged that the signal appearing at the

out put 12 of the CIFCUIt 6 has a frequenay which alters as a coin passes
the coil 10, and whi.ch peaks -at a level predonin- antly dependent upon the-
di aneter of the coin. The naterial/thickness sensing circuit 8 has a coi |
14 di-sposed at. the opposite sjde of the coin passageway 7 framthe coi

10. The coblassausenwayco'ﬁneim edhien’ direstiohatibr wdithc Utheimndaices cicuit

is so arranged that the s gnal appearlng at the output termnal 16 is -
attenu- contact w1th he side of the passageway on which the coil

10 is 1ocated. The circuit 6 is




10 ated in response to a coin passing the coil 14. The peak |evel of
ajtenuation is predom nently dependent upon the naterial from which the

. doin is made, and the thickness of the coin. Because the coin contacts the
*side.of the passageway 7 opposite to that on which the coil 14 is 15 '
located, the spaci"'ng of the coin fromthe coil wll depend upon coin

t hi Ckness, so that it is ensured that this will have a significant effect
on the output of circuit 8. The processor él-i s a CMOS 8048 (or CMOS 8049)
m ¢ro- 20 . -processor. This has terninals”PI, P2, P3, P4 and P5, which

can be wused as, respectively, a clock output terminal, an interrupt.
input termnal, a reset input termnal, an input/output termnal and a.
testable input -6- termnal. There are also address/data bus termnals
D. The remaining termnals referred to bel ow are further i nput/output
terminal s whi chso anrarged; bhatethensigraluappearing &t dhedpntpnéni2tofies
as both an input and an 5 oytput, are only required to performa single .
i nput or out put thenadingriit gh afardi dneguengxukhichhddters @@ gr R or
4 also has powe;aggggl Xhteei:gjigalfﬁ’, gn%c%:ﬂin u.tpeaks ét: a ievel predomin- |
antly dependenﬁ upon the diameter of the coin.
5 - The matéf_ial'/thiékriess sensing circuit 8 has a coil
1% disposed at the opposite side of the coin passageway T
N\, ' from tﬁe "eoil '1'0.' ‘The c‘o'il 14 is .éonnected in 3n'..
o oscillétor circuit, and the_.circﬁit is so arranged that
the signal appearing at the output terminal 16 is attenﬁ-
10 ated in response to a coin passing the coil 14. The .peék_
level of attenuation is preddminentiy dependént upon th__e o
material from which the coin is _madé, ‘and the thigkhess
of the coin. Because the coin contacts the side of the
passageﬁay 7 opposite to that_on' whi'chl_ the coil 14 is
15 located, the spacing' of the coin from _ihe coil will
| depend upoh coin thic'khess,. so that it is eﬁsured that
.thi_s will have a sigﬁif_ieanf.. effect 6n the output of .
“eircuit 8. |
| 'The_ processor 4 is a CMOS 8048 (or CM'_OS. 8014_9) .nllicr'o--
20 procéssor. This has terminals P1, P2, P3, P4 and P5,
.whic_h'- can be uséd as, _respectivejly,' a clock output

terminal, an interrupt input terminal, a reset input

terniinal, an input/output terminal and a testable i'nput



termnal s étc. whi ch are not shown in Fig. 2. The processor 4 has in |ts

instruction set a HALT instruction, which when executed causes the

processor to enter a.quiescent state, in whiech no processing operations are:

carried out and the power 5 consunptlon i's substantially reduced. The -

|
P

- processor can be switched back to an active. state by a S|gnal on the Nl

~interrupt terminal -P2. The.validator is_ installed in a pay tel ephone.
Under normal circunstances the entire'vglrdator is 10 switched off. Wen
the handset is |ifted, parts of the validator circuit, including the

_f_processor 4 and arrijival/di aneter sensing circuit 6, but excluding the.

;

material /thi ckiigsp *éﬂ's' NGnehieC e 8a1§<§e?§m~&sa? e8. blA° UAERIY ft then
a _

executes an initialirsation 15 routl ne oW ng |ch a HALT |nstruct|on

i's executed. 9fpd h?'bmh'iﬁiﬁ"goc@éﬁ@inﬁﬁé epefRerHfdEsesnNtbelci CardNCurther .
oscillations appearing at.-the output termnal 12 of the arrival/dianmeter

sensing ci rCU'in;ﬁxﬁl&xE&ﬁit Veerén MhEl ©26a5 ok, 20813k OthBe EéMRina PPy 22
20 of a counter 24. " The counter. has output teriminals Cl-to Cl10. The _
counter count Sutii‘chpi,&aesedlmﬂdafSegaah times: as. both an input and an’
35 output, are only required to perform a single input or
output functipn-1n the particular.cipcuit shown. The

proqessdr H.also has power supply;tgrﬁinals,.clgck input

terminals etc. which are not shown in Fig. 2. . _ '&J_



éppears at count output C10. This signal is delivered to the interrupt

termnal P2 of the processor 4 in order to cause the processor to enter

§c | ve state.

Its

‘The processor then proceeds to issue on line 26 a clear

signal® which is delivered to.the . clear terninal 28 of the counter 24.

prockssor al so delivers on line 30 a signal for closing the gate.

The processor

4 then tenporarily opens the gate 18 for a predeterm ned

18. 5

The

duration. ‘The counter 24 is thus caused to count the pul ses appearing at
the output termnal 12 of the circuit 6. - The- final - count, which appears at

the count terminals O to C8, is noted 10 by the processor 4 which has

i nput / out put- termnal s connected to those count terminals , before the

counter 24 is

| h Th 4. h
i ch' e count | o SEETIHEE STt ohRABnLbBF R SR ERCCRAP™ AECrBmory 15

al ways stores

determ nes tha

exceeds the fifScddsdPrS tdifteR Pr

detected in r

sl R0 SN PGS it BulDl ot YaullE BhgCessOr

a coln S arrive e Ccol € second count

sponse to an |ncrea5|§?£%requenc
proceSSing operations are carried out . and the power

consumption is substantially reduced. The processor
can be switched back to an active state by aisignal-
on the interrupt terminal P2. |

o The validator is installed in a pay telephone.
Under normal circumstances the entire validator is
switched_off. _When the handset is lifted, parts of the

validator circuit, including the processor 4 and

.'arrival/diameter sensing circuit 6, but. excluding the

- material/thickness sensing circuit 8, are switched on.

5
N2
10
15
W,
20

. The processor 4 then executes an_initialisation
routine,ifollowing which a HALT instruction_is_executedf
so that'the-processor.enters a quiescent state._ |

| i The oscillations appearing at the output terminal

12 of the arrival/diameter sensing circuit 6 are

'_delivered via gates 18 and 20 to the clock input 22

of a counter 24._ The counter has output terminals c1 to

C10,' The counter counts the pulses until a Signal o

' appears,at count output C10. This signal is. delivered

~to the_interrupt terminal P2 of_the.processor.4 in order

to cause the processor to enter its active state. The

§&ehcgeaugPein wRRUA ng COIN i



20 appearing at the output termnal 12. Assuming that a coin has not been
tected, the processor 4, after clearing the counter 24, opens the gate 18
nd executes the HALT instruction. The processor 4 will then adopt its

qui escent state 'until a signal appears once nore at the count term nat,

C10. The processor is thus regularly caused to enter its active state. |nsJ}

order to determne whether or not a coin has arrived, and if not the

processor re-enters 5 -its quiescent ssBate. This may occur at intervals

of , .for exanple, 5 mlliseconds, -.the processor being active for =~ -10- a

perlod of l.ess than 1 n1II|second during each of these intervals. .The. :

average cur peptessosurhenoprofcads 40 cecemsrod 1ineh@§ kowledssuming that.
the arrival of a coin is detected, the processor 4 then continues to sanple

‘the frequensygoalthishgda dgiixsﬂe@;tn the cbearnuerminalTné of

the counter 24. The processor also delivers on line
30 a signal for closing the gate 18
5 _ : The processor 4 then temporarily opens the gate
18 forha_predetermined duration, The counter 24 is thus _
_caused.to.count‘the pulses'appearing at"the.output
terminal'12 of the circuit 6.  Theé final count, ._'i | U
which appears at the count terminals’ cT to C8, is noted L
10 by the processor 4 which has input/output terminals_
connected to. those count terminals, before the counter 24 :
is cleared by the processor. | | |
The processor 4 has ‘a memory into which the count .
is stored, the arrangement being such that the memory
'15 always“stores the prevzous count measured in this way.
The processor determines that a'coin;hasiarribed'°
at the coil'fb'if the second count exoeeds"the'firSt"
'by.more"than a predetermined numberﬁ Thus, a coin
is detected in response to an increasing frequency
20."appearing at the output terminal 12. |
| | - Assuming that a coin has not been detected, the .
.processor 4, after clearing the’ counter-24, opens.the
gate 18 and executes the HALT instruction:_3Thé'processor

4 will then'adopt its quiescent state until'alsignal'appears .



*frequency continuously increases until a peak is reached, follow ng which
frequency decreases until -an idling level is reached, after the coin _
.h&s left the coil. The 10 processor 4 recoghi ses and stores the peak and .
i'dle-levels, and thereafter calculates the ratio of these two levels in
oreegr to produce a dlaneter-lndlcatlng value. At sone stage, in response to -
detecting the arrival of a coin, the pracgssor issues on line 32 a signal .
for 15 operating apower switch 34. This causes t he power. supply to be
connected to the material/thickness sensor circuit 8. The processor 4 may
~be arranged to switch on the material/thickness sensor circuit 8
i medi at el y ®incer moke @dt dde mowit tterminalaC10f a coin to ensure that the
20 operation of circuit 8 has stabilised by the tine the coin-reaches
coil. 14. Al ternat T8 ProceSaEas s/etweqvherbmeeeeeﬂ konapter
~arranged to switch qn the CIrCUIt 8. after detection of the peak in the
out put frequéﬁ@yaﬁFiﬂﬁe5§ﬁﬁ%ﬂ R 2R =Y iéerﬁin$o§§F5b9rmﬁ§nn?ﬁe

- processor 25 as detect at_t ue ‘has dropped to an |d||ng
Pover. " % 2 eolRna® Baxinedy ndhott RSk TEY PeReeeabE st ngnher
' ) 5 - its quiescent-Sﬁate. This may ocour'at intervals of,
- for example, 5 milliseconds, the processor being

active for _




e mca spe e

arranged to check that the dianmeter value is appropriate for a genuine coin
o .a denom nation which the validator is arranged to accept before
swmitching 5 -on the circuit 8 In this way, the circuit 8 will not be

operated unl ess the coin has an acceptabl e dianeter, and thereby power . ;- -
consunptlon Is further reduced. Once the apaneter value has been - N

‘calculated and 10 ‘the circuit 8 switched on, the processor 4 issues a
ul ses -from

he Gireuit cioanr1SackErTebEoaREr 2R i setiind Bunind aAnL i Ghara ne
I s Thi 1
processor - i ssyesa @v ignal pRa %kgg?gg Egrggg% %g,%t qhmg’ekg‘a‘%’é %% t{}_&?rm ts 15

-the gate to pass pu ses from rm na V|a the clock -

i nput term ngdrgdeddot Nf £QUPKEE 24w.The counter 24 thus counts up at a
constant, predetermined rate. The count terninal's ClL- 'to C8 are 20

connected via resi storgsfimiNgRBha® ERSPEELHVAIPYMNES d¥) [ st or
network RO to R16 coupled’ bel?gween ground and ohe input 40 ng%}%%?dtor

12, TG, hrshapsesiasts couamanntinuds 18 S Shd Tl
potential di wfiethe isignah sppeantngt Aet tneStemimatl AR _Ol'ﬁté)f the count
| 'frequency continuously increases until a peak is- reached,
following which the frequency decreases until an idling
level is reached, after the coin has left the coil. The.

10 processor 4 recognises and stores the peak and idle levels,
and thereafter calculates the ratio of these two 1evels -
in order to produce a diameter-indicating value.

At some stage, in response to detecting the arrival
of a coin, the processor issues on line 32 a signal for |
. is operating a power switch 34. This causes the power supply

~ to bé connected to the materiallthickness sensor circuit 8.

| The processor 4 may be ~arranged to switch on

the material/thickness sensor circuit 8 immediately after'i

hthe detection of the arrival'of'a'coin to ensure that the
20_.operation of. circuit 8 has stabilised by the time the coin’

'reaches coil 14. Alternatively, to conserve power, the

gprocessor 4 may he arranged to switch on the circuit 8

7after'detection of the peak in the output'frequency of the

signa1 at -terminal - 12, or pOSSlbly when the processor 4 .
25 has detected that the frequency has .dropped to an idling

level.

]



12 - output termnals ClL to C8 will produce, at the input term nal 40 of
the conparator 42, a voltage corresponding to-the respective count

dt Iﬂ nal. The effect of this is to cause the voltage at the termnal 40 to
incréase 5 progressively in a stepwi se manner -as the count reached by the
couMer 24 increases. - The resistors-are of ghose tolerance to ensure an -

~even distribution of the voltages produced as the count increases. After
the processor issues the signal from 10 term nal P4 which opens the gate
38, the ternminal is switched so that it now behaves ‘as an input terninal.
As the voltage at the input terminal 40 of the conparator’42 increases, it .

N tuall t 't t .t | 44 § th t 8.
A this time, the 10¥ ok BIRENE ERRFRRSLSRS e SEQIRARaROQ BACHA <,

t hus cl 03| ng % %%% ggdcngg:‘*ergﬂ{lgvéhét \%g utlréles by rgachl ng the

counter nge 1 n logic e sent to termnal P4

of the proceSa?ﬁyr %MtEhfb?: ‘ae:aiéﬂ gngycBPﬁt g,_@f éghoﬂ‘- Pgiéeeq'ht’- h _The

|nd|cate 20 that e count out erm na rea
count “‘!' l%héi6H£H&8tofeﬁ%e%§¥é“§93 QE E@%ept before - sw1tching

5 - on the circuit 8. In this way, the circuit 8 will
not be operated unlessfthe coin has an acceptable'
diameter, and therebylpower consumption is further
AN  reduced. . |
. Once the diameter value'has.beenpcalculated and
10 the'circuitfa switched.on,.the processor 45issues a .
- signal on 1ine 30 to close the gate 18, so that no -
.. more pulses from the circuit 6 ¢an reach the counter 24.
| The counter is cleared, and the processor issues a
signal on line 36 to open a gate 38. “This permits .
N p *,15. the gate to pass pulses from the terminal P1 via the
| gate 20 to: the clock_input terminal-zz of the counter
o 2. o |
. ﬂdfihefcounter 24" thus counts up at a constant,
-Qpredetermined rate. The count terminals C1 to C8 are
20 connected yia resistors R1 to R8 to~respective points
. on a series resistor network R9 to R16 coupled between:
ground and ohe input-40_of'a'comparator 42. The other_
input_44 of the'coﬁparator'AZ is Connectedsto the Output
terminal 16 of the circuit-s. | |
_2$" The:resiStorstR1 to'R16_act as.potehtial dividers

_ in such a manner that a signal at any one of the count -



anal og- voltage at termnal. 16 of the circuit 8. The counter 24 is then
eared, the termnal P4 switched to behave as an output termnal, and the
ate 25 38 re-opened so as to pernmt the processor 4 to take a further

~ measur enent of the output- -signal appearing at termnal 16 of the circuit 8,

- 13- .The conparator 42 has an open-collector output so that this and t hew/#

terminal P4 can be directly connected te flRe-gate 38, mhereby each can

‘cont r ol gate 38, without interfering with each ot her . ‘The
processor 4 repeatedly measures the out sﬁggarlng at ernlnal 16, and -
det erm nes f putpuketermiagdsentt® ¢ ¥ gce, TAEsthE §BRBEhefore the

coin reaches the sensor cai

sensing the HGﬁEFFBFe48f°€h§h@gfﬁ%&%5%%&¥b %%PIélgéig?ﬁéngggrghéggaang
oLl gnuat o LOCERSeR gl bl Ukl | PonfR! BeRaRE bECRREDORE, (he
T TN
decreaS'Eg dﬂfoggesggvely in a stepwise manner as the. count- reached by
| u'the counter.24'increases. The,reSistorsrare of close
tolerance to ensuréian even distribution-of the voltages
.producea as the count increases;-- |
After the'proceSSor issues the signal.fr0m~'- . _\/;
10 terminal P4 which opens the gate 38, the terminal is
switched so that it now behaves as an. input terminal
As the voltage at the input terminal 40 of the comparator
42 increases; it will eventually-rise past the voltage
at terminal 44 from the circuit 8.. At this time, the -
15 output of comparator 42 will sw1tch logic levels, thus
| closing gate 38.and preventing further pulses from
reaching-the counter 24. This=change in logic levels
'gwill'also be sent to terminal P4 of the processor 4, _. ._\):
.7-which{is aetected by thenprocessorWA.andtused,to;indicate
20 thaﬁgthe;count“output terminals C1 to C8fshould be read._
Theacount-will be a digital-representation of the’
analog voltage at terminal 16 of the circuit 8. |
- The counter 24 is then cleared, the terminal P4
”_switphed to behave. as an output terminal, and the gate
25 '38 re-opened so as to permit the processor_4 to;take-a
further measurement,of the output signal appearing at.

~ terminal 16 of the circuit 8.



*coin leaving the sensor. The processor then averages the stored val ues,
peferably ignoring the nore recent neasure- nents so that the val ues used

::_(Sresent measurenents taken when the coin was substantially at the

“md=point of its 20 travel past the sensor. For:exanple, the processor
meyp_pe arranged to take the average of thet3i+st, say, four of the |ast
twel ve neasurenents. O course,.instead of. taking an average neasurenent

by summing a predet ermheecompaPatoe! 42ahaes aandpehsitodilectiong dut putat
nunber, so as to compare 25 the resulting value'with a stored range, the
processor  sé&othalt stivps yandnthéeteziniaalWpPidhean tieviddireg tiliye connelcttedt he
‘stored ranges would be correspondingly greater. The ratio of the idle and
peak val ues ts the egat@edl8 i nwhedebyt eaghodase cantiviodk igate/ 3@t e widhoud _
i ndicating value. The idle value is neasured before the peak.so that the -
deci si on as inte¥femitng awithcepeh e&hest gate shoul d be opened can be made
very soon after the peak has been reached, and therefore lLittle space is
" requi redSbet ween t he TRf|PHOCRRAOFhiisT§REALteddy. measures Lher QUEPME of the
thi ckness/ material, testjng operation, th ircuit 8 is switched off, the
count or 24 | SPRATHS ShCRTBLARL 108 POG, BebEERIBeS, EROM Fhese |
' measurements the idle value. This is done beforé.the
" coin reaches the sensor coil 14, and may be initiated
by the circuit 6 sensing the departure of the coin from .
\4.” 10 cqil 10. Then as the attenuation increases_du:ing the
movement ofgthe_cpin past‘theﬁSensor,_ﬁhe_peak'value of
' the“signal.is de;etmined.~ This is preferably_achievéd.by
storing succeSs;ve.deasurement valugs. The prpcessor
detects when thésé values alter'in such a:manner.as to
15 indicate that the attenuation is decreasing due to the
- coin leaving the sensor. The processor_then averages the
stoﬁed values, preferably iggoring the more recent measure- |
_ments so that thé.vaiues used represent measurements taken
Ky/ ' when the coin was substantially at the mid-point of its
20 travgiipaéﬁ the sensor. For example, the procesSor may be
arrangé&'té_take the average of the first, say, fbur of the
" last twelve meash:éments. Of course,. instead of taking
‘an average measurement by summing a predetermined number of

. values and'then dividing by that number, so as to compare

25 ‘the resulting value with a stored rahge,.the prdcesSor



.the pul ses appearing at output termnal 12 of circuit 6 to reach the

unter 24. -15- For each of the denom nations of coins which the
lidator 2 is designed to accept, the processor 4 stores information
defining a dianmeter range and a material/thickness range. For exanple, the

5 processor -4.may store upper and |owerqljimits of the respective ranges, \,s

or alternatively. may store a single value from which t he processor .can
calcul ate, using a stored.or- predeterm ned t-ol erance, the appropriate

range. 10 . The processor 4 conpares the two neasurenents i.e. the’
di amet er Valclo%l%n%itngﬁa} Bffrens URIGEE 2 EALUE o ELE: 1Y the
respective COI NS eterm nes c0|n 0

parti cul ar %%%0@e&téd)r}mfeQeﬁauiacsavesrrbkpwdm@w%srear@é 'wth' n the

approprlate
- C The ratio of the idle and peak values is.

5determihed in order.to produce apthickness/materialj
5 indicatiﬁg“value;'tThe'idle value is'measure&_beforel
the peak so that the decision as'to;whether'ah'accept/.
reject'gate should'be openea"Caﬁ be'made“ very7500n"
after the peak has been reached, and therefore little-
space is required between ‘the’ coil 14 and this gate.'
10 ' At the end of the thickness/material testing
- operation;-the'circuitfs iSZSWitched'offf'the'countera'
24 is cleared and the gate“18'is=re-opened'to'allou'
" the pulses appearing at output terminal 12 of circuit

6 to reach the counter 24.:



?anges for that denom nation. In that case, the processor 4
proguces on ane or both-of data lines 46 an 5 ACCEPT signal, and on lines
148 bi nary S|gnal i ndi cating the denomination of the coin. The coin
vallaator 2 is'intended for .installation in various types of machines, e.g.
gam\ag machines. In sone of these, it is desired that the machine be
capable of 10 accepting a first range of cQai g (e.g. 5p, 10p, 20p and 50p
U. K. denomi nation coins), and in other machines a different range (e.g.
10p, 20p, 50p and 1 coins). "To cater for this without requiring

di fferent types of validator to be manufactured, the validator is arranged
15 to recognise all five coins and generate ACCEPT signals on lines 46 in
accordance with the range of coi'n denomn- ations within which a received
coin lies. Thus, if the denom nation of a received coin falls within both
ranges (e.g. for 10p, 20p and 50p coins) an ACCEPT signal is 20 generated
on both {ines 46, and the coin denomination indicated by the data on |ines
48. - If ‘the coin denonina- tion |lies in only one range (e.g. 5p), then only
one of the lines 46 (Eorregsbnéﬁnghﬁadanuminﬁtﬁpmﬁ ofnooims whicH7-

the_validator 2 is des;gned to accept, the processor
4 stores information_defining a diameter range and a
material/thickness range. For example,_the
KJ’-. 5 processor 4 may store upper and lower limits of

| _the respective ranges, or alternatively may store
a single nalqe from which:the-processor can |
calculate}.using a.stored or predetermined'tolerance;
the appropriate range.

o 16 . The processor 4 compuns the two measurements,

| : i e. the diameter value and the thickness/material |

value, w;th the ranges for_the respective

- coins, and determines



ations) carries the ACCEPT signal mhlle t he Ilnes 48 carry data

representing the denomination 5p. When a coin denonination which bel ongs
only to the other range is received (e.g. a 1 coin), the sane data on Ilnes
8 can 5 be generated, but. this time - the ACCEPT signal is

generated on the other of the |lines 46. Accordingly, the sane validator oam_
be installed in any of the above typesgof _machines, and.in each case it is
merely necessary to select which of the [ines 46 is to 10  be used in _ .
accordance wi.th the range of denom nati ons which the machine is intended to

accept. There is a danger that the processor 4 may "hang- up", i.e. may -
cease to operate properly, for exanple due to electrical noise or inter- 15
- ference. Tothabmajvqi&ﬁnomin efueepanhiawliar deneminapient has, bego

val i dator 2 has a reset fulse qﬁnerator 50, which produces a pul'se of.

predet ermi ned FeRgiNedo +Esdiot e";?f:'d%%s drrld | r‘l’itqib“bvéme tﬁ&?"&ﬁi’iéﬁé of -
th dit di { t
above, ‘the out BAREBE cABR: ot mARNORRR Yt Soaeq t SRRty gnigﬁ'gﬁgi?‘-gﬁo;
t t:t | P2 of 4. which t t .
A R R TR A R A T Ui
faulty ope at'REcEPTtQQgﬂaﬁceﬁﬁaron 1ih3s %%eaP%&WH%&‘@1@Baﬂ93naicskiﬂred

and wi |l | nt i hue
the denomination of the ooin.

The ooin validator 2 is intended for installation in; L
various tYPes of machines, e.g. gaming machines.--in.some i'\“a;'.
of these, it is desired that the ;mao_hine.be' capable of
10..accepting'a firét'range'of-ooins (e.g. Sp, 10p, 20p and
' SOp U.K{”denomination ooins), and in other machines a
. different range (e.g. 109, 20p,- 50p and £1 coins). To
eater for this without requiring different types of
validator_to be manufactured, the validator is arranged
15 to necognisefall'fiVe coins and'generate"ACCEPT signalsf':
on lines 46 in aocOrdance with-ohélnange of coin denomin-
-apions,wiﬁhin'whioh a recei?ed'eoin-lies, Thus, if the 'QJ;
denomination of a received coin falls within both ranges
7(5 g}' for 10p, 20p and SOp coins) an ACCEPT signal isn.
.'20'_generated on both lines 46, and the coin denomination
indicated by the data on lines 48. If tne coin denomina-
-_tion_lies in only one'range (e.g. Sp),ithen:only one of

the lines.46'(cornesoonding to that range of denomin-



¢# -18- count in response to pulses from the <circuit 6. Eventually, an
output signal will appear at terminal C9 of the counter .24, and the
i mul t anequs appear ance of signals at termnals C9 and ClO0 will be detected
Y P -8 5 gate 52, which will deliver an. activating signal via a gate 54 to
thg;circuit 50 to cause resetting-of the,processor 4. - 19 - The gate 54
has"two further .inputs connected to réngcTive detection circuits 56 and
58. Each of these receives a signal at its input and del ays that signal
but the signal a$jomsd acarniesuttphe A&QCERT signalhahidmut thegidindsashé.
- for nore-than a predeterm ned anount of tinme. G rcuit 56 is connected to
the clear tern garrysdata; Rerresending the,depsminationeSn.ssHhgg & ePénal

to clear.th ter th ' denly begins, t haye i tly,
Lhe signal at ¢ ASTORAREY R, WBbeh, et anES 8R4 1th ot BEL OHgTyAARERALE

shoul d, and-

1

-  rece;ved (e.g. a £1 coin), the same data on lines 48 can
5 be generated, .but this time  the ACCEPT signal is.
_ generated on"the'othei of thé lines u46.

Accordingly, the same validator can be installed in
any of the abové.types of machines, and in each case it
is mérely ﬁecessary to select whieh of the lines 46 is to

10 be used in accordance with ﬁhe range_of denominétions
which the'machine_is intended to accept. h
'  There is-a danger that the: - T
proeeséor_ 4 may "hang-up", i.e. mé.y cease_' to operate
. properly,.for example due to glecfpiéai noiée or inter-
iS férence.' To avoid prbbiems céﬁse&"by ‘this faulty
operation, the validator Z.ﬁas'a reset pulse generatar
.‘_'50, which produces a pulse of predetermined length to
reset the prbcessor y inlthe event_that any one of three
-L*/ ' __. conditions indicative of "hang-up" occurs.
| 20 B - AS'mentibned above, the output of counter terminal
-cjo is u#ed-tb deiivef_a signal to interrupt terminai_PZ
Qf.brOcessér.u, which causes.the-pbocessor té issue a
signal on line 26 to clear the counter 24. ' If this does
not occur, due to faulty operation'offthe proeéssor.ﬁ;_

25 the counter will not be eléared and will continue to



this will be detected by the circuit 56 which will issue a signal via gate
4 to circuit 50 to cause resetting of the processor 4. The circuit 58 has
Lts input connected to the 15 I|ine 30 which carries the signal issued by .

the processor 4 to close the gate 18. The longest tine for which the gatg>

.18 |s cl osed occurs when the processor-|$aneasur|ng t he out put of C|rCU|tx¢;_"
- 8. " The delay of circuit 58 is set to be longer than this time. If the

processor 4 20 beglns to behave |ncorrectli durlgg t he thlckness/nate |aI
measuri ng oper eﬁ?% ahB t Fespanse g 4o usPRLABRns ITPTedhd hiaingyit

e e a1 97, ARG, S VBt AR OB 4

I
Cerminal P2, i e””@‘o’rre*@“@% o2 %84 spe. FmfLedtfo %g%%”?? p%ﬁ%fsiﬁr
4 I's arranged tgy ngﬁ»?éo 1§ a¥ ind 74 €¢§ahnl 3(9?0"‘4}'15.9. E’B@Caﬁteb%dt'ﬁ

arrival detect|o utine. r|n the“interrupt routine € processor 4

checks to see t&ﬁetééseﬁﬂiaﬁﬁ vﬁnlaaan%r dd. 48€YvatengOlsighRaduss te

mai n routifie was
gate 54 to the circuit 50 to ‘cause’ resetting of the

processqr 8.



*not being executed properly, the processor 4 executes an instruction which
caguses it to be reset. The validator is preferably made in such a way that
t\e coin neasurenments which are nade produce fairly 10 predictabl e' results.
-for>gi ven denominations, so that the paraneter ranges stored by the
proggssor 4 do not have to be specially worked out for each validator
However, to accommpdate slight variations bt+een validators, and changes -
in a partlcular val i dator due to ageing or drift, 15 the sensing circuits .
.6 and 8 can' be adjusted in respect of frequency and/or gain to vary their
outputs. To facilitate the nmking of adj ustments, the processor 4 can
be switched into a test nmode by . connect-_ing a |ink 59 between a power

supply rail -and- th$h2093585§§bm€qrﬁﬂﬂ furthen 1pguts, FeRnectedi nal is
T e oot AL BALRR R i B AL s A B S 0
0L T g oy NN G T
denon1nat|onsignal but the signal appears at ‘the output only lf
5  the input signal lasts for more than a predetermined
amount of time. _CircuitpSS is connected to the clear
- terminal za_of.the connter 24, so that if after issuing
~  a signal to clear the counter the processor suddenly begins'to
behave incorrectly, the signal at the clear input
10 terminal 28 will persist longer than it should, and
_this will be detected by the circuit 56 which will issue
a signal via gate 54 to;circuit:so_to canse_resetting'
of the processor 4. ) | ._ |
_ The circuit 58 has its input connected to the
15 :line 30 which carries the Signal issued by the processor 4
_;to close the gate 18. The longest time for which the.
gate 18.is:closed_occurs when the processor.isumeasuring'_
theiodtppt.of_circuit_s, The delay_oﬁhcircuit 58 is
-;setltofhe,longerithan this_time.i_xf_thelprocessor 4
- 20 hegins,tc behave incorrectly during the thickness[material'
measuringhoperation, and the_gatem18'thds remains closed,
. this will be detected by the circuit 58 and'cause '
resetting of the processor.
) Even if the pr_o.cfes'so‘r'._4 begins to behav"e_improp'erly,

':25_ it may nevertheless exeCute an'interrupt-routine,'initiated o



= Te Sy s .,

(e.g. 10p), and determ nes what signals are produced on the data |lines 46
and 48 in response thereto. = The 5 Inserted.coin is preferably specially
(%elected so that its properties are of an average value with respect to the
normel variations expected of coins of that denomina- tion. The processor %4
operates as described up to and 10 |nclud|ng t he obtalnlng of digital *a¥§'
val ues representing the nmeasurenents ma by - the sensing circuits 6. and 8.
At that tine the processor ‘checks the ternlnal P5, and if this is found to
be high the processor -then executes a t est routine-instead of conti nuing
with the validation 15 operations described above. In the test routine,

the values derived fromthe sensing circuits 6 and 8 are conpared with a-
speci al set of by "thet sigmaijesel ivemal etd ‘texmindl hP2t,hdn nai rirrect
acceptablllty ranges. These .test ranges correspond to 20. the ranges used
to determ ne wmanmeran E@ce&tﬁ%@@b &dils o$ituaklopar theul procersmi fladison -
(e.g. 10p) has been received, except that they are narrower than the -

accepta-- bilitpnranged %9 38k a caumhggeoft hotsméélssfdlaso Fhide execia 25 |

P i nes 46 and 48 is in a different format, and_has.

ing the arrival detection routine. - During the interrupt
: routine,“the'processor-u checks to see that;these flags"i
5 ,sre set. Iflthéy are not,ibecauSe'the main rontine was'
‘not being‘execnted“properly,ltne'processor i executes'an-
instruction which causes it to"--"b’e‘ reset. = |
The validator is preferably made in such a way that.g”
the coin measurements which ‘are made produce fairly.f..
1:10 predictable_results for given;denominations, 'so that the
| paraneter”rénges'Stored by the processor U do not have to
beﬂspccialiy worked out for each'validatorl‘ However, to-
~accommodate - siightffrarietions‘5betWeen'-ve1idators,'gandi
-*chengeS'in'a particular“validatorhdue-to'ageing or'drift,_
15 the sensing circuits 6 and 8 can be adjusted in respect.”
"of frequency and/or gain to vary their outputs. “jS
S Te facilitate the making of adjustments, the |
iprocessor 4 can be switched into a test mode by connect-
_“'iing a link ‘59 -between a power: supply ~rail ‘and the
© 20 teStabie-input terminal'Ps;"whiCh'terminal is normallj'
held at a low potential by a resistor R17 connected to_
ground. At the same time, the operator connects a dev1ce
"‘to the data lines D to display the potentials on these

lines.--



*22- different nmeaning, fromthe outputs in the normal valid- ation
operation. In the test node, if both neasured pro- perties upon

sertion of the coin are within the respective test ranges, a
%Igh4L6V6| logic signal is 5 applied to all the output lines 46 and 48.
| f Rﬂﬁ val ue derived fromthe sensing circuit 6 exceeds or falls-below the
respective range, the lines 46 are caused®to-carry a binary value of "10"
or "01", respectlvely Simlarly, if the value derived from sensing
circuit 8 exceeds or 10 falls belowits respective test range, the val ue
produced on lines 48 is "10" or "01", respectively. An.output value of

"0000" on |ines 46 andted iswieSRINgd ther ilidaiops Inri;o\/\/f\iri%q t &€t SRBALNY
circuits 6 and 8 produce incorrect values which are clearly not .due nerély

‘to poor 15 adj thlemoperator. ivderas r£s8in Nef {4 OparvRcalhpSdbAbAINECI 6L ed
at the same tinme, a poor coin flight path, etc.) .so that the operator wll

be able to take(apgnomﬂpﬂﬁaanﬂldeteﬁhﬁneslmhatuhﬁgna&sFage pPodutée¢ on
arrival /dianeter 20 sensing circuit 6 conprises, tthe coil 10 - connected in a
Col pitt's oscil theordatacdiines | #6t hangarlt§ cdnarrespbnge whareto usedThere,
an anplifier formed by a transistor 60 has a feedback | oop including the
c0|I 10 Conﬁectégserted coin is preferably specially selected so that
its properties are of an average value with respect to
the normal variations expected of coins of that denomina-
tion. | _ . |
| The processor ll operates ‘as described up to and
10 _including the obtaining of digital values representing.
'-the measurements made by the sensing circuits 6 and 8.
..At that time the processor'checks the terminal PS, and if
'this is found to be high the processor then executes a'
| - test routine instead of continuing with the validation
| 15 'operations described above.
| | In the test routine, the values derived from the--
'sensing circuits 6 and 8 are compared with a special set
.of~i "test ranges", | instead of with . _the " normal
.acceptability ranges. These test ranges correspond to
20 the ranges used to determine whether an acceptable coin
" of the particular denomination (e g- 10p) has been
ireceived except that they are narrower than the accepta-
_bility ranges. |
B In the test mode, the processor 's output on. data

25 1lines 46 and 48 is in a different format, and has a



between its coll ector and base. The coil 10 is connected 25 in series with
an adjustnent circuit conprising variable resistor 61 connected in parallel
Wi th inductance 63. -23- Capacitors 62 and 64 are each connect-ed _

etween, on the.one hand, a respectlve end of the circuit formed by =

&

conponents 10, 61 and 63, and on the otrh@?2 Wand, ground. The variable -g,._'

resistor 61 is used for the adj ust ment made 5 during the test node.

* Resistors 66, Gﬁi??ﬁregtah‘aeaﬁri%‘ﬁ dachdipredd antihteLh' el A phafOvi ie-

- conduction.: oad on the transistor 60 1s distributed etmee
col l ector inpedgnen 6peraedohy aIneshset pase ﬁ’bdé@di@nbbﬂﬂuﬁééﬂﬁﬁe&Lpr@ﬂd 10

the resonant circuit forned by.the conmponents 10, 61, 62, 63 and 64. 24
Thus, the. outppbrtdbsagapeppeansegtammossfth¢hmapamﬁhnra@% | @idRpandené to.
a Iarge extent -on the fixed i npedance . RL and LL.. Thus, although the
passage of a coespective test ranges, a high level logic signal is
5 applied to all the output lines 46 and us 'If the value -
:fderived from the sensing circuit 6 exceeds or falls below:
- the respective range, the lines us are caused to carry a
:binary value of "10“ or "01"' respectively. Similarly,
if the value derived from sensing circuit 8 exceeds or
10 falls below its respective test range, the value produced"
on lines 48 .4is "10" or "o, respectively. An output7"”
 value of “0000“ on lines hd and 48 is reserved for
situations in which the sensing circuits 6 and 8 produce_.
incorrect values which are clearly not due merely to poor
15 'adjustment (e g. values resulting from two coins being
o detected at the same time, a poor coin flight path ete.)
so that the operator Wlll be able to take appropriate
'action.' | | | o
i “ Referring now to Fig. 3, the 'arrival/diameter i;l'
26 _sensing circuit 6 comprises the coil 10 connected in a
, Colpitt's oscillator circuit. In the particular config-
turation used here, an amplifier formed by a transistor 60
has a feedback loop including the coil 10 connected
lbetween its collector and base.; The coil 10 is connected

25 in series with an adjustment circuit comprising variable

':resistor 61 connected in parallel with inductance 63



~——

» in proximty to the coil 10 will cause sone attenuation 5 of this
vol tage, the degree of attenuation will be relatively snmall, because the
QOad i npedance. does not change, conpared with a circuit such as those used
n the above-nentioned British Patent Specification No. 2093620, in which
t-be :coil is connected to the collector gurrent- 10 path and therefore has a
ve substantial effect on the out put =véit dge. The incorporation of
i nductance LL increases the stability of the output voltage with changes in:
frequency. Accordingly, the circuit 6 can be arranged.so 15 that it
normal |y consunes.-a-low | evel -of current, but nevertheless will provide an
out put si gnaFaRaritens |62 n’mddﬁéappeacaebeﬂomeﬁt&dc&etW%mnOcﬂ dhe

proximty ,to the coil 10. This nakes the circuit particularly suitable for
‘use as an areR% d1andngd n’?%ﬁ?%’ﬁil’e gpdopf FBGU&éIG@étt aﬁ%‘"}ﬁﬂ/\éw

consunption, the circui i onet abov used for neasuring
pur poses. I‘E ORRANaRLH, #Q)'unﬁﬂt g‘aﬁ% t A8 CBPI P§ S‘éai/ Senged for
di anet er ur emen nd_th [eque out ut rath t.he

anpl i tude i's e‘ﬁf“’#ﬂbfﬁeé"tﬁ%‘é‘?ﬁ ﬁ fcaés'é§e Ly & dg"’ eﬁ‘ﬂ%ﬁ%‘tl"ﬁ‘? €an be -
achi eved V\AtM{H‘) s‘_ﬁ,[reeil_eog)éqgoeégtl ng current as |s used for arrival o

senS|ng
Resistors 66,.68 and 70 are provided for biasing

the transistor 60 into - conduction. The load on the
transistor 60 is distributed between a collector impedance
| ' (formed by a resistance RL and an inductance LL) and
10 _. the resonant circuit formed by the components 10 61, 62,
63 and 64. |



-25- A nodified version of the above enbodlnent wi Il now be described with
particular reference to Figures 4 and 5. This nodification forms an

nmbodi nent of the present invention which operates in a sim.ar manner to
the 5 validator described above, and simlar reference nunbers will be™.
used for simlar parts, except for the ggints set -out below. In the IR
previously described enbodinment the Sefising circuit 8 produced an out put
whose anplitude was sensed 10 in order to provide an-indication of the
material and thickness of the coin. In the-enbodi ment of Figures 4 and 5;
‘the sensor is used fhysovkle rQuERUEUVRLEadRI ERPEPATINGI GF P&t I‘Shedependent .
upon the material of the coin, :and somewhat | ess dependent upon thickness.

1'n .this cas€aPpcitqy @2 4% Q%e’éﬁﬂ‘% %2 ankarge. ntonether fded, s
Soengenay Tl dasnd L oot BhiE: rafRnd ﬁg’e%vﬁnsf&%%%r U "SR of

bur poses. "o FRbhdaiey ta the cotffo wi11' Bhuse SRS YitLilation

5 of. this voltage, the degree of attenuation Wlll be
| relatively small, because the 1oad impedance does not
1change, compared with a circuit such as those used in the
bove-mentioned British Patent Specification No 2093620,
‘in which the coil is connected to the collector current L \‘Ju
10 path and therefore has a very substantial effect on the ' -
output voltage. The incorporation of inductance LL
increases the stability of the output voltage with
changes in frequency. |
Accordingly, the circuit 6 can be arranged o]
15 that_it normally consumes a low level of current, but
| nevertheless,will provide an output'signal which will
':not disappear even when a'coin is in close prorimity |
.to'the'coil 16._ This makes the circuit particularly _'.' .'-Q;)'
suitable for use as an arrival senSing circuit. To. ”
éo reduce cost and power consumption, the eircuit is, as
'mentioned above, ‘also used for measuring purposes. It
has been found that if the coil 10 is suitably arrangedl
for diameter measurement, and the frequency of the output
: rather than the amplitude is used for measurement purposes,
'25 good discrimination can be achieved with the same low

operating current as is used for arrival sensing.



~ 26 - however in the present enbodi nent the frequency of the output is
used as an additional measurenent. |In total, there are therefore three
ireagurements, which are conpared with  reéspective. stored ranges, and
as ’'a, 5 consequence- of this the rejection of non-genuine coins is made
much~nore reliabl e. Figure. 4 shows .the cirguit 8.  Although this will be

- described bel ow as part of the validator ciTcuit: of Figure 5, it is
possible alternatively to use it within a 10 circuit simlar to that of
Figure 2. - 27- The circuit 8 has a standard oscillator configuration,

using a transistor 1A0modThted\Wwepsibs &# 8Rd AbHoveRimboddmBnitNwill ;
field-aiding relationship,are connected in series with each other an Mﬁth-

a vari abl e i ndube adeséribéd EithTbarmﬂdwmamﬂﬁeferenceﬂﬂﬁwtE@ur@stheand
collector path of the transistor 100. The emitter path includes a variable
resistor 104. The olkpstmodifheationuforssi ani edbodiménst of06heapeesentaken
fromthe collectorof.transistor 100. .As a 10 coin passes between the
sensors 14 and gqven5§@m hdich operates in a similar manner to the
5 validator described above, and similar reference numbers
will be used for similar parts, except for- the points set'.
- out below. | ' _
In the'previously described;embodiment; the sensing -
= circuith_produced an output whose amplitude was sensed'
150 in crder to provide an ihdication'cf.the material and
'thiekness_cftthe coin;-=in.the‘embodiment of Figures &
and 5,'the-sehsor is used for providiugfan'cutput which'
is predcminantlj dependent upon the materiai cf the ccin,
~ and somewhat leSSIdependent upou thickness; Iu this case
15 .  there are twc coils 1u.and 14' (the latter of which is _.
shown in phantom in Figure 1)-positioned on respective :
‘sides of the eoin passageway. As in the earlier embodi-'
W ',-'_"ment; the amplitude of the output of the sensing circuit _
' | aji_;fis ' used ' “for measurement ; purposes,
20 '



frequency and anplitude of the output signal vary. These paraneters can be
ad usted using the variable inductance 102 and the variable resistor 104. -
Preferably the frequency is adjusted first using the 15 variable o
i nductance 102, as this will "also have an effect on anplitude. Referring,to.
Figure 5, in this, enbodinent the m croprocessor 4 is of the Mbt or ol a "680%"
famly. This has a plurality of ports which can be used-as input or output
20 termnals. In the arrangement shown, terminals I1to |3 are used as_
input termnals, and terminals 01 to 011 are used as output .-termnals. The
m cr oprocessor has an internal counter whgéh-can be cl ocked at regul ar
intervals so that it acts as 25 a tiner the operation-of which can be
initiated or halted by the application of a signal to terminal T1. - Alter-
-28- natively, . the counter canh be used to count pul ses appearing on -
terminal T1. = BRWeVER: eithabheopresents emhadiment atheof requensyniaf BHeof
Figure 2. The m croprqcessor. 4 can operate a switch 150 5 which
selectiveIy-dePP&BPgsgﬁbqﬂﬁQHﬁsrﬁﬁsggdgFlgﬁﬂliH@asurement' - In total,

~there are therefore three .méasurements,f whiéh ‘are’

. compared with respeetivéf_stored ranges, and ‘as a
5 consequence of this.the rejection df_non-genuine=eoin$ is
made much_moﬁe_reiiable... : | - |
F;gute,u shows the circuif-al_ Aifhéugh this_will be
._desqribed-'below' as-apart  qf' the . validaﬁor_ cifcuit;'of
Figure 5, it is-possible altenhéti#e1y~to-use-it within é
10 eircuithsimilar to that of Figure 2.



Tircuit 6 to a divide-by-four circuit 152 formed of two flip-flops. The
outut of circuit 152 is delivered to the termnal Tl. The internal

counter can thus be used for counting pulses fromthe circuit.6 and hence
10 :neasuring the frequency of the output. The states of the flip-flops in
cireyit 152 are detected on input lines 12 gﬁdiIS so that two extra bits of
resol ution can be achieved. Wen counting i's commenced, the circuit 152 is
released fromits set state by changing the signal 15 appearing on.out put
termnal 05. After t he neasuring operation, the circuit 152 is held in a
set state whichhg Icé\mltilteﬁ has a @rhanﬂaardl'losmllle&'mlvecmﬁegumgmn,s, as

will be describe artl ul ar; e out ut. of se C|r
delivered via &f Pﬁe? EPB FG?ESQ@ Iqﬂﬂjﬁﬂéf %(ﬂwﬂﬂﬁﬂh'Tl :
s, case the

so that the: fre uency be .neasur ed th

Sl e o o SRR £ 268 3 ARl %%q\%%&say&@%omnﬁteﬂn B 1as o
oL 2 Substanti giLy, LV oResvgRey AL f Wt Unaucedice T2 CULPUL O

the sensing circuit i vered Vvia rectitTyrng ci 156 to. a’
conparators The inductances are connected in the collector path of

the transistor 100. The emitter path includes a variable
resistor 104. | o | o
~ The output of the circuit 8 is indicated at 106,
O o and is taken from the collector ‘of. transrstor 100. As a
10_'coin passes between the sensors 14 and 14'; both the
frequency and amplitude of the output signal vary.
These parameters can be adJusted using the |
: variable inductance 102 and the variable resistor 104..
Preferably the frequency is adjusted first using the |
15 variable inductance 102, as this will also have an effect
on amplitude. | o
| o Referring to Figure 5, in this embodiment the
-i,/ | | microprocessor 4 is of the Motorola 6805 family This has
| a plurality of ports which can be used as. input or output
20 terminals._ In. the arrangement shown, terminals I1 to |
I3 are used as input terminals, and terminals 01 to 011
._are used as output terminals. - |
| The microprocessor has an 1nterna1 counter which |
can-be clocked at regular intervals SO that it acts as
25 a timer the operation of which can be initiated or_halted o

by the application of a signal to terminal T1. Alter-



58.

Charging circuit 160 can be switched on or off by an output termn nal
.~ the microprocessor 4. In operation, in order to nmeasure the-anplitude of#ﬁ
~ the output of sensing circuit 8, the migroprocessor 10 switches on the =
charging circuit 160 and at substantra? y=“the sane tine starts the |nternal _
‘which is acting inits timer node. This causes the voltage on the
162 to rise linearly. As.soon as this voltage equals that from

- count

caﬁacitor

R T R

Anot her input of the conparator 158 is connected to a junction .
etween a constant current charging circuit 5 160 and a capacitor 162. The

er,

t he rectlfylng circuit 156, 15 ‘the output -of conparator_ 158 switches
‘polarity, n#tivels,. dehe geaneri gp0t beeMFeash|tq 1°°“"|T'|ep‘|'73r%€'%pr ocessor

senses this, and detern nes the count reached e'internal tine whi ¢h
is d|@IxﬂaRRﬁﬁR*ﬂﬂn%ﬂ|§ﬁF%ﬁn?heTénplTP&&e*ﬂ:Q$ﬁ9£ ?é

8. 20

' ' Th t of 158 del dtothet
terninal TR RLAGE en‘?g E}g‘%]o%é)‘ég Frcgatn‘%%r%t SEYR t%hslmel I-v‘(la'[]?s i g toeenlsg‘retra

EPIRE L2nds

that the operation

corrpar ator 158 Char?gfe% tgf%%%ggéfﬁ v0| %’ n%%réé X%L%Zjdg%ﬁ ptgheOfZSt hSe.l ay
&M ﬁ»élf’fét?%ﬁé’é%ﬂéf} &sﬁ%&gg ¢hiae q@w pﬁ‘lééé‘té’f aéeﬁemanal 11

in th
_and t
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circuit 6 to a divide-by-four circuit 152 formed of two

- flip-flops. The output of circuit 152 is delivered to
'the terminal T1. The internal counter can thus be used

- for counting pulses from the circuit 6 and hence

measuring the frequency of the output. The states of

the flip-flops in circuit 152 are detected on input lines

- I2 and 13 so that two extra bits of resolution can be

- achieved.' When counting is commenced, the circuit 152

is released from its’ set state by changing the signal
-appearing on output terminal 05. After the measuring
operation, the circuit 152 is held in a set state which

allows the input terminal T1 to receive other signals,_

as will be described.'

In particular, the output of sensing circuit

8 is delivered via another microprocessor-controlled

mswitch 154 to terminal T1 so that the frequency of this

| output can be measured. In this case the divide-by—four

circuit 152 is not reguired'as~the coils 14, 14" are

driven at a substantially'lower'freguencflthanlthe-COil 10.

‘02 of

circuit .



*- 30 - Thus, the internal counter measures (a) frequency of output of
sefsing circuiit 6, (b) frequency of output of sensing circuit 8 and {c) :
Eanplitude of output ofy sensing circuit 8. 5 ' - The circuit operates -
‘substantially as described with reference to Figure 2. - However, after the

CoOi. tarts to leave the coil 10, the m-croprocessor 4 first measures the - -

anpl1tude of the output of sensing CIFCUII2§, then nmeasures its frequency
and then once -nore neasures the 10 anplitude The two anplitude
measurenents are averaged to obtain the idle anplitude value. The

f : t t
regquency measurenen eque A dgye{hg #ééiﬁ eggtxukgng &gnglgga any

slight fluctuations in not. a he resul

Subsequent |y, d%ﬁBth%Qﬁvm%@%P&%m%Ef¥iﬁ§ éﬁﬁ@@i&thstﬁoea coﬁﬁaiQ@or T
coin-enters the-space between coil 4 and- 14", the anplitude will start to -

‘decrease. SuCqEBSi VArdEHdr UlHUERASE ! ERENéSmpafateaPabedisasenneseedhe
anpl i tude stops decreasing, a-frequency neasurenent 20 is nade.

Thereafter, atouecdasiction Hetuwdei anponstaet neasveatecharging neitecuind
when t hey |nd|cate that the coin is leaving the coils 14, 14', a plurality
of these 5 160 and a capac1tor 162.The charging circuit 160 can be
| switched on or off by an output terminal 02 of the
.microprocessor 4. | |
| In operation,-in order to measure the amplitude
of the output of sensing circuit 8 the microprocessor
10 'switches on the charging circuit.150 and at substantially o
the same time starts the internal counter, which is .
acting in its timer mode. This causes the voltage on
the capacitor 162 to rise 1inearly. As soon as this
voltage equals that from the rectifying circuit 156, -

115 the output of comparator 158 switches polarity, which is
' .detected at input.terminal 11;- The microprocessor senses
.this, and determines the count reached by the internal

N '-timer, which is digital representation of the amplitude
 of the output of sensing c1rcuit 8. _
20 '”*frff The output of the comparator 158 is delivered
‘to the timer terminal 1 via a microprocessor-controlled d
'switch 164. This is to’ -ensure that the . operation of the
timer 1s halted immediately the output of the comparator'
.158 changes state, this avoids problems caused by the
25. delay in the microprocessor first detecting the change

in state at terminal I1 and then halting_the timer.



measurenents (preferably excluding the nost recent neasurenents) are
veraged to obtain the peak anplitude 25 val ue. -31- This operation

gi ves rise to three nmeasurenent val ues, each conprising:the ratio of an _
idle value with the peak value, which are conpared w,th respective ranges .

to determine whether the coin is valid, and if so 5 the denonmination ofs/

the coin. If the coin is valid, an ACCERT signal is delivered. on output o
term nal 07, and the denonination of the coin is indicated by the signals
on lines 08 and 09.. 10 The m croprocessor 4 also tines the

I nterval between the 00|n arriving at the coil 10 and departing fromthe:

coil's 14, 14'." If phis, | Bhe’ YRlkerha1CTHUNERE dUARR LT (@) ok d@hdifeyit IS
i ndi cative of a coin ichis travelling too fast for-accurate neasurenent

and the 15%¢ cQitpus éheéeﬁa&a?r ejiecat 6,A @0, ﬁ&a;ﬁﬁpmnmmtchecks
t he successive values of the frequency of the sensing. circuit 6, and. -

'successi vebf/aémiﬂé thﬁcalml 8t, udandf (sﬁnsum:lcimme toB omtphtfoﬂ t her of
these is altering: _ '
sensing circuit 8. |
5 'f' ' 7_ The circuit operates substantially as described
with reference to Figure 2. However, after the coin starts
to leave the coil 10, the microprocessor 4 first measures
 the amplitude of the output of sensing circuit 8 then o )
'measures its frequency, and then once more measures the' R
10 amplitude. The two amplitude measurements are averaged _
to obtain the idle amplitude value.- The frequency
| measurement takes place over a sufficiently long time.
3that any slight fluctuations in frequency do not affect
the result. ': | o | |
15':. o Subsequently, amplitude measurements.are
'repeatedly taken. As the coin enters the space between
'coils 14 and 14',.the amplitude will start to decrease..
__Successive amplitude measurements are compared, and once
.the amplitude stops decreasing, a frequency measurement
2Qﬁ_is made. Thereafter, a succession of further amplitude
measurements are made, and when they indicate that the
coin is leaving the coils 14, 14', a plurality of these
measurements (preferably excluding the most recent
measurements) are averaged to obtain the peak amplitude

25 value.:



stoo rapidly the coinis rejected on the basis that it - 20 is travelling
eitfier too fast or in an unstable nmanner. When an operator w shes to test
t hes~operation of the vyalidatpr, he operates a switch or connects a link

“issue a pulse to an interrupt terminal INT of the nmicro- processor 4

“(i-gstead of using a test terminal Tl as:in 25 Fig. 2). This causes the
m c®processor to execute an - 32- |nterry t_.routine which results in

signals being generated on a serial data output line 010 in response to-
coin passing the coils 10, 14- 14'. The operator inserts a coin having
“known characteristics, Thighoderatidr Gived migfarto cthaeednaasupéneést Which
has been chosen so as to have substantially exactly average ‘properties.
n1croprocessova&u&pareachheompmmsﬂngxﬁheﬂnﬁuﬂopmﬁdaneﬂdbg vhluecaiuhmnth
ranges which are narrower than those nornmally used for this _ :
denom nati on -the péakownluandW&iqh(anennpmpanadrmuﬂhtaespeohiuet line 010

speci al

indi cates what adjustnents need to be nade.

tO

a

The

to the sensing circuits-6 and

8. The oper at 5RnE&S %ot deteaminee whethax dthe d:qmeisevahéddamdf;ﬁns@ut put
.010 and cl ock _

tern1nm

-5

10

15

20

25

the denomlnation of the coin. .

If the c01n is valid, an ACCEPT signal is

'ldelivered on output terminal 07, and the denominatlon

of'the coin is indicated'by the signals on lines 08
and 09.

"l-The-microp:ocessori4 also times the interva1'=

_between_the“coin-arriving at_the'eoil 10'and departing'

from the coils 54, 14'. If this interval is less than

‘a predetermined value, it is indicative of a coin which

is travelling too fastifor_aecurate measurement, and the

‘coin is. therefore'rejected'- Alse, the'microprocessor
.checks the successive values of the frequency of the

~sensing circuit 6, and successive values of the amplitude

of_seusiug_circuit 8, and.lf'either_of;these-is altering

toe fabidly £he'coin is rejected on the basis that it

is travelling either too fast or in an unstable manner. -

When an operator wishes to test the operation of

the validator, he operates a switch or}conneets a link to

issue a pulse to an interrupt terminal INT of the mic:o-'

processor 4 (instead of using a test terminal T1 as in

Fig. 2) . This causes the'micrOprocessor to exeéute an



15 pUIées fromoutput term nal 011. The device includes logic circuitry
ich decodes the data so as to provide a display indicating whether and in
i ch manner any of-the conponents 61 (Fig. 3), 102. and 104 (Fig. 4) need

adjustnent 20 The switches 150, 154 and 164 of Fig. 5 may be i
‘sinply |ogic gates, such ‘as NAND gates. 33 Referrlnguto Figs. 6A and ng
in conjunction with Fig. 1, a preferreg 5grg1of_the coil” 10 will now be

described. The coil is forned by a prin?&d circuit etched on both sides of

a doubl e-sided printed circuit 5 board 80. Fig. 6A shows the side 82 of
the board 80 which in use is nore closely adj acent: the coin path, and Fig. .
6B shows the opposite side 84. The board 82 is located in a pl ane parall el

brinted of R RS FASPRBIRALN rEaulle in siome R Mondictve pattern
A [ he o1 B o L e 86 e bondot | ve
portions an e conductive
path startsto a coin passing the coils 10, 14, 14'. The operator
inserts a coin having known characteristics, such as
5 a coin offa_particular denomination which has been chosen'
-.so:as'to haveFsuBstantially-éxactlf-averageIproperties.
The microproceSSOr'compares_the°thrée.measurements .
'produced hy'this coin.with special ranges which are
narrower than those normally used for this denomination
16 of coin, and as a consequence the data on output line
010 indicates what adjustments need to be made to the
sensing circuits 6 and 8.
. The operator has a test device connected to
receive the data from output terminal 010 and clock

-15 pulses from output terminal 011. ‘The device includes

logic Circuitry which decodes the data so as to provide

a display indicating whether and in which manner any SN

of. the components 61 (Fig. 3), 102 and 104 (Fig. 4)
needeadjustment. |
20  The switches 150, 154 and 164 of Fig. 5 may be

szmply logic gates, such as NAND gates.



15 fromthe term nal ‘portion 86 and then spirals inwardly to an inner
cogtact portion 94 .. The termnal portions 86 and 88 are positioned
directly opposite correspondi ng term nal portions on. the side 84 which _
are respectively labelled 86" and 20 88', and may if desired be connected
t hefgto by respective plated through- holes The inner contact portion 94
i s connected via a plated through-hole to & éérrespondlng contact portion.
94' on the side 84; Fromthere, the printed circuit pattern spirals

outwardly to 25 - t er mi nal portion 88 -34- Thus, the terminal portions

86 and 88' form.the opposite ends of the coi l 10 In use, ghe flﬁ|d

created by the portio the coil 10 on sjde extend.in the sane
~direction as. the fi e%&%f 5d15‘c,gecF%yF’59 L hR PR t Bf tiﬁeceBDPnSFIl?ﬁewéFbe

54 The, [ eSPA. V9, P Gl Sl 10 04 N0 DOPRY' 1051 055 B L1, Poct o

80 can be p05| Iy accaratet so that

there is QOOQeQQQEbﬁhenC*hbﬂck?ﬁugﬁ?ﬁﬂ+ﬁﬁgftﬁypéogyiﬁgegyc}rcuige coil 10

fromvahdauw to val i daf or
etched on both sides’ of a double-sided printed c1rcuit

5 Dboard 80. Fig. 6A shows the'side'82 of the board 80
‘which in use is more closely adjacent'the coin path, and
Fig.'sﬁ'showshthe opposite side 84. The board 82 is

o located in a plane parallel to the side walls of the’
passageway 7. | _

10 . On each side, the printed circuit board has been
etched to form a spiral conductive pattern having an
overall substantially circular ccnfiguration.

Referring to Fig. 6a, the side 82 carries two
-_terminal portions 86 and 88.. The conductive path starts
ls’ from the terminal portion 86 and then spirals inwardly
to an 1nner contact portion 94.. . ' .
_. : The terminal portions 86 and 88 are positionedi
Jdirectly opposite corresponding terminal portions on.
' the side 84 which are respectively labelled 86' and
20;,88',1and;may if desired be connected thereto by
| respective'plated through-holes. The inner contact
' portion 94 is connected via a plated through- hole to a
'-corresponding contact portion 94" on the side 84.. From"
. there, the printed circuit pattern spirals outwardly to
25 terminal portion 88'.



m nor adjustnents using the variable resistor 6.1 of Fig. 3 are needed. The
ottom edge of the coil 10 is located at or preferably slightly bel ow the
ttomof the coin 15 path so that if a coin passing the coil 10 tends to
bounce there is little or no effect upon the coil area covered by the cois
and hence upon theneasured val ue.  The term "coin" has been used herein ta\ﬁ
cover not only genuine coins but also gﬁp‘genU|ne coins. or 20 other itens
“whi ch might “be received by the validat -35- CLAIMS: 1. A coin
val i dator for deternlnlng whet her an itemis a genuine coin, the: '
val i dator. conprising a coin--testing sensor and. a val i dat i on circuit: for™

cal cul ating a neasurgqed)f PrsedepRihB® pEL@bneRlgeeandIdgratfiorsm of 5
successi ve outputs from sai d sensor produced as said itemnoves relative

to said ssUppositk dmds Oftehai 8oid woet hdn we] tRARdeA@®Nt IS
appropriate for a genuine coin. 10 = - 2. Avalidator as clained in
claim1, \Mureuuedfhy(nhenporeienauﬁlthedeoialu@Son.side 82 will
extend. in the same direction as the field produced by _
5 the part of the coil on the side 84. B _ | |
The respective parts of the coil 10 on the
opposite sides of the board 80 can be positioned very )
| accurately with respect to the coin_peth,_so that there o | Qu/
'is'good:consistency in the measurements produced hy_‘d o
10 the coil 10 from validator to Validetor;_ Thus, only
minor'sdjustments using the teriable:resistor 61 of:
Fig. 3 are needed.. L _ R .
The bottom edge of the coil 10 is located at
- or preferably slightly below the bottom of the coin
15 _path so that if a coin pa551ng the coil 10 tends to
bounce there is little or no eEfect upon the c011 area
covered by the coin and hence upon-the measured value.
‘The term "coin" has been used herein to cover ;
not only genuine eoins but also non-genuine coins or

20 other items which_might be received by the validator..
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LirQuift.
circukt

3. Awvalidator as claimed in claim1 or 2, wherein the neasurenent
based on the first-n of a greater 15 nunber of val ues read by sai d
4.A validator as clained in claim3, wherein said validation

S

1k is arranged . to. read. and store.a p er of
val mgs, and to.calcul ate said 20 ' measurenent ”mlemlumﬂml Hmst n of
‘these val ues,’ n bei ng Iess ‘than 't he pgedet er m ned hurtbem. s
val i dator- as-cl ai med in any preceding claim the circuit belng respon3|ve

to the sensor output. ‘val ues for detecting when a coin is |leaving the -

sensor, and in respanse- thereto for selectlng the values on which the 5.

rreasurerrentcnﬁﬂased 6. A validator as clained in ‘any preceding claim

wherein the sensor is an inductive coin-testing sensor, and the validation

.circuit-

[ is arranged to deternmine 10. whet her "boéth anplltude and
frequency changes produced by a coin in proxinty to the sensor are

representative of. aAsoia velddator Rorvafetierminisgwhetiter ian ditamm 6,

valid- 15

ation circuit including means for alternately neasurlng

is a genuine coin, the validator comprising a coin-

testing sensor and.a validation oircuit.for calculating a

‘measurement based on the sum of values indicative of
_successive-oﬁtputs from said sensor;prOddoed.as'said item

' moves relative to said sensor, and“'for'_determining

"lwhether'said_measureﬁentvis eppropriate-for:a:genuine

. eoin.

15

_....20

2. A validator as claimed. in claim 1, wherein the

outputs are’ amplitude values.

3. A-validator.as-olaimed'ih:claima1'or 2, wherein

"~ the measurement is based on the first n of a greater

number of values read oy said oifouit.

Afvalidator as claimed in claim 3, wherein said
validation cirouit is arranged to: read -and store a

predetermined "number of values, and’ to palculate said

measurement based on the first n of these values, n being

"~ 'less than the predetermined numbep;55

t he



“bei ng dependentr%ﬁP?%%e thereto for seleeting th

the frequency and anplitude of the output of the sensor. 8. A validator as
‘clained in claim6 or claim7, the validation_circuit including—-Heans .

responsive to 20 - changes in the anplitude of the output of the sensor .
-fog det er mi ni ng when the frequency is to be senmuu ||F“ ator as' &
cl&med in any one-of clainms 6 to 8, including oviding an”

~indication of 25 - changes in the outpw3gf sai d° sensor -37- 10. A
‘validator as clainmed in claim9 wherein the counter is. used to count
‘pul ses. fromsaid sensor in order to provide an i ndi cati on of the frequency

thereof, and forns part of an analog/digital circuit for determning 5. _
t he anplltude of the5out putvadfidadior sesselaindd iw‘aaY|¢aeoedésgchaaﬁmd in
any preceding claim further including an arrival sensor for powering-up
at. |east part 'dietdnbremi'cubeiygoresnens&ved&oothenseagp@ngetput vad ueise
sensing of the arrival "of a coin at- a sensing station of the valldator
12. A validatorfer deteabingnvhen & roinnks 9avirg atheyarnseRsoands ign

osci | | at or conprising an inductance, 15 the, fre uen&uég égewgichll%ror

5 . measurement is based.

6. A.vaiidafon as claimed in any precedingeelain;
_wherein;the-eensor is an inductive eoin;testing sensor,'-\‘}

and ' the Qalidation.-cineuit is arranged_ to determine

10 whether both amplitude andffrequencyechanges'produeed_by
| a coin in proximity'to.the'senser are'representative of a

_valid_coind

7. A validator as claimed in claim 6 the valid-
15 ation circuit ineluding means for alternately measuring

: the frequency and amplitude of the output of the sensor.

' 8; A validator as claimed ‘in claim 6 or claim T,
o the validation “eircuit including means responsive to
20 jchanges in the amplitude of the output of the’ sensor for

determining when the frequeney is to be sensed.

9. A va11dator as claimed in- any one of claims 6 to
8; including a counter for providing an indication of

25 changes in the output of said_sensor. |



‘val ue of the I nduct ance, the validator further c pans responsive
to-a change ..in: the frequency of the . oscilleﬂiyﬂiaused by a coin coning

J nt o’proxi mty to the i nductance for -providing Hmw,mﬂ,Eat |hng
e

coi n®20. arrival. 43. A,validator as clained in
|nduciance is coupled to -an anplifi.er SC)j??j() produce -sard bscillator, at
| east a substantial part of the |oad 25 t he anplpfler bei ng |ndependent
of the presence-of -the. coin. - 38- . - A'validator.as clainmed in ..

claim 12 or 13, .whérein the vatidator |s Operable to determne whether the

changed frequency cat@ed byvakigabarnabyclainbd ¢ai 61admt B¢ WAdPeLANERe
i ndi.cates that the coinis.-genuine. 5 15. A validator as clained in claim
14, wherein thecewabgrdis uspd ey asunth@uises Ifxom sadid sensari ¥ préer

dom nantly of the dianeter of the coin. 10 "16. A validator ‘as .
clained in cIalh918r°ﬁﬁgpeﬂ$t#ﬂﬁi?ﬁﬁk@@neﬁ &het ifirequencyt Ehzennfpoandlses

| . h he| bstanti al | equal -to its w dth.
a_CO! aV|ng a ) parg } ‘an ana&og}digital circuit for determining

5 ~'the-amplitude of the output of said sensor.

.11. A validator as claimed in any preceding claim,_

ofurther including an arrival sensor for powering-up atp
AN :; ' least part of the circuitry of the validator in response
. 10' to the sensing of the arrival of a coin at- a sensing

.~ station of the validator.

12. A validator as'clained_inwclaim 11, wherein the
'arrival sensor is an-oscillator”comprising an inductance;
isiipthe frequency of the oscillator being dependent on the
o value of the. inductance, the validator further comprising
means responsive to a change in the frequency of the
j:oscillator caused by a coin coming into proximity to the .:

; {Qinductance for prouiding a _signalh:indicating coin

20 '---_:'.'_"ar_ ival.

13. A:validator as.clained;in'claim 12; wherein the
.'s;einductance is coupled to an amplifier so as to produce
n_;said oscillator, at least a substantial part of the load

lzécr of the amplifier being independent of the presence of the,"

coin.a



17. A validator as clained in any one of clains_14 15 to. 16 —wherein the
‘arrival sensor is drranged to apply to the inductance a current in order .
for changes in the frequency of the oscillator V\mﬂ m “ ﬁl mty of .
thegcoin to be sensed .in order to cause said po rein thé‘
chdgzed frequency used-in determ ning 20 ‘whet her’ of not the coinis
genuine is detected without appl ying an 38-eased current. 18. A valldator
as clainmed.in.any one of. clains 12 to 17, including counting nmeans coupl ed
‘to the output of 25 ‘the arrival sensor |n'order to provide an indrcatioh

-of the frequency . of sald osci | Lator. . A validatqQr ,as ¢laimed,
claim 18, when inditbe tIyAdé‘ﬁéﬁGéﬁ'Prup%% ﬁlﬁil‘ﬂ@ %\H F&aﬂ'"’ch C&Fntﬂﬁg

f |
any one-of "¢l aMereth ot VaRinater, H@.Mﬁsﬁsﬁb fiFoing . fhebienr | .

'f/\ﬁtra?gldnb%/hg Illj(r)l"’q'}iﬁ %}ﬂ%'{&celq tf(ﬁf%fu %ucétagance e uebl e-si gnid:r} %Lfgéﬁ% 4t

bei ng form?d ot iﬁé%ﬂéfﬁé&éﬂemﬁegtéypmée eﬁérwa i&egeﬁwa@d

circuit

5
15. A validator as claimed in claim 14, wherein the
| changed frequency of the oscillator 'is indicative pre-
' dominantly of the diameter of the coin. S .;‘)
10 16.' A validator as claimed in claim 15, wherein the __'T'

inductance of the arrival sensor comprises a coil having :

a height substantially equal to its width.

17. A validator as claimed'in'anj'oneﬁcf claims 14

15 to-16;5wherein.the arrival sensor is arranged'to-aooly to
the maﬁeﬁagae*a "cu'rr.ent 'in.' orde_r'.' for change_'_s- in the ‘
freduency3of-thedoscillator'caused.bytthe prorimity of
.ithe coin to be sensed in order to cause said powering-up,.

and wherein the changed ' frequency used in determining

20-_lwhether or ‘not the coin is genuine is detected without

'applying an increased current.

"_'18.' A validator as claimed in any one of claims 12
- to 17, including counting means coupled to the output of
:25 the arrival sensor in order to provide an indication of

the frequency of said oscillator.

A



22. A validator as claimed in cl-aim?21, wherein the 15.sides. of the
i.nductance are interconnected via plated through-holes in the support.. 23.
A vald dator as. clainmed 'in claim?2l or 22, 'wherein the sides of the

i nduCt ance are.connected.in a 20 conflguratlon such_‘hat the fields

gen®¥at ed thereby aid each other. 24. A validator. u“ﬂr“mm Immuone of L
claims .20 to 23, wherein the inductance-3gs. a Iomer

| ocated at or. sllghtly bel ow a surface on which the cdintrests"as’ it’ passes
the inductance. . -40- 25. A validator as clained in any -one of claims 11
to 24, including means for periodically activating the arrival sensor in
“order .to check for tTﬂe' ar rAvaYab#d%t%l @S 5ctgimed vimi dkiadm ad8gl avienl in

any one of -clai 25 ud|n a processor having a first state in
which it 'p-erfOri{Ed fg's‘é gnaﬁaabﬂeﬁat dthene rf&ewmyins gh
current |evel, arallfetco riﬁieftbal} esa{'d coun e|rgh [ t operat es at a rel at ively

| ow current Ieve

5 20. A validator as claimed in any one of claims 12
l_to-19, wherein the inductance of the arrival sensor is

- formed by a printed circuit._

L _21.. A validator as. claimed in claim 20, ‘wherein the .
__101:printed circuit inductance is double-sided,_each side
._being formed on a respective side of a support carrying

. the printed circuit.ﬁ
| |22. A validator as claimed in claim 21, wherein the
15 sides of the inductance are. interconnected via plated'

ﬂhthrough-holes in the support. Do

N S *““'gﬁaj A validator as. claimed in clann 21 or 22,

rein the sides of the inductance are connected in a
"h_ onfiguration such that the fields generated thereby aid

A each other. 1;,_

__;:-24.1 A validator as claimed in any one of claims 20
to 23, wherein the inductance has a lower edge which is
25'located at or slightly below a surface on which the coin

_rests as it passes the inductance.



means. for periodically causing the processor to enter the first state in
order to determne, using said arrival sensor, whether a coin has arrived.
15 27. A validator ~as clained in- cl manectly or
| ncir ectly dependent on cl ai m 18, wherein the ‘mmwn also. i
arr&nged for periodically causing the processor*td ehtelf its First. state“v’
20 28. Awvalidator .as clained in anyggrecedlng claim incl-uding. means -

for providing a signal indicating that a~¢dTn is. not acceptable in response
- to determining that the coin has travelled too fast through a sensi ng

station of the validator. =~ -41- 29. A validator as clained in claim 28,
_ |nclud|ng means for »get e tal le 11 t ' W NQg -
stati on. 2 UV RS, Y el I O

'”C'Ud'“g meange @W’(¥Héidﬁfh£9meﬁﬁhh%%rtﬂﬁriéédéafinQéBQGatin HrE2
produced in responsé to a coincomng into proximty to the coin-Testlng
sensor is greaa?ritains%d§o¥kﬂﬁr%b@%$|t@1éheéﬂ for the arrival of a

- ¢oin.

25; A validator as claimed in any one of claims 1.
"~ to 25, including a processor having a first state in
which it performs processing operations and operates at a \e/
'relatively' high current level, and. a second state in
10 which it operates at a relatively low current level, andi
‘means for periodically causing the processor to enter theéf
. first state in order to determine,'using said arrival

- sensor, whether:a.coin-has arrived.

15 27. A validator as claimed‘~in claim=_26,.'wnen
directly or indirectly dependent on claim 18, wherein the
~ counting means is also arranged for_periodically causing

" the processor to enter its first state.

20 '*“*T?féa;' A validator as claimed in any preceding claim,
| including means for providing a signal indicating that a
coin is not acceptable in response to determining that

"p the coin has travelled too fast through a sensing station

. of the validator.



% 31. A validator as*clained in any preceding claim wherein said _
_coin-testing sensor conprises two coils positioned one on.each side of a
, coin passageway.- 15 . .32. - A .coin_.valid Stantially as

her#f n described with reference to Figures 1 to 3, wptronally
rmq,afred as described wth reference to. F\\“\“ﬁ“\\““ \‘fthe _

acconpanyrng dramnngs

29, 'A'-validator as claimed in claim 28, including
means for determining the total travel time through the

sensing station.

5 30. A-validator as claimed in claim 28 or 29,

including means for determining whether the rate of
 change of a signal produoed in responSe.to a coin coming
into proximity to the ooin-testing sensor is greater than..:

a predetermined limit.
10 -

| ;31, A validator as olaimed in any preceding olaim;_

wherein said coin-testing sensor comprises two coils
positioned one on each side of a ooin passageway.

15 32. A coin validator substantially as herein

desoribed with ‘reference to Figures 1 to 3, 6A.and 6B,
' optionally modified as desoribed with reference to.

&“ﬁ 1.'i f";Eiguresjh and 5, of the aocompanying drawings.




