CA N- fESTING?DEVICE This invention relates t-o coin testing devices, for é};;>-
exanpl e for use in automatic vending machines, and 5 in parti c:ﬁ ar. s
.coin testing devices which sense a characterlstlc of a coin by throgy ‘i. 1
“'light upon it, rdetecting the light reflected fromit, and providing

i nformation: about a characteristic of the- gokn in-dependence upon the
resul.t of:the detection of.. the 10 reflected light. A specific .
application of that COIde THSTING DEYICEI ng devi ce has been described in our

Uni ted States Patent No. 4,172,222 (British  Application No.
-50386/ 76) . That Patent describes a device the main 15 function of which

is to distinguish between the British fivepence coin and the German 1.

Deut schmark coi n. These This cénmensiendirfdiates to dicdn nyes shngr drevdaes,
other because their dianmeters, thicknesses, and the materials from which o
they are made, are 4OFofXAMRkRifopuse ipaautomehidecvendingpmachdmes, and -
fivepence copn has ml | ed, edge whereas the German 1 Deutschmark coin has

a snooth edge with m3P%Fﬁiﬁ52a5mi9nceﬂnﬂkﬁﬁ##@seﬁgwa9@§|whth S¢Rse a

di fference is. detected by all ow the coin_ to pass beneath _a |i

emitter, with its eGG8T@tERitr ato%?"as bﬁ’hetlé‘ﬁ?‘t’jc’és l&ﬂd‘%e\ﬁ@?ﬁg ‘tbnve
H gh't ref lected froQ ti:, tﬁqrf]ge PKe r'effgg e lf?'%%} edt quggg %lr%s';reldmg

information about a characteristiec of the coin in

_ depéndence_upon'thé neéult of the detection of,ihe'7'
10 reflected light. |
A specific applicat1on of that type of coin test-
ing device has beenﬁdescribed.in our Unlted Statesf
Patent No. 4,172,222' (British Appliqhﬁion.” ﬁd.
-50386/76). That Patent describes a device the main
g | - 15 -~ - function of which is to distinguish;bétwéen the British
o fivepence' coin and the German 1 Deutschmark-”coin.
These two coins are difficult to disfinguish from each
other because their diameters, thicknesses,.and the .
.matérials from which.pheyjare made, are almost identi-h
-2Q. 3 'cél.--HOWever; the British fivepenee coin has a milled
-edge whereas the_German 1 Deutschmark coin has a smooth
edge with only a minor amount of figuring engraved iﬂ
.it. This difference is detected by allow1ng the coin
to pass beneath a-light emitter, with its edge directed
25 -towards the emitter, and sensing the light reflected
from the edge by means of a sensor located qulte close
to the emitter. The milled edge of the fivepence coin

_ - reflects light more diffusely than the smooth edge of
~ “the - - ' ' | |
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to: thé en1tter The m |l ed edge of the flvepence coin reflects’ Ilght nor e (j%b
di fusely than the snooth edge of the 2 1 Deutschmark coin and

calisequent | y the broader spread of reflected l'i ght causes the detector to

“emit a |l onger eut put pul se when a fivepence coin noves past it, than when a

1 Deutschrark coin noves past it. A signal having 5 an anplitude
praoportional to this pulse length is generated and conpared with a signal

of Feference anplitude. The two-types of cqin are dlstlngU|shed accordi ng

to. mhether t he-anplitude of the signal deri ¢ed fromlight reflected from
‘théicoin is greater than, or less than, this reference 10 ~anplitude. In
ordéer that a particul ar deS|gn of: c0|n ‘testing device may be used for a

d f
Aol i cati itnis’h?r; BRlLsaaone Lo gL 3%@%5%%‘#%%3? bR Wder @
assagewa ro all :
gll d?ahe%/ers {Hﬁ% écﬁ‘hﬁ'ﬁﬁ gw&‘ ﬁe%\%#%brg@a%n erg%rp&?l?fthe
light emtter ?&ﬁgmé&f&elHﬁéndﬁs%ib%@n%ecﬁ?ﬁ% WA a4 hat, thgan

Iargest ‘coin ¢
when a 1 Deutschmark coin moves past it. A signal having

'j5 an amplitude_proportlonal to thls pulse length is.generated-.
and compared with a signal of reference-amplitude.' The
' tﬁeltypes of coin are'ﬂistihguished'according to whether

the amplitude of the signal derived.frOm light reflected

. from'the-coin is greater than, or less thah, this reference

em amplitude. T L,

. | In order that a partlcular de31gn of c01n testlng
device_may be used for a wide varlety of applications 1n'

" different ceuntries; ahafpreferahly'forhall abplications”in :

ﬁ_ all countries, it isldesirable‘that the ceih path or

szrpassageway through the device be capable of allowxng passage

'ffof coins of all dlameters up to the max1mum diameter which
°7ihwill be encountered. If the llght emitter and detector just
'described.ate positioned so that the iargest coin ean_freely

':'epass beneath them, then smaller coins such as the fivepence

-h?QEffhahd 1 Deutsehmark coins, pass beneath them with their edge

located a substantlal dlstance from them. It has been-

"5%?ffound that in these c1rcumstances the dlfferences in pulse

':flength from the detector are much less than when the coin

" ‘edges are very close to the emitter and detector, and

-fiﬂcensequehtly distinguishing between these two coins on the
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SS Ubneath then1 t hen snaller coins such as the fivepence 20. and 1
utschnark coi ns, pass beneath themwith their edge |ocated a substanti al
st ance frqntthent' It has been found that in these circunstahces the
fferences in:pulse [ength fromthe detector are nuch | ess than when the
in edges.are very close to the emtter and detector, and 25

séquent |y distinguishing between these two coins on the basi s. of

| Se | ength becones less reliable. An aspect-cﬁ the present inventionis a
thod of - discrim.nating between circul ar coins of substantlally the sane
ze but -having different edge character- 5 i stics, conprising throw ng
ght. onto .the edge of:a coin passing along a coin path using a detector
b detect |ight refllkaséd. ofopuilise deing tdudmcomess deesstrel hgbiket her the
ban rate of change of the ampbunt of |ight detected is greater or |less than

arry- ing out such a nethod. It has been found that even when a |ight

ritter and the |ighdiserémipating rb@ttwetﬁcratceicr%la/r‘ ctobes tof 1substansisdiy -

ge, the sl ope of the pul se does djffer
the same size but having dlfferent edge character-

5 istlcs, compr151ng throw1ng-llght onto the edge of a
coin passing along a coin path, u31ng a detector to.
detect light reflected from the 001n edge, and detect-_-

. ing whether the mean rate of change of the amount of
.light detected.is greater or less than a predetermined
_1Q_ “value. IR - - ;

A further aspect is an appabatus.oapable of carry;

ing out such a method.

— Iﬁ has -been found.ﬁhat efen when a light emitter.
and ﬁhe light detector'are not located_very close to_'h
15 the coin edge, ‘the slope of'_ the _pul_se.does diff_‘er
| -sufficiently, as oetween a fivepenoe coin and a 1
‘Deutschmark coin, to enable discrimination ‘between

“these coins Qith an acceptable degree of feliability,!
so that the ‘above aspect of the .present invention
20_” enables sufflclently reliable dlscr1m1natlon ‘between
| .these types of coin 1n a coin testlng device whlch is

- arranged to be able to accommodate also coins which are

.substaﬁtiaily larger.
-;Another difficulty which has beed'enoountered in

25" prior coin testing devices using electronic components

predeterntned 10 - val &8. aspeett ot thepautesentani gt tomsisapambebhofl of - -



- enabl e.:

sufflcﬁl%nly, as between a fivepence coin and a ll'Deutschnark. coin, to <Ey
dlscr|n1nat|on bet ween these coins with an acceptabl & degree of

rellaby ty,) so that - the above aspect of the present invention. 20

““enabl es -uff|C|entIy reliable discrimnation between these types of coi.n in
a coin-: t:ing device which is arranged to be able to accommodate al so

© cois whitth are substantially larger. Another difficulty which has been
encount gred i'n 25 prior coin-testing devices using electronic conponents
-4--is-¥hat. the characteristics of the conponengs change due to ageing, and
al so change with tenperature varia- tions. This is especially true of.

—— irme e e

Ilght em.tting diodes (LEDs) whose gain, dive. light output intensity 5.
in.relati-on'to current ihput, can vary over a very w de range. Variation of

such characteristicsjgausest COheeTharadiditl ¥ei¢at bon thie tdempenaet of chiaglle
detect of::-out put signals produced by reflected light froma particular 10 -

type of coin and it @ikl tbeageingsl and d1sd dhangeawi thusemporsbacecphribs
degree)of unrellablllty when coin:
_.tlons. _ This is especially true of 1light emitting
diodes (LEDS) whose_gain, i.e. light output intensity
5 in'relation_to current input, can vary over a very wide .
range.
Variation of sucﬁ_characteristics causes corres-

ponding variation in the value of light detector ~output

signals produced by reflected light from a particular.

i 10 _type of coin and it w1ll be appreciated that this can
cause an unacceptable degree of unrellabllity when co;n-
'discrimination is carried out by comparing such output

' signals with a fixed reference”signal.

A further aspect of the invention is to incorp-

-151J orate at leaat the"light.emitter, which preferably is a
o solid state light emitter such as an LED, lnto a feed-
back 1oop so that fluctuations in its light output are
at least approx1mate1y compensated for by ad3ustments7
of its power input. |

In a preferred embodimeot which will be described
belpw, the 1light emitter and the-light detector_are
incorporated into the feedback loop, the detector being
- arranged to receive at all times a small proportion of
‘light direct from the emitter, and consequently the
feedback loop then tends to compenSate-not only  for

variations in characteristics of the emitter, but also




dlscﬁ m-nati'on is carried out by conparing such output signals with a '
fixed ‘reference signal. A further aspect -of th&inventjon is to incorp- 15

orate at Ieast the light emtter, which preferably is a solid state |ight.
"emitter such as an LED, into a f eed- back | oop so that fluctuations inits
Ijght out put are at |east ‘approxi mately conpensated for by adjustnments of

i ts,_power -input. 20 varihBidnR' e o 200el §Bnés Wif cbhei Heteetor, so that
esCri bed below, the light emtter and the |light detector are incorporated

hto -t he feedback |oop, pherdat %x@% pernedagfangedle t @heecri s cdntal butputs from
smal.l proportion of light direct fromthe emtter, and consequently the -
pedback | oop then tendsthe g@mg@m@ﬁ(rémglnxﬂatf@rsuhstahtoa$lynconstant level
haracteristics of the enitter, but al so variations-in characteristics :

[ the detector, so that aadethat! whe mrploitwdetoﬂeanhequuESpaﬂlBeosupairimposed
Fom t he detector remai ns at a substantially constant |evel and that the ---
hplitude of an oubput pupse suhpeti kpeedd Sandpdm ttespémsel toard ¢oin of given
bsponse to a coin of given characteristics, will vary much |ess with the
hssage of -tine, and mntbhaamaﬁanm&tﬁcs;embblavarﬁ muedn @ gwith the passage

'O'*m-"oo-'hm—'o.

of tlme, and with variatlons in temperature, than woulc

otherwise be_the case.




ot'her be the case. In order that the invention may be nore clearly (i%;&
undet d, a preferred enbodi nent thereof will now be described, by way o
exanpl¥- wi tth reference to the acconpanying diagrammatic draw ngs, in
“whi ch Figure 1 is a schematic diagramof a coin testinpg
devi tezin accordance wth the i nvention, and Figure 2 shows |ight detector
o@ﬁ@@ 'ulses obt ai ned from fivepence and 1 Deutschmark coins. Referring to
t he d ngs, the coin passageway 2 10 is mechanically defined in any
s'9l & manner so that each coin 4 inserted into-the device nmay pass down’
th;s‘ 'sage- way, for exanple by rolling along a surface 6. Adjacent to
tIF ageway 2, and directed towardsthe edge of the coin 4, are | ocated
a I enitter 8 sucHMWrder hat phaninenfinr BeYcbeomoyesgdragdva
nsi stor. Cbnvenlently, t hese gre acconmodated in_a unit 10 which is
sagc uff|C|EH@Pf Sy BTV SER a%%bﬁﬂ%%eaFlBRF6§§§a§élﬂeP®@éPeit and -
6 of adc0|n 9&{#q&§ maxi mum di anet g % 2 be inserted in the '
d{e%é 20 escri Y ek %ar% %' p‘f’ E nFe RreREepLOs&G&nay 2,
- tTre” ot put S|gnal from t.he q§tector Ié hich: _
'ild' accompanying 1agrammat1c raw1ngs, in wﬂlch.

5 Figure 1 is a schematic diagram of a coin testing
device in-accOrdance with the invention, and
| Figure 2 shows light detector output pulses obtalned
: from flvepence and 1 Deutschmark coins._
3 Referrlng to the drawings,_the coin paseageway 2
16 is mechanlcally defined in any suitable manner SO, that each
| “coin 4 -inserted into the device may pass down this passage-

‘way, for example by rolling along a su:face 6.

Adjacent to the passageway 2,_andmdi;ected_towards
the;edge of the coin 4, are lucated a iight-emitter.S euch.
as an LED and a light detector_Q suchuas a phptotransistot,
Conveniently, these .are accommodated in a unic 10 which is |
apaced'sufficiently_far_aWay fégm surface 6.to allow passage

"between it and surface 6 of a coin of the maximuﬁ diameter

likely to be inserted in the device.

Normally, with no coin present in the passageway 2,

the output signal from the.detector 9 will be at a
euﬁstantially'constant_quiescent.level indicated at A in
Figure 2. Tﬁis signal is amplified by a buffer amplifier
;;2, the‘main purpose of which is to match impedances, and'.

;applied to a gate circuit 14 which is normally closed.



. . .
substantiériy-constant quiescent |level indicated at Ain Figure 2. This (é;
sigmal is anplifiéd by a buffer anplifier . ..12, the main purpose of which

is to match i‘npedances, and applied to.a gate circuit 14 which ks nor mal |y
closed. - 7 The enmitter 8 is emtting Fight through an aperture 15 i.n the

unit,. 10, and a lens (not shown) which prodUﬁes a beam having a solid -angle

of dLyergence of [ERR]. The light enters the passageway 2.but in the

absence of a coin no 5 significant proportion of this light is

refl ected back' to the detector . However, ‘as coin 4, which can be
assuned.-to be a fivep cQi nmoyves in the dir on of the arrow, |ight
fromenitter 8 strike "@tf&?rdrﬁj i quitting %Wﬁu%raugﬁr?ﬂe?pﬁﬁgi‘g&r &>

15 numt 10 4o bhe Mne FL SR Stk OREo L R Pl dReLy g e AUzt LY |
d The f o
e %i'e:lf’é S e Hevdydhgae SEogEoc! eiisnggﬁ%
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Tfet ﬁren E:E)Ie;:i hade’gé%%sa tP%D?%tCst c% n, PX %ﬁ% éyn%%{?ﬁé ﬁkg agg?i | nct

fromthe gore db&%ﬂi?&%adﬁ|ﬁ¥3§d¥L{BA|5@ @ﬂﬂ? Pight is reflected back
to the detector 9. However, as .coin 4, which can.be aésumed
to-bé a fivepénce coin, move#_in the direction of the
 {'arrow, liéht from emitter @Hstrikes its edge andiis
reflected through a furtﬁer.éperture.IS’ in unit 10 to the
10 detector 9, whose output signal conéequently rises. The
| " aperture 15' is aISQ'pr6Viaed With-a-léns~(not‘shown).
‘which gives detector 9 a viewing éngie of 40°. ﬁhe tybical

shape of the pulse produced at the output of detector

| ;T9 as the coin travels completely .past the emitter 8 and
15 - detector 9 is shown by the curve 16 in Figure 2. If the
"ifcéin had béén all beutschmark.coin, with a smooth edgéfés
i_distinct from the-more'diffusely_refleéting milled edge of
'*.ié'fivepéncé COih,jthen.tge 6utput pulse, although not gfeatly"
-éhorﬁer, would have a_sharpér form as indicated By'cufve 18.'
20  in Figure 2.
| However, and referring again to curve 16, the output
signal is applied to a'aisturbancevdetectof 19 which is
desighed.to produce an output signal in response to a
chaﬁge in its input signalléqual_tc or greater than the
25 amount_B (arrahged to be optside the noise-band) in Figure_é.

Consgquently, it produces this output sidnal at time tl when




ce 00|n "then the output pulse, although not greatly shorter,
€ a sharper formas indicated by curve 18 20 I n Flgure 2. 3
3=and referring again to curve 16,  the output si‘gnal is applled to a
nce detector 19 which is designed to produce an output signal

r espq .;to'a change in its-input signal equal to or. greater than the 25
t (arranged to be outside the noise band) in Flgure 2. Cbnsequentlyf
ces this output signal at time t| when signal 16 has changed byf
unt. The output signal fromdisturbance detector 19 triggers a:

l.e circuit 20, the output signal of which opens gate 14 for a

e- d e AL suffici dat bst anti al B
ot il ot ne T LTI ¢TnaY thehsh, fvﬁﬁé@%[”é‘ét S e S At Siapti e
t t of h t of :
sio-.g_g_ Ppgrrplol?ﬁdgog)&ﬂgg?gérgg#é%%éﬁ %gj us eS;(ﬁ u § "’H?V\f%u?%rﬁﬂlt _
At t d of hed
-Ie_yfel » \r/]\lhl gh Pégj‘i g%éét f’%ﬁe éeggﬁgggug’ﬂ?‘%?sf% co%ar ator CI I‘CUI 3§s?€ C
not tiff gger ed %9&&%90&1&&0@#03@918%9@ s &woﬁoaét} %tms@a@qtlﬁte |

14 |§3closed by nonostabl e circuit 20 at the end of perio
3 . portion of the rise of curve 16. During perlod AT the

-éignal 16 is applied to one input of a comparator circuit
22, to thé"othef input of which a signal of amplitude C’

is applied from an adjustabie';eference circuit 24.

At the end of period AT, it can be seen that signal

. 16 has reached allevel'D,whith_is less than C and consequently
the comparator circuit 22 is not triggered and qus not

_produce'an 6utputisigna1 at its oﬁtput 26. Gate 14 is_closed
' _;_by monostable circuit 20 at the end of period AT.

If the coin had been a 1 Deutschmark, the. output
.519na1 18 would have been produced from the detector 9.

- Disturbance detector 19 is then actuated at a time t2.

Startiﬁg then, the monostable circuit 20 holds gate 14_opén

once again for the_séme time period AT. 'The maiﬁ part of

L the slope of the leading edge of signal 18.is steeper than
'ffzﬁf ; that of signal 16 and by the_epd of éeriod AT signal 18 has

reached a level E greater than reference level C so that

'dﬁring_pe:iCd AT the cohparator 22 does produce én putput
signal at its output 26.

' It can be seen that production, or not,léf'an output '
siénal,at'output 26 during the period AT may be used in -
subsequent circuitry to indicate whether or not the coin had

the edge reflecting characteristic of a 1 Deutschmark coin,

TR UL (0 0r  a i e e i+ R A N L ARV LA S S P, e LY S St A 40 SIS




| f théfqohn had been a 1 Deutschnark, the output 15 signal 18 woul d hav
been produced fromthe detector 9. D sturbance detector 19 is then actuate
at a time t2) Starting then, the nobnostable circuit 20 hol ds gate 14 open
once again for the sane tinme period AT.. The main part of the slepe of the
| eadi ng edge of signal 18 is steeper than Zy that of signal 16 and by

t heiend of . period AT signal 18 has reached a |l evel -E greater than reference
| evel C so that during period AT the conparator 22 does produce an out put
signal at 'its output 26. It can be seen that production, or not, of an

QULPUt 25 i Eidibedd PUEBUEN2D il the g kAL STded Higd Lis

subsequent circurtry Rer “or-no € coin

refi ectl ng Char%tg‘g%e&’gd%Yﬂ’é‘% Qﬁ Eﬁgh%%kf(ei\% of We t)f;ufse t% gs SEE

coi n. can seen I'S s ach by neasuring ope of-

the pul Se~pr0dhi9fde£’dfh;3€g o! ¥B°CBnCahA 29 ek 1IN HeadBAY Be t he

anount by whic he pul s S|gna i ncreades ring a constant I od

of tinme i med aikbynt Oby O%hgh! BRet Frmswhga ghlall S rietadad ddaing Q%éﬁswnt
actual 'y being receive Figure 1 also illustrates a feedback | oop wh
will nowsbe desséried. of dheef epdlbacktbo9p feQNcaiing aH@Altantd MHER it is
detected that a pulse is actually being received.
Figure 1 also illustrates a feedback loop which will
. now be described. The feedback loop contains a gate circuit

28 whose output'is applied to one input of an integrating

10 amplifier 30, which may be an operational amplifier with

other input of which a reference signal is appliéd from a .
reference sighai generating circuit 32 The output-of the
'15.  current control circuit 34 which controls the current supply
- from a source to the LED 8. The feedback loop is optical

frgm'LED 8 to detector 9, by virtue of a small aperture 36

i from-detector'B through'bufﬁer amplifier'12 to the input of
20  gate 28. | |
| In the gquiescent condition, with no coin éresent
in passageway 2, gate 28 is open, detector 9 is generating
a small 6utput signal owing to light received from LED 8
_ throqgh feedback aperture 36, integfatiné amplifier 30 is

25 integrating the difference between this output signal and

formed in a partition 38 within unit 10. The loop continues

o

'“capacitative'feedback'and very high inpﬁt impedance, to the . ...



28 whs itput is applied to one input' of an integrating 10 anplifier Gé%i
i may . be an operational anplifier with capacitative feedback and

mput i npedance, to the other input of which a reference signal

froma reference signal generating. circuit 32. The output of

rating anplifier is applied to a control input'of a 15 current

i.rcuit 34 which controls the current supply froma source to the

e feedback loop is optical fromLED 8 to detector 9, by virtue of

perture 36 formed in a partition 8 within unit 10. The |oop

s fromdetector 9 through buffer anplifier 12 to the input of 20

@ In the quiesceqt condition, with™o coin present in passageway 2,

is open,. detector 9 is generating a small output signal owing to

cei ved fihen referenaeoadanpdeapayidagebyucdrasiit RgrtR igrperate

r 30 is 25  integrating the difference between this output signal --

0 the relRreFERr sf§ARplpr 8PAdéRepprecre flgred s RRSMG ARPkeyed r or

and the errof, signal] is being enployed to adjust the current - '

circuit &2 3diug hth;snﬁe-rr?ﬁgt PR T8t G Bignaa? AfbAtRh dRARReD i s

;ned_at Ortﬁat the output signal from détector 9 is maintained at or
5 very close to the value of the reference signal from circuit
32.' This being.seé.to a substantially constant value, the
noutput:signal.from detect&: 9. also remains at a subStantially.
constant value. This situation will be maintained over
long:periods of time despite changeé in the charaétéristics
10 of the components in”thémfeédbéék loop. Such changes occur
| most notably in LED 8, due to pas;age_of time ;;a'to ’

temperature_fluctuations, and also to a lesser gxteﬁt in
mdeteétof'ej'for thé“;amém:easéné; | :
-.Ih this manner, LED SIand detector 9 are maintainéd
15 in:cqnditions of operaﬁion_such.that, upon arrival of a
éérticular coin at any time over a vefy long period,_and
irrespective_of-the prevailing temperature, the pulse-
prdduced aflthe output of detector 9 will_héve an approximatel:
_constant form. TheréfoFe, once the device has been
initiélly set with reference level C from circuit 24 adjusted
to préduce adequatelylreliable discrimination as indicated"-
by .the output from comparator 22; this reliability will.pe
maiﬁtained to a much better extent than wou1d bé possible |

without the feedback loop.

e T



5 ~very-close to the value of the reference signal fromcircuit 32.

‘Thi s ‘being set to a substantially constant value, the output signal from
detector- 9 al/so remains at a substantially constant value. This situation
wi |l be maintained over |ong periods of tinme despite changes in the
:charagteristfcs 10 of the conponents in the feedback | oop. Such changes
occuw_ nost notably in LED 8, due to passage of time and to tenperature
fluctuations, and also to a |l esser extent in detector 9, for the sanme
reasons. .In this manner, LED 8 and detector 9 are naintained 15 in

dit f t I t
condi tions of operatiopy gug&ﬂ%gxfntg¥) 5€é'2§i(é“ éPQEééég?+grwgghn adt any

time over a very Iong perd irrespective

temperature, theuprhse RoAGEGaH 1R éﬁecﬁ’él%ﬁ 0{] d@éeeﬁ&& Q vhht Eﬁéefeed-

approxi mately constant form -Therefore, once’ the deV|ce as been 2

initially set whhBkr ¢bepeacrd et s@ﬂﬁﬁﬂéﬂtf}?é“% uPde g st £€e 8 Oppr gduce
adequatel y .reliable disCrimnation as indicated by.the output from

conmparator 22, &bif,rehiehi iitt would ddmiTdai 668dt €oadduch Dest gerempent
t han woul d be pOSSIb|e wi t hout the feedback | oop. The function of

gate. 28, 6n con;unmhiﬁnaWnt hh& fd:uﬁ;hﬂf obristedter I reons 4t . i SWhenesher e

that the feed-. “disturbance detector 19 detects the approach of a coin at
time tl or t2 (Figﬁre 2) it triggers monostable circuit 40

~which in turn closes gate 28. for a fixed period of time

£&T' so that during most of the duration of the pulse the.

N 10 feedback loop is inactive. However, sinCe closure of the’

" ii“u.. ' . gate 28 is equivalent to insertionaof_a very high impedance.;i
- in the signal.input to integrating ampiifier 30,‘the amplifier
output responde only very gradually to this condition'and _: |
.iaffact”the effect impOSed on current control circuit 34 -
-15 7 is so small as to'be negligible. |
| Gate 28 is re-opened by monostable circuit 40,

cpreferably before the termination of the pulse, so that the

c1rcuit is restored to its normal condition ready to sense
a further coin which may be follow1ng very closely after
20 the first one.
| Since it is the light emitter 8 whose characteristics
are most subject'to variation through ageing and temperature
ehahges, it may be sufficient to stabilise only this component
of the systeém, in which case instead of feedback light

25_ Being-reeeived by. the main light detector 9, a separate feed-




backg®etp does not suppress the pul se generated by a coin, which it would

othefp#ise tend to do in its attenpt 5 - to maintain the output of

det e ‘Dqunstant. When the disturbance detector 19 detects™the approac

of -afdBin at tinme t| or t2 (Figure 2) it triggers nonostable circuit. 40

whi cpgen turn closes gate 28-for a fixed period of tinme [ERR] T so that

’ nDst of ‘'the duration of the pulse the 10 - feedback loop is

‘e. - However, since closure of the @&te 28 is equivalent to insertion
of -aj&ery hlgh_lnpedance in the signal input to integrating anplifier 30,

- - lifier. output responds only very gradually to this condition and in

, fact e effect inposed_on current control~circuit 34 15 is so small as

. to biEnegligi bask Galtghﬂ&ietec’eenplaaydbbymmm geteiving4somer eferabl y

. befofge the ternmination of the pulse, so that the circuit is restored toits

por njg: condi t ithe ﬂd@&ﬁtfr@mnsniaténrBheando¢MQMqu#Pm©y°5ethé$I5“Fﬁ§er
i_very:closely after 20 the first one. Since it is_.the light emtter 8
~ whosl’char act deteatoyr may neetappbiedt too amaueraﬁqmdqiﬁﬁ@%magérﬁg%n&uch

: tefrgrature changes, it may be sufficient to stabiljise only_this conpqQnent

- of the systemas |kﬂ#%§§%tiﬂ§té@BléﬁlﬁééG&iﬂéqxgﬂﬁSQBibedbeFﬁng APed’

- by tfe main |ight ‘detector 9." a separ at e _f eed-
& 5 an error signai for controlling the power supply to emitter

,8, thuS'rendering the light output of the latter constant.
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back | ight .detector may be provi ded, receiving sone of the light from <;;§
emittfer 8 and the..output of this further detector may be applied to an
error-detectlng CIrCUIt such as the integrating anplifier already :
descrlbed to develop 5 an error si'gnal for controlling the power supply

to enttter 8, thus rendering the light output of the latter constant.

CLAhMB 1. Apparatus for discrimnating b& ween circular coins

haracter st les. eomprising a 1igntemeor arr o AN U] lllLt ont o

ithe. edge of a coin 5 passing along a coin path, a °I'i ght" det ector for
detect- ing | i ght. ré$¢%¥ﬂ§ﬂ fromthe coirn edge, and detectlng nmeans
iarranged to produee an output signal. i ndicati ve of whether the nean slope
‘of a portion of the det ector output pul,se which is produced when a coin
‘passes the 10 de ecto IS reater or, less, than abﬁgredeterntned e

Ireference val ue.. Apﬁ Pa?ﬁgtgéccSPJ'n&1%QTiWﬂQﬂ?ﬁnﬁ. €renn- eippylar
partion is the: rlse of . t he . det ect pul over .__an_ipteyval,
‘of{ predet er ni ned dur@eins 18 IoﬁPﬁSt é 1y" Yhe Same size”"buf ha¥ing

.} . - different .edge eharacteristics, comprising a light.
! emitter arranged to throw light onto the edge of a coin
L 5 - passing3alehg a'coin path, a light detector for detect-
e :ing light refleeted from the coin edge,'and detecting
means arranged to produce an output signal indicaﬁire
of whether'the mean slope of a portion of the detector
b output. pulse which i§ produced when a coin’passes the
10 .  detector is greater or less than a prEdetermined-'

reference value.

2. Apparatus according to claim _1, wherein saié
portion is the rise of the detector output pulse over
15 ;"_an interval of predetermined duration following the
'level of said pulse-becoming equal to a c¢coin arrival

| " threshold.

3: Apparatus according to' claim 2, wherein the .
20 o detecting means comprises a disturbance detector
- responsive to the detector output signal rising above

said . arrival threshold, a comparator circuit for




: A
i.d: pul se beconing equal to a coin arrival threshold. 3. (Eéij

Appax af accotdrng' to claim 2, wherein the 20 - detecting neans
cornpr.i di st ur bance detector responsi ve to the detector output

si gnal |ng ‘above said arrival threshold, a conpara '

conpar the detector output signal wi'th sai d re- HmmmlllME{MCe
val ge, ate circuit arranged, when open, tofTeed t act or cut put

el 40 t he conparat or circuit, and a - ‘nonost abl e circuit 5

#:ed by the disturbance detector for closing the gate circuit for

a prdddtermned tine follow ng response of the disturbance detector to
dgigect ar out put sogpabkingsitiye adetectard autpubl sipredhowdithl®aid 4pre-~
g accordi.ng to :any preceding “claim wherein the emitter and . -
det ec®r are. nount edetenminednmefengnce analusepaa; agatie faisauidhearnangads

)

by - a.aartltlon 15 5. Appar at us- accor di to any opreceding - :

cl ai nfe wherein the eﬂh?ﬂepﬂﬁﬂnwt%eﬁeadhﬁﬂﬁ ?@F%g euseutprohanesd tov the
" ofgening. and a lens . to define di vergent |ight beam and the

B conpri ses cgmparator clrcuit - and a ~ monostable circuit

5 “controlled by the dlsturbance detector for closing the
gate circu1t for a predetermined  time follOW1ng
response of the disturbance detector to the detector

output 51gnal rising above sald arr1va1 threshold.

1dlt- by, Apparatus according to any preceding claim,
fwherein the emitter and detector are mounted in a
[ ]

common .unit and separated from one another by a

partition.

15'. 5. Apparatus according to any preceding_ claim,
| wherein the emitter comprises a light emitting diode

provided with an opening and a ‘lens to 'define_ a

W divergent .1ight Beami and the detector comprises a
photosensitive transistor provided with a further
opening and a further 1lens to provide the photo;

sensitive transistor with an acute viewing angle.

.6. . Apparatus according to claim 5, wherein the onen-
ing-and.lens associateo-with the light emitting diode
define a divergent beam of about L0° solid angle and
.the_viewing angle oftthe photosensitive transistor is

.about 40° also.




L

photosen5|t|ve transi st or prOV|ded with a further. 20 '_ opening and a
furkher lens to provi de the photo- sensitive tran5|5tor mntn an acute

V|éwnng anglie. 6. Apparatus'accordlng to claimbs, I Nng
-"and | ens associated with the light emtti ng di ode 25 “ Wrmar gent

beam of about [ ERR] solid angle and the V|emnng angl p osen5|t|ve
- transistor is about 40 al so. 7. Apparatus accordlng to any

- preséding claim wherein the light emtter is provided with means for
adjusting-the intensity of the emtted light and a feedback loop 1is E
~arranged to control the afpparhbdsd accdRelg S0t8S kLA tew@g&g t@faim,

 emtted |ight intensity constant. 8. Appar at us accordlng to clal

. appended to clai m 3,whdées B nthee Xigatbackit0ep GHTHHSEEdERARS tho mk%ns for
. derive an error signal in dependence an the difference between the

detector output = siaghjistimg thepr tatensefgr efce thl Uemi gt EANOBE €and a -

. circuit responsi ve to the output of the disturbance detector, and a gate

" circuit controlled ffeedbmekoioxipablis carrangedo s contirdl . 15he @@j\ﬁ@@ing-
. the detector énnpu signal from the -error ,

: means so as to tend to keep the emitted light intensity

-constant.

-6,_ Apparatus accordlng to claim 7, as - appended to

clalm 3, wherein the feedback loop comprises means to

..1O.ﬂ derive an error signal in dependence on-the.dlfference

- between the .deteetor output signel and}"a~apreset::

reference value, a monostable cireuit respon%ive to;the_'

output of the disturbance detecpor, and a.gate circuit

dcontrolled by.the'monostablelcircuit so as to dis-

15 connect the detector output- signal from the error

o signal deriving means for a duration similar to that-of |

the deteetor output pulse, following response of the.

disturbanee detector to the detector output signal’
_ rising above said arrival threshold.

20 |

9. - Apparatus according to claimn8, wherein the error.

signel deriving means is an openational amplifier with

eapacitative feedback and very high input impedance.

-

p
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ving neans for a duration simlar to that of the detector output <§b

sign let

pufsg, owi ng response of the disturbance det ector—te-the detector

out put fral rising above said arrival threshold. Appar at us

accordi o clkaim 8, wherein the error signal deri Ilm um'rm

operati “anplifier wth capacitative feedback an

i npedatg " 10. Appar at us according to any one of claims 7"t oS

append claim 4, wherein an openlng’ in the partltlon |s .
arrang§@tto allow a proportion of the enmitted |ight to pass directly to the_
l i ght - 'ector 5 11... Apparatus according to claim 7f tﬁonprlf{ng a
furth i ght detec apranged to_receiVve a proportlon Q e emtte

l'i ght. regtly fro tl@he FPBﬁ? gHFtF&F°ﬁ&% tFUFPWéP PGhFladéﬁbgt&P as.

B part. of f egdback _I.o0p ar at us
ﬁﬁfngtlng bet%gégn&ggrcgs 5 %Eﬂn.%H|y°?%%1n§anén sthg - .
- gavinng differe da ubstantlall .
_herel _efore descr|§%ﬁt§mg?§nre§eré%%3%¢ gar "fama propozytxon °]f5_ the.
: - F emitted light to pass directly.to the-llght detector.

11. Apparatus ~according to claim 7, comprlslng a
further light detector arranged to receive a proportlon_
' of the emitted light d1rectly from the llght emltter;
| . said further llght detector forming part of said
;Mm1° feedback loop. e
: | , g
12; ApbaratUS for .discriminating. between c;rcular'
_Pcoins of substantially;“the"tsame' size but navingn
1~different edge - characterlstlcs, substantlally _
H15 herelnbefore descrlbed with reference to Flgures 1 and
2 of the accompanying drawings. ‘
13. A_method of.discriminating between circnlar coins_
of substantlally the same size but hav1ng different
20 edge characterlstics,_comprlsing throwing 11ght onto
the edge of a ccin passing alcng a'ccin path, using a
detector to detect light reflected from the coin edge,
and detecting whether the mean rate of.change of the
amount of 1light detected is greater or less than a

25 predetermined value.




-

-2 of. the acconpanyi ng drawi ngs. 13. A nethod of discrimnating between
cirgular coins of substantially the sane size but having different 20 edge
characteristics, conprising throwing |ight onto the edge of a coin passing:-
"along a coin path, using a detector to. detect light reflected fromthe coin.’
edge, and detecting whether the mean rate of change of the amount of |ight
deteé;ed'is greater or less than a 25 predeterm ned val ue. 14. A

met M&d of di scrim nating between circul ar-coins of substantially the sane
size but having different edge characteristics, substantially as

her ei nbef ore described with reference to Figur 1-and 2 of the 5 _
acconpanyi ng draw ngs. *The text of the specif{ﬁgtion has been reproduced by
phot ocopyi ng the applicants original typescript. - It may contain a few
amendments which are difficult to read. The original typescript

cont ai ning these aneﬂdnénts may be inspected oan_the prem ses of the Patent .
Ofice o 14. A method of discriminating between circular coins

of-substantially the same size butmhéving different

edge'-characteristics, substantially as hereinbefore'
described with reference to Figures 1 and 2 of the

5 accompanying drawings.
The text of the specification has been reproduded by photocopying .’che' applicants oz‘ig.i.nai:-__

typescript. It may contain a few amendments which are difficalt %o read. The original
typescript containing these smendments msy be inspecied on the premises of the Patent Office
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