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A common ccin sensing methcd empleved kv previcus
devices is the use cf a sensor coil whose impedance is -
changed ky the nearby rresence of a metal object such as a
coin. COne type of discrimination circuiz using suca a2
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s a
senscr coll is a bridge circuit which includes standard
c

c
impedance elements in additicn to the coil. Passage c3I
the cocin near the coil then causes the balance point to

change. Ancther tyre cf dezecticn circuit uses the czil
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near the ccil causes the frecuencv a+t which t
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resonates to shift. By measuring the frequency shi
is pessible to detect the presence cof a coin.
furthermcre, the magnitude of the frequency shift will

depend on such things as the size and material content
(e.g., iron, ccpper, cr silver etc.) cf the coin.

[oH

Therefore, standard frequency shift "signatures" for vali
coins can ke ascertained allowing the circuitry to
discriminate ketween dencminations cf valid coins. and
between valid coins and cther objec:s.

A preblenm with senscr coils ¢f the “ype dascrixed
abcve, however, is that the change in impedance (and

frequency shift) is dependent upcn kcth the total retal

nass of the ccin and the particular material cut cf which
the ccin is made. This means the same impedance change
can e caused by either a large, lcw resgonse material
(e.g. ccpper) coin or a small, high response material
(e.g. iron) coin
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nmet er. Prinﬁ{;fobjectives of such devices, are to discrimnate betmgen J ;
val i d coins/and counterfeit ones or other coin-like objects, as well as

bet ween di #ferent denom nations of valid coins. A common coi n
sensi ng n#t hod enpl oyed by previous devices is the use of a sensor coi
whose i npedance is changed by the nearby presence of a netal object such as
a coin. /One type of discrimnation circuit usi-dag such a sensor coil is a
bridge/circuit which includes standard i npedance elenents in addition to
the cgil. Passage of the caoin near the coil then causes the, balance point

to chiange. Another type of W&t‘ettFoR®ciTTdit-Gs838Y the caii-as part>ot® an
osci/l lator circuit. a=Thezpresenee of a-Toi monearceher cuisczéausess timcwasen
frequency at which the.gscitdal gearesopates Lo:shifls:: By :apagyring: the
frequency shift it B , N -

whaers the ccin sensing device dces nct have aczaess ¢ an
{- extarnal rcwer scurce.
-, - -
Tha present invenitizn 1s a coin senscr which

s
~as part of an cscillatcr circuit., The ccils are ~
physically positicned so that a ccin to be detectad rcasses
sequentially ¢
apart at approximately the diameter c¢f the largest coin |
accepted as valid ry the sensor (e.g., aktout 2.43% cm. (.94
inches) for a U.S. gquarter). A coin passing thrcugh the
first coil changes the impedance of the coil so that the
frequency cf the cscillater cutput increases. The
resulting frequency shift will ke maximum when the cocin is
at the center of the coil. As the ccin exits the first
ccil and enters the regicn retween tlhe twe ccils, th
cscillator frecuency decraases and then increases again as
the coin passes through the second coil. Thus the coin
rassage prcduces two peaks cf maximum freguency shift
separated by a local minimum. The frequency at the lccal
ninimum will be very near the steady-state value for a
small coin since the coin will have a very small effect on
either coil when in the region between the two coils. A
larger coin with the same material content, on the other
hand, will still affect both coils to some extent so thas
the oscillator frequency at the local minimum will ke
greater than in the case cf a small coin. The present
invention therefore allows discrimination between large,
lcw respense material ccins and small, high response
material ccins. Also, since the coin passes through the
colls where the magnetic field is strongest, more
sensitivity is oktained for a given amount of power.

It is therefore an chject cf the present

inventicn tc be capable of distinguishing ketween large
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is possible
the freque

0 detect the presence of a coin. Furthernore, the magnitude of
y shift will depend on such things as the size and materi al
content (e/g., iron, copper, or silver etc.) of the coin. Therefore,
standard frequency Shlft "signatures” for valid coins can be ascertai ned

al | owi ng the circuitry to discrimnate between denomni nations of valid coins
and betfveen valid coins and ot her objects. -3- A problemw th sensor
coils o6f the type described above, however, is that the change in inpedance
(and frequency Shlft) s dependent upon both the total nmetal nass of the
coi n/and the parti citars~Rateff &Fs oit-c6f *RAFeh atfe 3CoirACT $* Frad€2SETRTS fAsans
t he sfarrF |(rrpedance ;i‘ﬁ.ngexaa besé:—mmd by eﬂstdm&:a;.bargﬁ;-:l-gwd&esp@nse
erial (e.g.

[P PP R

-

ws an exemplary fregquency signaturs. -
is an electronic schematic shcocwing the
menitering circuitry for tracking the freguency cf the
cscillatecr circui

i
Figure 4 is a schematic of an exemplary cptical
Figure 5 shows the senscr housing andé shieléd

Figure 1 is a schematic showing the ghysical
arrangement cf the two sensor coils 1la and lb and their
incorporaticn into an exemplary oscillatcr circuit. The
coils la-b are designed to ke placed in the coin’s path so
that the coin will pass segquentially thrcocugh each ccil
It is expected that a typical coin-operated meter
employing the'present invention will have the tweo ccils
la~-b mounted within a coin chute so that an inserted ccin
will fall through keth ccils.

In crder for the monitcring circuitry descriked
relcw to kncw when a ccin is abcut to enter the sensc
colils, some type of coin detacter should be placed in the
4

o

coin path just in front of the sensor coils. Figur
shows 1in schematic form an cptical ccin detector

()

mprising a light emitting diode D1 and a phctotransistcr

IR 10. When a ccin or other object blccks the light

]
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ot

ce2d frcnm dicde D1 frcom reaching phototransistsr TREL,

This Sheet Has Been Replaced

LT




properly di'scrimi nate between

_2.',.- : [ G
N 1 7_‘_) Il
PreV|ous sensor c0|Is may al so require a |arge anmount of power in”drder
_4—
—he lLatter turns off which provicdes a coin detect signal
CNDTCT Zcor use by the menitoring circuizry. In a
creferred embcdiment, the diode Dl 1is pulsed pericdicallvy
rather than having z ccnstant veltage appliled in crdsr z:z
cecnserve power, The moniitoring circulizry %hus locks for
the asserticn cf QNTTCT alfzer a rulse has zeen applied cc

-~
ase

1
ccmprises the sensor ceil

gai

The oscil

S
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included in Figure 1 to represent series losses in the

lcs
acted

coll and parasitic ses, respectively.

are electrically cenn in series so as tec previde a
feedback path arcund the cascaded amplifiers Al ancé A2.
Because amplifier A2 is inverting, the signal fed lkack
phase shifted 1809,

enmplcy any numker of cascade
céd

The

threcugh the sensor coils is
Alternative embediments nmay
iers as lcng as *thers is an numker cf inve
vide the 1800

oscillator circuit

thase shift. result is an

frequency depending on the values cf L and C, where L is
the total

Ry, and capacitor ¢, are included to stabilize the

£™s
-

inductance of the senscor colils. The resisto
amplifier delay over the intended operating temperature
rangae. It has been found that temperature stability is
also enhanced by potting the coils la-b with a suitable
(and preferably low less, e.qg.,

non-carben kased) pettin

cempound.
temperature stable resistor (R,) also enhances stabilit
cver the orerating temperature range.

In one specific embodiment, the following

onmpenent values were used:

C - .0022 F This Sheet Has Been Re
C, - 220 gF

R. = 400 chns

L - 2400 H

Using temperature stable capaciters and a very
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which oscillates at a certain rescnant
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coins. This/can be a particular problemin applications whete the coin - 2
sensi ng devf ce does not have access to an external power source.

The prese invention is a coin sensor which enpl oys sensor coils
electricafly connected in series and as part of an oscillator circuit. The
coils are physically positioned so that a coin to be detected passes
sequentjal ly throughetrheLtw® o |is:d:ctheceod xrar eespacettapark at< iz,
approxi‘mately the di.amgteL_ of ihe.l arggst.coin-accepted as vali-d.by-the .
sensor (e.g., about” 2,44 ¢m (.96 _inches) Tor a U'S "quarter). Acoin ~
passi’ng through the i FSFPEHHT™ clRai§és -t he® i Micdanéecof “tate ©6i F-so-that ,

t he /frequency of thscascetbator out-putehagrensesesThesresulaticngcfeguency
shift will be maximug whgn the.caingssal-the geater,of- the coil: - As: the

: - - RN I

coin exits the first

i P =3 1 3 PO - 1 bl ~
tne magnetic fileld zrxcduced by the senscr cclls la and ik

o & = ias = . = hER) o~
LOT0 @ cgin ac Thiess Iredusencies 1s accuc S MiLliinetars
f et 3 - 5 R & B
which i1s the aprroximate thickness ¢f the cladding on
PR . . e ™ P e 4w M =
multilayer coins such as the U.S. guarter This allcws
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to better distinguish between bulk and multilayer ccins.
The btasic principle cf cperaticn is as fcllcws.

Referring to Figure 1, the resistor labeled R  is

intended tc represent lcsses  introduced to the coil sensor”

by insertion ¢f a ccin into the coil cere. These lcsses

generally result frcm eddy currents induced in the ccin.

With no coin in the coil, the value of R is effectively

pde

nfinite (nc losses) and the effective value cf R,

L

ecreases with the insertion of ever more lecssy coins int

-~
~

LY
3

s
il cocre. The decrease in the effective value cf

t

oe

Pt
0
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uses an increase in senscr cperating fraquency in
accerd with the following discussicn.

From kasic electrical engineering principles, the
expressicn for the input voltage to amplifier A, given a
sinuscidal cutput frcm amplifier A, at radian frequency
w is:

Vin, = Vout, *(1/(1L + Ry /R, = w? LC; +JWL/R_ +jwC¢Rg))
wherein R represents the losses due to the inserted

coin and R; represents the series resistance of the ccil
with inductance L. The phase angle between the input and
cutput is then:

Arctan (-(wC; RgR + WL)/(R + R¢ =-w? LC; R ).

Referring to the temperature stakle compenents Ry, and

Cy, in Figure 1, the combinaticn of those components
clcsely approximates a fixed delay D set by the tine
constant ¢f C; * R, seconds. € radian freguency w, a
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coil and entérs the regi on between the two coils,

the oscillator frequency

decr eases qnd then increases again as the coin passes through the second

coil. Thus the coin passage produces two peaks_ of
separated. by a |l ocal m ni num
very near the steady-state value for a small
a very smal

Ne by e

will gtill

affect both ¢6i'l s'to Sonme éxfent”so thaf

maxi mum frequency shift

The frequency al the local nmininumwll be
coin since the coin w |
ef f ectsareceizkher coid ashenaibnt he: regnagebetyeen 1 he «bwo
coils./ A larger cojn,w.th tbeasangmnaLerLal,cgﬂ;eqt,ﬁpgstbg

2thée o

have

e ofher. _hand,
sci |Tator "

freqency at the | cCESIAERANT Wi 11~ Bacgreat er® t378nSi ASERES tee 6f “a2smal |

coi

The present ddaneent cea-thesefierenakl ove disses mroatzronetween:l ar ge,

| ow response mater il ,gaing and small.. bigh,resRanse geteri al,aalns,, Also,

si/nce the coin passes through the ™77 °

by . - (] 2 < -~ 4 . :
deTarnlnling Toe LSCr cscli.aticon freguency ~aL8 Telng
, = = g =
. . iz s N el o et i -
/ SO, The Toltal pnase silIit arcuncd The LCCP Wi.i T8 T.cse o
N e R N - Te - t‘-s A e A - eca<icn Do m i -y
<rL Tallans, s3C Tnhe gowvernling guatiln ICr Tle ihase

-(wCs RgR, =+ WL)/(R, + Rg¢ =-w?LCR ) = Tan (wD-Fi).

Since the tangent function repeats
-(WCsRgR,_ + WL)/(Rg + R, =-wZLC;R_)
In practice, the phase angle wD is
tangent is closely approximated by
approximaticn becomes: .
-{wC; Rg¢ R, + WL)/(Rg + R, -w? LC;
R, R¢ + WL)/(R, + Ry - w? LG
Simplificaticn and solving for the
vields:

W

R, ) + wD

every Pl radians:

= Tan (wD). -
kept very small sc the
=

o

crerating W

freguency

((1 + R¢ /R, ) /LC, + 1/C; DR + Rg /LD)'/2.

In practice Ry is kept very small compared to R, so

further simplification yields an approximaticn of the

operating frequency w as:

w = (1/LC; + 1/C; DR+ Ry /LD)'/2.

Thus, with no cein in the

sensor, R, is

effectively infinite and the operating frequency is

dependent cn L, C., and D, which are nearly ccnstant

cver the operating temgerature range by design, and on

Ry which is a function cnly of temperature and the

temperature characteristics of the
which is kncwn. Hence,
the sensor, the temperature can be

cperating fregquerncy,
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coils where Ehe magnetic field is strongest, nore sensitivity is obtained

for a givery anount of power. It is therefore an object of the
present invention to be capable of distinguishing between |arge
-3- - -

micrcprscesscr So perfirm Sanscr sarametric Tamperaturs

/ AS a ccin enters tihe senscr, 2448y current losssas
' o g g fSamer s erm Tas ~E D amA moitEas A fmevom o
S2QUC82 Thne 2IIgCTlve valdie CI X and Cause an LnhlTrsass
.0 the senscry crerating frequency which 1s ckserved at tha
- R - - - -
senscr cutgut SENSIUT. A ceoin descending through the
. . : STM oA -
senscr ccils will cause the frsguency cf SENSCLT to
; o C e .
increase to a maximux when the ccin is within ccil la,

h 1 . . . - 9 3 e La
decrease to a lccal minimum when the coin is ketween the
o~ ~

. . - . : _
coils, and increase to a maximum again as the ccin rpassss
: ‘s s g s e
through ccil 1b. These positions are indicated in Figure

'a
o
%
‘4
<
o
u

2 by the labels MAX., MIN, and MAX;, rasi Y
Thus, by measuring the frequency cf SENSCUT as the ccin
sses through the senscr coils, frequency values for the
positions MAX,, MIN, and MAX, may be ascertained.
These three fregquency values ccnstitute a signature which
may then be compared with standard values stored in a
table to determire if the coin is valid and, if so, its
cencxmination. Figure 2 shows an exermplary signaturs whars
oscillator fregquency is plotted versus ccin positicen
(equivalent to time).

Next, the mconitoring circuitry will be descriked
with reference to Figure 3. The monitoring circuitry
basically comprises two counters, a coil counter and a
reference counter. The reference counter is driven byv a
crystal oscillator at a fixed frequency while the coil
counter is drlven by the SENSOUT signal frcm the senscr
oscxllator 15, After initializing the two ccunters, the
cperation of each is triggered by the SENSOUT sign al.
After the coil counter has reached a predetermined value,
the reference counter is stopped and its contents read.
The reference counter contents are then inversely
Froperticnal to the frequency cf SENSOUT.

The operation of the moniteoring circuitry :is
ccntrolled by an appreopriately programrmed microcomputer

MCl. The ccrmputer MC1l has in its memory a table cf
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and smal | coins which woul d have an identical response for a single coil

sensor.

Is a further object for the device to provide a coin sensing

device with | ow power consunption. Qther objects, features, and advantages
of the invention will becone evident in |ight of the follow ng detail ed
description considered in conjunction with the referenced draw ngs of a
preferred exenpl ary enbedi-Aent-ACGRLALAY-L 0. the L osent ¢dventtcORezeorzine
Figure 1 is a schenagighgf_oscillatét circuit show ng_the arrangenent of

t he dual

sensor coi |5 it adtot tandé “wieh T1F Present Tnvention.

-t

Figure 2 shows an ex@placg~frazjuency si ghat re.sensed 2y LR gurecd-iscan

el ectroni c schemati c:=she
frequency of the oscillator cireuit.

4

=R

WeAgsihe: menkt oring: iy cuist:ry for-44 agking: the: -

ol PO LR M ) el mar mmemvmctde e
S mtaE - e - ~h1S S;-_an:a.'. L8 nnlitcrsa - ¥ [otohr S oh iR

T PN .

h] - . ™ - 3 - - b + % -
gulse to dicde D1, indicates that a coin 1s akcut To enter

ner=ally held in a low-pewer standby st
menitering circuitry is designed so that upcn the
assartion of CNDTCT, the computer MCl underiakss certain
startup cperaticns for the moniteoring circuitry such as
turning cn the crystal cscillater 25 and engaging the

so that the senscr cscillator 15 begins to
cperate. After stabilizaticn ¢f the crystal and senscr
cscililators, the computer MCL asserts the signal CLSENSCR
which clears the coil counter HC393. CLSENSOR also passes

thrcugh XCR gate G13 to clear the ccunt synchrenizing

(r

2
=3

c

nto an internal 156-:
P

[

e & hi 3 ey A R £
1 LCHI and lcad all cnes intc 4-bit reference ccun

0

1=

ct
9i. The micrccomputer at this time alsoc loads all cnes

it reference ccunt which is regarded

e

by the ccmputer’s programming as cascaded with 4-kit
counter HC191. ‘he internal 16-bit ccunter and 4-kit
ccunter CN91 together thus form a 20-bit reference cocunter.

After SENSOUT from the sensor oscillator has gcne
through one cycle, the sensor ready latch LCH2 is clecked
to the reset state by the least significant bit (CAl) c=Z
the coil counter CN93. Resetting latch LCH2 drives its
output signal SENSORDY lcw which then enakles the
reference ccunter CNS1 to start counting dcwn, driven Ty
crystal oscillator 25 after passing through a freguency
doubling circuit comprising gates G10 and Gll1. In a
preferred embodiment, the frequency cf the crystal
cscillator 25 is on the order of 4 MHz sc that cocunter
CN91 is driven at 8 MHZ. The 4-bit cutput of the

S

2, and S2) is received L

refarence counter CN91 (S0, S,
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I 4 .
Figure 4 is a schematic of an exenplary optical coin detector. .
Figure 5 shows the sensor housing and shield assenbly. Figure 1 is
a schematic showi ng the physical arrangenent of the two sensor coils la and
1b and their incorporation into an exenplary oScillator circuit. The coils
| a-b are designed to be placed in the coin's path so that the coin wl|
pass sequentially thiougheach goil. 44 iis-expectefddikata-typiLalzunss

Y

coi n-operated neter, enplqylng the presenL_Lnyggt¢Qn wnLthave theang coils

la-b nounted within~a Toim ¢hate %o that af-inserted c6rn w1~ ‘ffal'T"*Through

both coils. 23 rfordar (fo?- t héamORCROERNGC G T GOFERFY- tescrsiched bel ow

to know when a coi n=fs=@about toseMLr-d-N@5€880ve countars. on the 234:h
ingrementing ¢f %he ccil zZountar CONE2, the zount
svnchrsnizing latch ILCE1 is clcckad to the set stats :zv

{ the 20D cutput of ccil ccuntexr CNOI inverted through XCR

gate Gl4 Cn the next SINSCUT gulsa Ircn the senscr
cscillateor 15, the least significant bit c¢f ccil ccuntar
TN93 (CAl) clcecks the sers L

counter CN191l. The cutput SENSCRDY c¢f the senscr ready

latch LCH2 is menitered by cemputer MCl and, when it
becomes set, the cecntents cof the reference counter CNS1 is
ready. The reference counter ccntents at this time are
inversely propcrtional to the frequency of SENSOUT. By
taking segquential readings in this manner after being
triggeraed by a signal frem the cptical coin detector, :wo
frequency maximums and a lccal freguency minizum cf
SENSCUT may be cbtained which ccrrespond to the coin keing
at the pcsiticns lakeled MAX,, MIN, and MAX, in Figure

1. The resulting signature comprising the three frequency
values may then ke compared with previously stored
signatures corresponding to valid coins to determine the
validity and denomination of the coin.

The following table gives the component part

numbérs and component values for the embecdiment descriked

in.gigure 3.
Reference No. Desgripticn

Rl 4.7X

R2 4.7X is Sheet Has Been Replaced
c1 .1 F

o3 .1 F

C4 .1 F

Cs .1 F

Gl0 Part No. 74EHC86
Gl1 Part No. 74HC86
G1l3 Part No. 74HC86
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coils, sone type of coin detector should be placed in the coMn MﬂrVFhéﬂJﬂnBI.t
front of the sensor coils. Figure 4 shows in schematic form an opti cal
coin detector conprising a light emtting diode DI and a phototransistor TR
10. When a coin or other object blocks the |ight“Tenmitted from di ode D1 from

reachi ng phototransi stor TR1, -4-
fafsrance Mo, 2esgricTicn
. - -
Gla Farc 35
HCIsl Farc 152
T - -
LgHzZ rFars 4
bdiads & ] ™ -4
PGy 958 Fa&r< ;=
L3 - -~ -
HCzs: Farc 283
- ~ = t ~ ~ - - - 3 -~ - -
In crder for the davice as just descrifed tc sivs
3 & I -
repeataple results for each ccin, any amplent losses the
-~ T e . hl . = - -
’( senscr ccils are subjectsasd teo must e relatively conszIant
sinc L ede) T mmm e yn Yy gy b c'nan o o = Lt al Yok Baolal=)
ince those icsses contrikbute to changes 1n tThe inmpedance
- ~.
- . s . Dy oz - .
of the coils and changes in cscillaticn frequency.

Ambient lcsses may ke caused by any wmetal in fairly clicse
proximity to the coils (a few inches). Thus, in order Zcr
the device to function properly in a variety of different
environments, it is desirable to shield the senscr ccils
from nearby lossy materials. In a preferred emkodiment,
therefcre, the sensor ccils la-b are shieldad frecm suct
materials by a metallic housing. Figura S shows the
sensor ccils la-b wraprped arcund cppcsite ends of a
rlastic kobkbin 60 and series ccnnected by segment iC.
(The bcbbin 60 must be rlastic or scme other ncen-lossvy
material to minimize steady state parasitic lcsses).

The kcbbin 60 has a coin slct 61 sc that an
inserted coin will pass sequentially through the senscr
coils la-b. With the kobbin and coil assenmbly placed :in
the metallic housing 50, the sensor coils will be shielded
from nearby materials housing 50, which, in a preferred
emhqéiment is‘constructed of zinc with a thickness of
apégbximately .1 inch. The sensor coils are enclosed as
completely as possible and spaced approximately 1.27 c=.
(.5 inch) from the housing in all dimensions. The
material of which the housing 50 is made does cause losses
that change the cperating frequency cf the coil systen.
Those losses are relatively small and fixed for a
particular embodiment by the material and distance cf the
hecusing from the senscr coils. The coil will therefcrs
Crerate at a relatively ncn-varying freguency in the

environment intended.
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A o o
the later turns off which provides a coin detect signal CNDT&% fof b§§/bb :31
the - nonitoring circuitry. In a preferred enbodi nent, the diode Dl is
pul sed periodically rather than having a constant voltage applied in order
to conserve power. The nonitoring circuitry t fus~l ooks for the assertion
of CNDTCT after a pul se has been applied to diode D1. The
oscillator circuitry shown i =kl gurezd: - conpy i-S€Ss the.sensQL eGOLLS lggb,

capacitor Clerr], capacitor.; Clerr]. resistor R[err] gh gafn
non-i nverting anpllfler AL, ""Tand” hlgﬁ garﬁ“1nVertThg“awplrfreF"i@ i1 Reere}
and Rlerr] are incl8de#in Fiagare~1~ tTe T epr €senteserdduseblosges 44y d:he

coil and parasitic |esses: d~espestively.;s Fhe, sensor.calL% SAre .,
el ectrically connected.in seri.es.sa, .85 to provldq?g% f €ed gck pafh"éFGUnd

2 g [ope! hoii
L i3 agretic eazlll rery
t he cascaded anp|IfI6£$ AL and A% i Tz very low
lo bl AN as] $ hj - e -
8CQY current lcsses at high frecuencies -1 the prefsrresd
- vrafsrred
vl - '™ Y -
Slscciment as shicwn in Figure 3, the shielsd 51 ig made 3
= i -~ < - - - <
4 I2rrite material with a thickrness of 1.27 =m {.23C

threough the shield 51 wizh virtually no eddv current
losses, thus allc cwing conly a small amcunt of flux to
@scape thrcuch the coin slot cpenings 61 to interact wich
nearty lcssy materials, including the housing 50. The
shield 51 thus provides a very statle base oscillaticn
frequency for the coil regardless of cther nearby
materials so any significant changes in the oscillaticn
frequency can ke utilized +o inprove the ability cf the

A 3 ;] £, LI,
senscr to ldentify a coin passi ng through the assexbly.

This Sheet Has Been Repl
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Because anplifier A2 is inverting, the signal fed back through the sensor
coi l s S phﬂ‘ﬂl@ t‘ lﬂ “t&m Al ternatlve enbodi ments nay enpl oy any nunber
of cascaded ong as there is ap,odd nunmber of inversions
to provide the 80 err] phase shift. The result“is an oscillator circuit
whi ch oscillates at a certain resonant * frequency dependi ng on the val ues
of L and CJerr] where L is the total inductapoceaf the sensor coils. The
resistor P[err] and capacitor. C[erﬁl,are_LnQLugedvIQ gtabLllzethe
anplifier delay over the inténded operétlng Fewperéfﬁré range.” Tt has been
found that tenperature stabildi £§-Fs-alsEseihafcel VP POLERAY tIRETE6FRS Ta- b
with a suitable (andspreferaall ynloned:0Ss ar€afced MAN<caLbanchasedcpotis ng
conmpound. Using tenperat ure %LQQLQ.Q§Q%HILQE§ ggqig-vggy_tenqugtgge st abl e

..... [RvpS
T ; 3. k St
sensgor coll and ::ere:v change the imzedance c¢f the c¢oil;

resistor (R err]) alS6 enhancés st abi

calr ¢z
&

s
signal at a fregquency dependent cn the impedance c¢f the

[

~ senscr ccils; and,

means fcr measuring the fregquency of the sensor

signal as a coin passes sequentially thrcocugh the senscr
coils to cktain a signature for the coin which can ke
ccrmpared with characteristic signatures cf valid ccins.

2. The coin sensing apparatus as set fcocrth in
claim 1 wherein the sensor coils are spaced apart at
apprecximately the diameter of the largest valid coin <o be
acceptead.

3. The coin sensing apparatus as set forth in
claim 1 wherein the signature conprises a first frequency
maximum, a local frequency minimum, and a seccnd fresguency
maximum of the cscillating senscr signal corresponding tc
a coin being within cne sensor coil, between the sensor
coils, and within the other sensor coil, respectively.

4. The coin sensing apparatus as set forth in
claim 1 wherein the means for measuring the frequency cf

Ry

Sensor comprises:
a fiked frequency oscillator;
a reference counter driven by the fixed freguency
cscillator; '
a coil counter driven by the sensor oscillatoer:
means for enabling the reference and cecil
counters simultaneously; and, means for stopping both
counters when the contents of the coil counter has reached
a predetermined value, the contents of the reference
counter then being inversely propcrticnal to the freguency
of the sensor oscillator.

is Sheet Has Been Replaced
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the follow ng co ,e used: Cerr] - .0022[err] F
Cerr] - 220 pF 400 ohms _. L - 2400 [err]H
-5- =

over the operating hﬁmmw "&e range. I n one speC|f|c enbé?d}mérﬁ7 31

3. The ccin sensing agtaratus as s2t fcorth in
clalnm % whsrain the rafaresnce ccunter is enazled &y oz
zulse Irco the ganscsr cscillasteor

4, The ccin sensing apparatus as s2t forTh in
claim 3 further corprising a2 programmed cconmputar for
rsading the ccntents cf the refsrance czunter and
ccmparing the calculatad senscr cscillater f£rsguency

s programmed to activats
raguency measuring means upcn reacsipt of a signal
from the coin detector.

8. The coin apparatus as set ferth in claim 7

wheresin the coin detecteor comprises a light emitting dicde

and rhotctransistor pecsiticned so that a deposited ccin
will block light emitted frem the dicde frem reaching the
phectotransistor.

9. The coin sensing apparatus as set ferth in
; s d

1
|

claim 8 wherein the light emittir ode is periedically

-

rulsed.

10. The coin sensing apparatus as set forth in
claim 1 wherein the sensor coils are shielded from
external magnetic effects ky a metallic housing.

11. The coin sensing apparatus as set fcrth in
claim 10 wherein the sensor coils are spaced approximately
.5 inches from the housing in all dimensions.

12. The coin sensing apparatus as set fcrth in
claim 10 wherein the housing is constructed of zinc.

13. The coin sensing apparatus as set forth in
claim 10 further comprising a ferrite shield around the

sensor cells.

This Sheet Has Been Replaced
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where L is the inductance of the sensor coils la and Ib. It has beerr Polrdd L 31
experinentally that it is preferable for the cenponent values to be chosen
such that the circuit oscillates at a frequency of between 100KHz and

200KHz. The reason for this is that the dept%i%?%netrati on of. the

magnetic field produced by the sgrsarusetts sensimg kbihst s aleilesat these

frequencies is about:s SamLLtL eJ;S-uh| h . RLOXL Ay i Kn S5 pf
the claddi ng on nul ti I a;‘er cofnﬁ% s%c Eﬁ € ﬁh%:aa%uar?!é?“ eaff“ s%al oWe" t he
operation of the seffiTig B8vIte: (3 ~&es&?i‘b%“oe BEIS6RF 2D PRRIEaFiisRs ngli sh

bet ween bul k and nuldsiirayer Teoiarsaratus is usimulbasrcaprinedqilom ok ccin-
operation is as fol lusacBef grning ta.Elgue L the Lesistar: ] abgled ,RL i's

L COREPOS

zachines. The apraratus makes use cf a twin-coil senscr
which enables it to distinguish between small ccins wi<h
"v nigh metal content and large ccins with lcw metal contan=.
ol -~
This Sheet Has Been Repl
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intended to represent |osses introduced to the coil sensopa)wsseSt:? Jnook 31 .
a coininto the coil core. Those | osses generally resul ng)g\[ ﬂjﬁ cgr %eMtAﬂ 1991

i h

i nduced in the coin. Wth no coinin the coil, the valu

effectively infinite (no | osses) and the effective value of R err]
decreases with the insertion of ever pore:lossy coins into the coil core.
The decrease in the effective value of R err] causes an increase in sensor
operating frequency in accord with the foll ow ng Hi/s8ussi on. From
basic el ectrical engineering principles, the expression for the input
voltage to anplifier Al eks] ven a sinusoidal output fromanplifier Alerr]
at radian frequency wist Viwferet] = Vout[err] *(1/(1 + Rerr] /Rerr] -
wWerr] Lderr] + jwo/Rerr] + jWJerr]Rerr])) wherein Rlerr] represents
the | osses due to the i?serted

55

Al (RD A2
g—‘\"ﬁr——r&"——-“——’- SENSOQUT

ANy

FREQUENCY

This Sheet Has Been Replaced
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coin and R err] represents the series resistance of the cEOT/MSh 93 /0131 2
i nductance L. The phase angl e between the input and out RNtali U@n: ?r t
(-(wJerr] Rerr]Rerr] + w)/(Rerr] + Rerr] -werr] ﬁ[@r;ra] err )6)'*5R 1993
Referring to the tenperature stable conponents Rerr] and Cl[err] in Figure

1, the conbination of those conponents closely approximates a fixed delay D

set by the tinme constant of Cerr] * Rerr] sec~p?d§. At radian frequency
w, a -

[ i
l | A
o [ I/g\’
M) - =
* | =
&) b f ="
_ ~ :
— 1 l }wd 08 o
. 1% S [_‘U =9 o~ q,___
|t i owv —
i b | .13 3% ~
Nk - O, 3O
+__l___3 c O Y
g A

LCH2

i E « > 5

- z$ o & 3

5 ol g 'z 'z
5 g
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-6- fixed delay Dis equivalent to a phase angle of W&pa?p%\’jé Ol 51 2
inverting anplifier Alerr] adds an additional phase angROf -@i ra aﬁﬁsMAR\ 1993
basi ¢ assunption of the sensor operation is that the |osses fromRerr] and

Rlerr] can be kept small so that phase is the dom nant factor in

determ ning the scihlation frequency. This being so, the total phase
shift around theﬁ&@@w’% be close to -2Pi radian8,/$ the governing
equation for the' pha%e ardund the loop is: Arctan (-(wJerr]Rerr]Rerr] +

wL)/ (Rlerr] + Rlerr] -werr]L Clerr]Rerr] ) )-wD Pi=-2Pi or: wC err]

Rlerr] Rerr] + w)/ -(Rler+p + Rlerr] - werr] LdJerr] Rerr]) = Tan
(wWD-Pi) . !

> AMA

| CNDTCT

This Sheet Has Been Replace
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Since the tangent function repeats every Pi radians: -(wC[err]Rerr]Rerr]+
wL)/ (RleFr] + Rerr] -wfr]L err]Rerr]) = Tan (D). In practice, the 4
phase angle wD is kept véry small“so the tangent i¥S closely approxi mated by
the angle and the approxinmation becones;_-(wCerrpRerr]Rerr] + # oy
wL)/ (Rlepr] + Rlerr] -we¥r] LCerr] Rerr]) = wD/r ((err] Rerg] Rerr]_
+ W)/ (Rerr] + Rerr] - werr] Lderr] Rerr] ) +wb=0. Sinplification
and solving for the operating frequency wyields: W ( (1 + Rlerrjq,Rerr]
) /Lderr] + 1/CF DRL + err] /LD :égrr . In practice Rerr] is kept very
smal | conpared to R] err P& fGR%hfC rﬁ;%}i'ﬂl&%t‘?-%ﬁ?‘%"épas an approxi mation
of the operating frequency was: w= (1/L(Jerr] + 1/ Cerr] DR err] + Rerr]

/LD)[err]. . .

The present invention relates tc methods and
devices for sensing the presence and characteristics of
coins as part of, for example, a coin-operated parking
meter. Primary objectives of such devices, are to
discriminate between valid coins and counterfeit ones or
other coin-like obijects, as well as between different

dencminations of valid coins.

14

: common coin sensing method ewployed by orevious
devices is the use of a sensor coil whose impedance is -
changed by the nearby presence of a metal.object such as a
coin. One type of discrimination circuit using such =
sensor coil is a bridge circuit which includes standargd
impedance elements in addition to the coil. Passage of
the coin near the coil then causes the balance point to
change. Another type of detection circuit uses the ccil

as part of an cscillater circuit. The gressncs

.
-~ —~—
-l wa STt O

s d

near the ccil causes the freguency at which the cscillator
resonates to shift. By measuring the freguency shift it
is possible to detect the presence of a coin.

Furthermore, the magnitude of the fregquency shift will
depend cn such things as the size and material ccntent
(e.g., iron, copper, or silver etc.) of the coin.
Therefore, standard frequency shift "signatures" for valid
coins can be ascertained allowing the circuitry to
discriminate between denominations of valid coins and
between valid coins and other objects.

A problem with sensor coils of the type described
above, however, is that the change in inmpedance (and
frequency shift) is dependent upon both the total metal
mass of the coin and the particular material out of vwhich

the coin is made. This means the same impedance

change
czn ke caused by either a2 large, lecw resgconse nmaterial
(e.g. copper) coin or a small, high response material

(2.g. iron) coin.

REPLACEMENT SHEET

07 MAR 1997 -




Thus, with

operating frequency is dependent on L, (Jerr] , and D,
constant over the operating tenperature range by design}

which is a
of the coil
of no coin

REPLACEMENT SHEFT

no coin in the sensor, RL is effectively infjn
c n y
B AR 661

function only of tenperature and the tenperagu characteridtijcs
material (copper) which is kown. Hence, under the conditiorn
I n the sensor, the tenperature can be inferred-fromithe

operating frequency, mhlch will allowthe sensor control
Previous sensor coils may also require a large
amount of power in order to properly discrininate between
coins. This can be a particular problem in applications
where the coin sensing device does nct have access to an

external power source.
The present invention is a coin sensor which
employs sensor coils electrically connected in series and
as part of an oscillator circuit. The coils are
physically positioned so that a coin to ke detected passes
seguentially through the two coils. Ths ccils a e

s
apart at approximately the diameter of the largest coin

as valid by the sensor (e.g., about 2.44 cm. (.88

[a b

accepte

inches) for a U.S. guarter). A coin passing through the

)

irst coil.changes the impedance of the coil so that the

frecquency of the oscillator output increases The
resulting frequency shift will be maximum whnan tThe coin is
at the center of the coil. As the coin exitis the first
coil and enters the region between the two cosils, the
oscillator freguency decreases and then increases again as
the coin passes throuch the second il. Thus the coin

passage produces tTwo

o
()

aks of maxinum freguency shift
separated by a local minimum. The fregusncy at t}
minimum will be very near the steady-state valus £
small coin since the coin will have a very small effect on
either coil when in the region between the Two coils. A

larger coin with the same material conten

ot

, Cn thes other

hand, will still affect both coils to scme sxtent so that

the oscillator frequency at the local wmininum will be

greater than in the case of a small coin. The pres

invention therefore allows discrimination between large,
s

low response material coins and small, high respon

2
material coins. Also, since the coin passes through the
coils where the magnetic field is strongest, nmore
sensitivity is cbtained for a given amount cf powar
It is therefore an object of the rressen

invention to be capable of distinguishing between large



- 7 - mcroprocessor to performsensor parametric t enper at-ut-e - ’
conpensati on. As a coin enters the sensor, eddy current Istes
reduce the effective value of R err] and cause an |ncreasebln ‘et §én§or
operating frequency which is observed at_the sensor output. . SENSOQUT. A Cdln
descendi ng through the sensor coils wi T cause the frequency of SENSOUT !t 0
i ncrease to a maxi mum when the coin is within coil |a,"decrease—to-a—+o¢cal

m ni mim ""Q‘ﬁﬁ fs'ﬂa%lclo'tcﬂorloxﬁsg% "(’)@fﬂr%ﬁ'fd CRAYE: a R“E’déﬂﬁi@é‘ierégpén%x'f@““ agai n

as the coin passes These positions are 1 ndfcated Fi gure
a single ceil sensor. It is a further object for the

device to provide a coin sensing device with low power
consumption. Other objects, features, and advantages of
the invention will become evident in light of the
following detailed description considered in conjunction
with the referenced drawings of a preferred exemplary
embodiment according to the present invention.

Figure 1 is a schematic of oscillator circuit

~ showing the arrangement of the dual senscr colls in
accordance with the present invention.

Figqure 2 shows an exemplary fregquency signature.

Figure 3 is an electronic schematic showing the
monitoring circuitry for tracking the frequency of the
oscillator circuit.

Figure 4 is a schematic of an exenmplary optical
coin detector.

Figure 5 shows the sensor housing and shield
assently,

Figure 1 is a schematic showing the physical
arrangement of the two sensor coils la and 1b and their
incorporation into an exemplary oscillator circuit. The
coils la-b are designed to be placed in the coin’s path so
that the coin will pass sequentially through each coil.

It is expected that a typical coin-operated meter
employing the present invention will have the two coils
la-b mounted within a coin chute so that an inserted coin
will fall'through both coils.

In corder for the monitoring circuitry described
below to know when a coin is about to enter the sensor
coils, some type of coin detector should be placed in the
coin path just in front of the sensor coils. Figure 4
shows in schematic form an optical coin detector
comprising a light emitting diode D1 and a phototransister
TR 10. When a coin cor cther cbject blecks the light
emitted from diode D1 from reaching phototransistor TR1,



2 by the | abels MAX[err], MN, and MAX[err], respectively. —
measuring the frequency of SENSOUT as the coin passes through e sensor |
coils, frequency values for the positions MAXerr] , MN, fand hﬁ&yéRfW9ﬁa¥
be ascertained. These three frequency vajies constitute a {silgnature which

may then be conpared with standard values stored in a tablle to determne if
the coinis valid and, if so, its denom nation. Figure 2 'shows—an

ot

exenpl ary sril—genaltaﬂtﬁe:v\/rmmsosﬁf |t Deh fpespbdey a sceplot detleger siignadi n
Do descr i bad T h T P ddy L oP e B STt E hg Bhrul Lry. bas, cal ly
conpriseslpmﬁi&nnﬁdwembeﬂxm¢mtpOﬂMQedia@d Rl rb$ epehsedcpeantiedicifay
reference GOUUHE difafMAdPIndYa cbhyplat 95ftdba!fpPied thrBdabioquency
conserve power. The monitoring circuitry thus locoks for
the assertion of CNDTCT after a pulse has been applied to
diode D1.

The oscillater circuitry shown in Figure 1
comprises the sensor ceoils la-b, capacitor C;, capacitor
Cp, resistor Ry, high gain non-inverting amplifier 21,
and high gain inverting amplifier A2. R and R, are
included in Figure 1 to represent series losses in the
ceil and parasitic losses, respectively. The sensor coils
are electrically connected in series so as to provide a
feedback path around the cascaded amplifiers Al and A2.
Because anmplifier A2 is inverting, the signal fed back
through the sensor coils is phase shifted 1800.
Alternative embodiments may employ any number of cascaded
o
to provide the 180° rhase shift. The result is an

amplifiers as long &s there is an

[¢7

-
number cf inver crns

Q

oscillator circuit which oscillates at a certain resonant
frequency depending on the values of L and C; where L is
the total inductance of the sensor coils. The resistor
R, and capacitor C, are included to stabilize the
amplifier delay over the intended operating temperature
range. It has been found that temperature stability is
also enhanced by potting the coils la-b with a suitable
(and preferably low loss, e.g., non-carbon based) potting
compound. Using temperature stable capacitors and a very
temperature stable resistor (R,) also enhances stability
over the operating temperature range.

In one specific embodiment, the following
component values were used:

C. - .0022 F :
C, - 220 pF This Sheet Has Been Replaced

X
3
i

400 ohnms l
2400

t
|



count er
After i

is driven by the SENSQUT signal fromthe sensor: OSC|IIafor

nitializing the two counters, the operation of each s’ trsggered by

the SENSOUT signal. After the coil couster has reached p predeterni

val ue,

reference counter contents are then inversely proportiohal.

the reference counter is stopped and its contents read.” The

of SENSOhere L is tlTQe:Lﬁ@&E&Ehﬁa off e MY idKlid rliddy 115,

contr ol

to.the_frequen

15

ned

cy

| ed a teI Logr d nlcrocqnputer NCl he conputer
Ve, haS|%Ftﬁ%§£k$%$y?§ up bFé inm n%gqﬁy that it '1s re;erabl

the component values to be chosen such that the circuit
cscillates at a frequency of between 100KHz and 200XHz.
The reason for this is that the depth of penetration of .
the magnetic field produced by the sensor coils la and 1b
into a coin at these frequencies is about .3 millimeters
which is the approximate thickness of the cladding cn
multilayer coins such as the U.S. quarter. This allows
the operation of the sensing device (as described below)
to better distinguish between bulk and multilayer coins.
The basic principle of operation is as follows.
Referring to Figure 1, the resistor labeled R is

intended to represent losses introduced to the coil sensor

ry insertion cof a coin into the coil core. Those losses
generally result from eddy currents induced in the coin.
With no coin in the coil, the value of R is effectively

infinite (no losses) and the effective value of R
L

o8

the coil core. The decrease in the effective value of
R, causes an increase in sensor operating frequency in
accord with the following discussion.

ecrezases with the insertion of ever more leossy coins into

rrom basic electrical engineering principles, the

expression for the input voltage to amplifier A, given a

n - -J

sinusoidal cutput frcm amplifier A, at radian freguency

W

Vin, = Vout, *(1/(1 + Ry /R, - w2 LC; +jwL/R, +3wWC;R¢))
wherein R, represents the losses due to the inserted

coin and Ry represents the series resistance of the coil
with inductance L. The rhase angle between the input and
output is then:

Arctan (-(wC; RgR, + WL)/(R + Ry -w? LC; R, ).

Referring to the temperature stable components R, and

C, in Figure 1, the combination of those components
cicsely approximates a fixed delay D set by the tine

ccenstant of C. % R. seconds. At radian freguency w, a

Ve ,



- 8- standard frequency signatures'of valid coins to dgtgrmneTf-the
sensor readings represent a valid coin. The operation bggiinsy3gs L i
Q7 MR Wt
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sensed by the optical coin detector shown_in Figure 4 tq rfes
assertion of the signal CNDTCT. This S|gn3T IS nonitored By-commiter
and, when its assertion follows the application of a puljse to di ode D1,

|nd|cates th@{kgdcgéﬂ

circultry

oscil | at or

radlans The inverting amplifier A, adds an additiocnal
phase angle of -Pi radians. A basic assumption of the
sensor operation is that the losses from R, and R  can
be kept small so that phase is the dominant factor in
determining the loop oscillation frequency. This being
so, the total phase shift around the loop will be close to
~2Pi radians, so the governing equation for the phase
around the loop is:

Arctan (-(wC;R Ry + WL)/(R, + Ry -w?L C;R, ))-wD-Pi=-2Pi
or:

-(wC; RgR, + WL)/(R + Ry -w2LC;R ) = Tan (wD-Pi).

Since the tangent function repeats every Pi radians:
-(WC;RgR, + WL)/(Rg + R -w2LC;R ) = Tan (wD).

In practice, the phase angle wD is kept very small so the
tangent is closely approximated by the angle and the
approximation becomes:

-(wC; Ry R + WL)/(Rg + R, -wZ LC; R, ) = wD

cr

(C: Ry R¢ + WL)/(R, + Ry - w¢ LC; R/ ) + wD = 0.
Simplification and solving for the operating frequency w
yields:

w= ((1+R /R) /LC; + 1/C; DR, + Ry /LD)1/2.

In practice Ry is kept very small compared to R, so
further simplification yields an approximaticn of the
operating frequency w as:

w = (1/LC, + 1/C; DR, + Ry /LD)1/2,

Thus, with no coin in the sensor, R, is
effectively infinite and the operating frequency is
cdependent on L, C;, and D, which are nearly constant
over the operating temperature range by design, and on
Ry which is a function only of temperature and the
temperature characteristics of the coil material (copper)
which is known. Hence, under the condition of no coin in
the sensor, the temperature can be inferred from the

operating frequency, which will allow the sensor control

agSDabeugqﬁMﬂ&ﬁf £BeaSERsaE GQlhs BF apkpto—the-




normally held in a | owpower standby state. The nDnltorlng erCuLLry.'“
desi gned so that upon the assertion of CNDTCT, the conputer \Y® undertakes
certain startup operations for the nmonitoring circuitry! such Ay AR Ng on
the crystal oscillator 25 and engagi ng t he power supply: sp that the sensor
oscillator 15 begins to operate. After stabilization of|thé crystal and

sensor 0SCigil-aldfrhcd Lo £ OFPULE 8878bLSphbgmetan@l : QH@@%%@&M@JCh
clears the ébil coJ%Ier €K3955 ff&gﬁSCPﬁglgoppgsges t hrough XOR gate GL3 to

cl ear the EORRENSARHP™Ni zing |atch LCH and |oad all ones into 4-bit

reference counter HGOI1y J@fn”éﬁf@?@”ﬁyéeéeﬁbckh'édﬁvm%d¥ﬁﬁh4CEEE%@&' ones
into an interhal 16-bit _reference count which is re ardedéfﬁaghe conput er'
progr ammi nd LR iRt R e bY Rl EBuREefL HRDE1 CAVRE Bt E3%E bi t

counter andr#-dlid sensor operating frequency which is observed at the
sensor output SENSOUT. A coin descending through the
sensor coils will cause the frequency of SENSOUT to
increase to a maximum when the coin is within coil 1a,
decreése to a local minimum when the coin is between the
coils, and increase to a maximum again as the coin passes
through coil 1b. These positions are indicated in Figure
2 by the labels MAX,, MIN, and MAX,, respectively.
Thus, by measuring the frecquency of SENSOUT as the coin
passes through the sensor coils, frequency values for the
positions MAX,, MIN, and MAX, may be ascertained.
These three frequency values constitute a signature which
may then be compared with standard values stored in a
table to determine if the coin is valid and, if so, its
dencmination. Figure 2 shows an exemplary signature where
oscillator fregquency is plotted versus coin position
(ecuivalent to time).

Next, the monitoring circuitry will be described
with reference to Figure 3. The menitoring circuitry
basically comprises two counters, a coil counter and a
reference counter. The reference counter is driven by a
crystal oscillator at a fixed frequency while the coil
counter is driven by the SENSOUT signal from the sensor
oscillator 15. After initializing the two counters, the
operation of each is triggered by the SENSOUT signal.
After the coil counter has reached a predetermined value,
the reference counter is stopped and its contents read.
The reference counter contents are then inversely
proportional to the frequency of SENSOUT.

The operation of the monitoring circuitry is
controlled by an appropriately programmed microcomputer
MCl. The computer MC1l has in its memcry a table of
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count er HC191t oget her f qrm a 20-bit reference cour tRtLD s

Af t
SENSOUT from t H&S at or has gone through ong gycle, the sen;o“
ready |atch LCH2 mm E ELE the reset state by the IecLstOZ|Wﬂ9Q?an1 bi t
(QA1) of the coi Resetting latch LCH2 drijves its out put

si gnal SENSORDY | ow which then enabl es the reference cqunter HC191 to start

counting down, driven by crystal osci MBator 25 after pa
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operation begins as a coin is sensed by the optical coin

detector shown in Figure 4 to result in the assertion of
the signal CNDTCT. This signal is monitored by computer
MC1l and, when its assertion follows the eapplication of a
pulse to diode D1, indicates that a coin is about to enter
the sensor coils la and 1lb. The oscillator circuitry is
normally held in a low-power standby state. The
monitoring circuitry is designed so that upon the
assertion of CNDTCT, the computer MCl undertakes certain
startup operations for the monitoring circuitry such as
turning on the crystal oscillator 25 and engaging the
power supply so that the sensor oscillator 15 begins to
operate. After stabilization of the crystal and sensor
oscillators, the computer MC1l asserts the signal CLSENSOR
which clears the coil counter HC393. CLSENSOR also passes
through XOR gate G13 to clear the count synchrenizing
latch LCEL and load all ones into 4-bit reference ccunter
HC191. The microcomputer at this time also loads all cnes
into an internal 16-bit reference count which is regarded
by the computer’s programming as cascaded with 4-bit
counter EC191l. The internal 16-bit counter and 4-bit
counter CN91 together thus form a 20-bit reference counter.

After SENSOUT from the sensor oscillator has gone
through one cycle, the sensor ready latch LCH2 is clocked
to the reset state by the least significant bit (QAl) of
the coil counter CN93. Resetting latch LCH2 drives its
output signal SENSORDY low which then enables the
reference counter CN91 to start counting down, driven by
crystal oscillator 25 after passing through a frequency
doubling circuit comprising gates G610 and Gll. 1In a
preferred embodiment, the frequency of the crystal
oscillator 25 is on the order of 4 MHz so that counter
CN91 is driven at 8 MHZ. The 4-bit output of the

reference counter CNS91 (SO, S1, S2, and S2) is received &v
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the S3 bit (i.e., when:

ef fect the castade(betawden the tiwo

i ncrenenti ng -t he coilicbunter HC393, the

synchroni zing latch LCHL is clocked to the; sét state by
HC393 i nverted throqu_x

N@lsen§@@ internal 16

2 w——gate Gl4._
it reference colUnter

is decremented by the computer MCl on each rising edge of

the 53 bit (i.e., when counter CNS1 underflows) so as to

effect the cascade between the two counters.

On the 256th

incrementing of the coil counter CN93, the count
synchronizing latch LCH1 is clocked to the set state by
the 2QD output of coil counter CN93 inverted through XOR

cate G1l4.

On the next SENSOUT pulse from the sensor
oscillator 15, the least significant bit
CNS3 (QAl) clocks the sensor ready latch
state which disables further counting of
counter CN1S1.

of coil counter
LCH2 to the set

the reference

The output SENSCRDY of the sensor ready

latch LCH2 is mcnitored by computer MCl and, when it

becomes set, the contents of the reference counter CNS1 is

ready.

‘inversely proportional to the frequency of SENSOUT.

The reference cocunter contents at

this time are

By

taking sequential readings in this manner after being

triggered by a signal from the cptical coin detector, two

fraquency maximums and a local fregquancy winimum cI

SENSOUT may be obtained which correspond to the coin being
at the positions labeled MAX,, MIN, and MAX, in Figure

1.

The resulting signature comprising the three frequency

values may then be compared with previously stored

signatures corresponding to valid coins to determine the

validity and denomination of the coin.

The following table gives the component part
nunbers and component values for the embodiment described

in Figure 3.

Reference No.

R1
R2
Cl
cz2
C3
C4
Cc5
G110
G1ll
G13

Description

4.7K
4.7K
.1
10
.1
.1
.1
Part
Part
Part

0 I e B I

No.
Ne.
No.

74HC86
72HC86
74HC36

‘dect enent ed

it he

t he



oscill.ator 15, the least significant bit of coil counte
cl ocks the sensor ready latch LCH2 to the set st at ef whi ch di sabl es
further counting of the reference counter HC191. el o0t7pMARSERNBORDY
of the sensor ready latch LCH2 is nonitidred by conputer MJ and, wher
It beconmes set, the contents of the reference counter HCLI91 i1s

ready. The reference C ntents at this ti op-nversely
proportional to the Q%%%%%n%% SOUT. By ég%é%ﬁ%ﬁ%@équentla
readings in this manner aft%rl bei ng trigger s,y 1 Sipgnakgd romthe -
optical coin detector, two Clg&requency HBX|num%gguk@1Ifwﬁéléiequency
m ni mum of SENSOUT may.lggm@bt ai ned whi ch corggspafsl. tpsides coi n being
at the positions | abeled MA[grir], MN, and NMAX[gi#d Nd. Fr Qs 1. The
resulting signature conprisigigodshe three frequengart NoVvVatisigmy then be
conpared with previously stored

In order for the device as just described to give

repeatable results for each ceoin, any ambient losses the
sensor coils are subjected to must be relatively constant
since those losses contribute to changes in the impedénce
of the coils and changes in oscillation frecguency.
Anbient losses may be caused by any metal in fairly clcse
proximity to the coils (a few inches). Thus, in order for
the device to function properly in a variety of different
environments, it is desirable to shield the sensor coils
from nearby lossy materials. In a preferred embodiment,
therefore, the sensor coils la-b are shieldsd from such
materials by a metallic housing. Figure 5 shows the
sensor coils la-b wrapped around opposite ends of a
plastic bobbin 60 and series connected by segment 1C.
(The bobbin 60 must be plastic or some other non-lossy
material to minimize steady state parasitic losses).

The bobbin 60 has a coin slot 61 so that an
inserted coin will pass seguentially through the senscr
coils la-b. With the bobbin and coil asserbly placed in
the metallic housing 50, the sensor coils will be shielded
from nearby materials housing 50, which, in a preferred
embodiment is constructed of zinc with a thickness of
approximately .1 inch. The sensor colls are enclosed as
completely as possible and spaced approximately 1.27 cn
(.5 inch) from the housing in all dimensicns. The
material of which the housing 50 is made does cause losses
that change the operating frequency of the coil system.
Those losses are relatively small and fixed for a _
particular embodiment by the material and distance of the
housing from the sensor ceoils. The coil will therefore
cperate at a relatively non-varying freguency in the
environment intended.



signatures corresponding to valid coins to deternine the ! ”wvalldlty and

denom nati on of the coin. The foll ow ng table gi vessit he:’
conponent part nunbers and conponentﬁgilues for the: enbodlnent

descri bed in Figure 3. erence No. i Ebscrlptlon
R1 4. 7K i 4 TK.CL
.1ferr]F C2 §

1err]F The va§i56{5ﬁ§ in coil clrcultlﬁmnefﬁncecgnd

.1[err] F oscillation frequency due to eddy current losses in nearby
external materials can be further reduced by a shield
around the sensor coils la-b that is made ¢f a material
with relatively high magnetic permeability and very low
eddy current losses at high freguencies. 1In the preferred
embodiment as shown in Figure 5, the shield 51 is made of
a ferrite material with a thickness of 1.27 mm. (.050
inch). Enclosing the sensor coils la-b in a shield of
ferrite wili direct the wmajority of the magnetic flux
through the shield 51 with virtually no eddy current
losses, thus allowing only a small amount of flux to
escape through the coin slot openings 61 to interact with
nearby lossy materials, including the housing 50. The
shield 51 thus provides a very stable base oscillation
frequency for the coil regardless of other nearby
materials so any significant changes in the oscillation
frequency can be utilized to improve the ability of the
senscr to identify a coin passing through the assexbly
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CLAIMS

1. A coin sensing apparatus, comprising:

a pair of sensor coils electrically connected in
series and physically arranged so that a coin deposited
into the apparatus may pass sequentially through each
sensor coil and thereby change the impedance of the coil;

a sensor oscillator circuit incorporating the
pair of sensor coils which outputs an oscillating senscr

e

signal at a freguency dependent on the impedance of the
sensor coils; angd,

means for measuring the frequency of the sensor
signal as a coin passes sequentially thrcugh the senscr
coils to obtain a signature for the coin which can be
compared with characteristic signatures of valid coins.

2. The coin sensing apparatus as set forth in
claim 1 wherein the sensor coils are spaced apart at
approximately the diameter of the largest valid coin to be
accepted. '

3. The coin sensing apparatus as sa2t forth in
claim 1 wherein the signature comprises a first fregquency
maximum, a local freguency minimum, and a second frequency
maximum of the oscillating sensor signal corresponding to
a coin being within one sensecr coil, between the sensor
coils, and within the other sensor coil, respectively.

4. The coin sensing apparatus as set forth in
claim 1 wherein the means for measuring the freguency of
the sensor comprises:

a fixed frecuency oscillator;

a reference counter driven by the fixed freguency
escillator;

a coill counter driven by the sensor oscillator;

means for enabling the reference and coil
counters simultaneously; and, means for stopping both
counters when the contents of the coil counter has reached
a predetermined value, the contents of the reference

cunter then being inversely proportional to the freguency
of the sensor oscillator.
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E'Od_ll74HC19 1 I I“I“l m‘n ‘IIWGEC74 Par t Hgg:g? 4HC7 4 it v Par t

No. 74HC393 In order for the devite as just described-to--give

repeatabl e results for each coin, any anbient | osses thé sensor coils arei
subjected to must be relatively constant since those | osses contributd to
changes in the inpedarfte dfhe (RoibiFeNsig cHRPREatRs a8cPrFafPERhf Laquency.

Anbi ent | 0SS@g ARy 4b‘%4r?éﬂ§ﬁ’i’ e afwféaeéﬁ&elaoéﬁt&ylg' 838pRPEAX LY kY to the
coils (a feM/lnches Thus, in order for. the device to function properly in

a variety of S#iifSer T GhRA rHRRAR ©SFHLiatMesirable to shield the sensor

coils 6. The coin sensing apparatus as set forth in
claim 5 further comprising a programmed computer for
reading the contents of the reference counter and
comparing the calculated sensor oscillator freguency
signature to a table of standard signatures.

7. The coin sensing apparatus as set forth in
claim 6 further comprising a coin detector for signaling
the computer when a coin is about to pass throuch the
coils and wherein the computer is programmed to activate
the frequency neasuring means upon receipt of a signal
from the coin detector. .

8. The coin apparatus as set forth in claim 7
wherein the coin detector comprises a light emitting diode
and a phototransistor positicned so that a2 depesited coin
will block light emitted from the diode frem reaching the
photctransistor.

9. The coin sensing apparatus as set forth in
claim 8 wherein the light emitting diode is periodically
pulsed.

10. The coin sensing apparatus as set forth in
claim 1 wherein the sensor coils are shielded from
external magnetic effects by a metallic housing.

11. The coin sensing apparatus as set forth in
claim 10 wherein the sensor coils are spaced apprcximately
.5 inches from the housing in all dimensions.

12. The coin sensing apparatus as set forth in
claim 10 wherein the housing is constructed of zinc.

13. The coin sensing apparatus as set forth in
claim 10 further comprising a ferrite shield arcund the
sensor cells.



from nearby lossy materials. In a preferred embodi nent, therféEPoAGENEWe SHEFT
sensor coils la-b are shielded fromsuch materials by a netalTTc housSINy:
Figure 5 shows the sensor coils |la-b wapped around opposiftel e MgBﬁ%
pl asti c bobbin 60 and series connected lay segnent 1C. (The bobbin

be plastic or sone other non-Iossy nat dfial to mnlmze ste

parasitic | osses). o riﬁq% 61 so that an
inserted coin wll passngé“&'u-egrétl al hr@%ﬁ’ t%e sensor COI s Ta-b—Wth—

t he bobbin and coil assenbly placed in the netallic housing 50, the sensor

coils will be shielded from near by j housi ng 50, which, in a
preferred enbodi nent_is construct edr%ﬁr#g%tsw th a thjckness of

approxi mately .1 inch 2RPE TSNS HF CF (191 18T CRARF 0SB HREIASES EheFY as
possi bl e andsspapehﬂapqu;'r eiismahgh {/sHiky between valid and non-valid

coins as well as between the different denominatiors of
coins. The apparatus is useful for application in coin-
operated parking meters as well as other coin-operated
machines. The apparatus makes use of a twin-coil sensor
which enables it to distinguish between small coins with
high metal content and large coins with low metal content.
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(.5 inch) fromthe housing in all dinensions. The materlal of whi: hggthe _
housing 50 is made does cause | osses that change the operatl ng..-.f..re.quéncy ofg
the coil system Those |osses are relatively small and f|>{<e(,d for a
particul ar enbodi nent by the material and di stance of the;hcbu& hgfr‘fro,r’hthe
sensor coils. The coil will therefore operate at a relat |lvel y non-varying
frequency in the environnent intended. :
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The variations in coil circuit inpedance and oscillation frg d%%éQHﬂ@@-ﬁﬁyf
eddy current |osses in nearby external materials can be further reduced by :
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hi gh frequencies. |In the preferred enbodi nent as shown in Fi ;

shield 51 is made of a ferrite material wit&/a3t hi ckness of |1.27 mm (.050
inch). Enclosing the sensor coils la-b in a shield of ferrite wll direct

the majarity of the magnetic flux through the shield 51 with virtually no
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escape’ through the coin slot openings 61 to interact with nea . -
materials, including the housing 50. The shield 51 thus provides a very

stabl e base oscillation frequency for the coil regardless of ot her “*ABarBy
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12 - CLAI V5 1. A coin sensing apparstusirss
conpri si ng: a pair of sensor coils electrically connected in
seri-es and physically arranged so that a coin deposited into the apparatus
may pass sequentially through each sensor coil and thereby change the

i npedance of the coil; a sensor oscillator circuit incorporating

the pair of sensor coils which outputs pp oscillating sensor signal at a
frequency dependent on the inpedance cf the sensor coils; and, counter

means for neasuring thegafreguencyipfstieIsensPsARABHG! as a coin passes
sequentially through the sensor

ABSTRACT

An apparatus-fcr sensing coins is disclosed which
is capable of distinguishing between valid and non-valid
coins as well as between the different denominatioris of
coins. The apparatus is useful for application in coin-
operated parking meters as well as other coin-operated
machines. fThe apparatus makes use of a twin-coil sensor
which enables it to distinguish between small coins with
high metal content and large coins with low metal content.

FIG. 1
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a fixed frequency oscillator; a referengg_gountermdrlven by the
fixed frequency oscillator; a c0|I‘ ount er driven by t he sensor
oscillator; nmeans for enabling the Te e[émgeuahd?00|l counters
si mul t aneousl y; and, neans for stopping both | counters when Uhe contents of
the coil counter has reached a predeaernined‘value, the contents of the
reference counter then being inversely propoftional to the frequency of

t he sensor oscillator.

standard freguency signatures of valid coins to determine

if the senscr readings represent a valid coin. The
operation begins as a coin is sensed by the optical coin
detector shown in Figure 4 to result in the assertion of
the signal CNDTCT. This signal is monitored by computer
MCl and, when its assertion follows the application of a
pulse to diode D1, indicates that a ceoin is about to enter
the sensor coils la and 1b. The oscillator circuitry is
normally held in a low-power standby state. The
monitoring circuitry is designed so that upon the
assertion of CNDTCT, the computer MCl undertakes certain
startup operations for the monitoring circuitry such as
turning on the crystal oscillator 25 and engaging the
power supply so that the sensor oscillator 135 begins to
operate. After stabilization of the crystal and sensor
oscillators, the computer MC1 asserts the signal CLSENSOR
which clears the coil counter EC393. CLSENSOR also passes
through XOR gate G13 to clear the count synchrenizing
latch LCHE1 and load all ones into 4-bit reference ccunter
HC191. The microcomputer at this time alsco loads all ones
into an internal 16-bit reference count which is regarded
by the computer’s programming as cascaded with 4-bit
counter HC191l. The internal 16-bit counter and 4-bit
counter HCi9jltogether thus form a 20-bit reference counter.

After SENSOUT from the sensor oscillator has gone

through one cycle, the sensor ready latch ILCH2 is clocked
to the reset state by the least significant bit (QAl) of
the coil counter CN93. Resetting latch LCH2 drives its
output signal SENSORDY low which then enables the
reference counter HC191 to start counting down, driven by

rystal oscillator 25 after passing through a fregquency
doubling circuit comprising gates Gl0 and Gll. 1In a
preferred embodiment, the frequency of the crystal
oscillator 25 is on the order of 4 MHzZ so that counter
CNS1 is driven at 8 MHZ. The 4-bit output of the

reference counter CN91 (S0, S1, S2, and S2) is received o



- 13- 5. The coin sensing apparatus as set forth in claim4
wherein the reference counter is enabled by a pulse fromthe sensor

oscill ator. 6. The coin sensingSapparatus as set forth in claimb5
further conprising a programmed conputer for reading the contents of the
reference counter and conparing the cal cul ated sensor oscillator frequency
si gnat ure t oth2t GRRPUSEIsMEidar Fhs didarnask 16-bit referspeecepPrn§eadsi ng

apparat us as;jgeksE@ehBnitRa by the computer MCLl on each rising edge of
the S3 bit (i.e., when counter HC1l91l underflows) so as to
e@ffa2ct the cascade between the two countars. Cn the 256th
incrementing of the coil counter Hc393, the cocunt
synchronizing latch LCH1 is clocked to the sst stats by
the 2QD ocutput of coil counter HC393 inverted through XOR
gate Gl4. On the next SENSOUT pulse frcm the senscr
cscillator 135, the least significant bitc of coil counter
HC393 (QAl) clocks the sansor ready latch LCH2 to ths set
stats which disables further counting of ¢

counter HC191. The output SENSCRDY of the sanscr ready

latch LCH2 is menitored ry computer MCl and, when it

becomes set, the contents of the reference counter HC191lis

rzady. The reference counter contents at this tims are

‘inversely proportional to the frequency of SINSOUT. By

aguential readings in this manner after being

by a2 signal from the cptical coin detecter, two

maximums and a local frecquesncy minimua cf

SENSOUT may be cbtained which correspond to the coin being

at the positions labeled MAX,, MIN, and MaX, in Figure

1. The resulting signature comprising the thrss freguency

s may then be compared with previously stcred
signatures corresponding to valid coins to determine the
lidity and dencmination of the coin.
The following table gives the ccmponent part
nunmbers and component values for the embediment described
in Figure 3.

Refsrencs No. Descrizticn
R1 4.7K
R2 4.7X
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claln16‘furfher Conpr|5|ng ac i gnal i ng the conmputer when
a coih is about to pass througm"‘m(ﬂﬂﬁ"m”ul [mzerel n the conputer is

pr ogr nmed foactivate the frequency measurs ng means upon receipt of a
signaT fromthe. coin detector. 8. The coin apparatus as set forth
in claim?7 wherein the coin detector éé? lses a light emtting diode and a
phot ot'+ansi-st-or-positioned so that a ted coin will block |ight
emtted fromthe dibde Xrem? e3%ts NG tdppa phiotof raospPsieing: 9. The
Ol SeNSI N0, AnDal af Use 85 SEILALLD s L ANBIIELEND LORCN: 2 L1i NG
di ode is perlodlca corn Sen5|ng apparatus as
set forth series and nhysvcallv arranged so that a coin depcsited

into the apparatus may pass sequentially through each
sensor coil and thereby change the impedance of the coil;

a sensor oscillator circuit incorporating the
pair of sensor coils which outputs an oscillating senscr
signal at a frequency dependent cn the impedance cf the
sensor coils; and,

counter means for measuring the frequency of the sensor

siénal as a coin passes sequentially through the sensor
coils to obtain a freguency signature for the coin which can be
compared with characteristic frequency signatures of valid coins.

2. The coin sensing apparatus as sat forth in
claim 1 wherein the sensor coils are spaced apart at
apcreoximately the diameter of the largest valid coin to be
accepted. '

3. The coin seansing aszaratus 23 s2t Sfor:ih in
claim 1 wherein the signature comprises a first freguency
maximum, a local frequency =inimunm, and a second fresguency
maximum of the oscillating sensor signal cerresponding to
a coin being within one sensor coil, between the senscr
coils, and within the other sensor coil, respectively.

4. The coin sensing apparatus as s=t forth in

claim 1 wherein the means for measuring the freguency of
2 sensor comprises:

a fixed frequency oscillator;

a reference counter driven by the £fixed frequancy
cscillator;

a coil counter driven by the sensor oscillator:

means for enabling the reference and coil
counters simultaneocusly; and, means for stcpping both
counters when the contents cf the coil counter has reached

-

a predetermined value, the contents of the rafesrence
c

0

- -

unter then being inversely preoserticnal to the freguen

of the sensor oscillator.
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REPLACEMENT SHEET
claim1 wherein the sensor coils are shielded from external nmagnefeskes ¢ res
effects by a netallic housing. 11. The coin sensing apparatus as
set forth in claim10 wherein the sensor coils are spaced approximtely .5

appar at us as set Tortn in ciaim 10 wheroin the noubdil ] AMFANEVARGS o7

zi nc. 13. The coin sensing apggéatus as sef forth i ¢l arm 10
further conprising a ferrite shield ar MShe sensor cells. '

1. A coin sensing apparatus, cemprising:

a pair of senscr coils electrically connected in
series and physically arranged so that a coin depcsited
into the apparatus may pass sequentially through each
sensor coil and thereby change the impedance of the coil;

a sensor cscillator circuit incorporating the
pair of sensor coils which outputs an oscillating senser
signal at a frequency dependent cn the impedance ci the

senscr cecils; and,

counter means for measuring the frequency of the sensor
siénal as a coin passes sequentially through the sensor
coils to obtain a frequency signature for the coin which can be
compared with characteristic frequency signatures of valid coins.
2. The coin sensing apparatus as s=t forth in
claim 1 wherein the sensor coils are spaced apart at

aprroximately the diameter of the largest valid coin to be
. :

3. The coin sansing asgaratus as s=2t fcrth in
claim 1 wherein the signature conprises a first fregquency
maximum, a local freguency minimum, and a second frequency
maximum of the oscillating sensor signal cerresponding to
a coin being within one senscr coil, between the sensor
coils, and within the other sensor coil, respectivelyv.

4. The coin sensing apparatus as sst forth in
clain 1 wherein the means for measuring the fregquency of
the sensor comprises:

a fixed frequency oscillator;

a reference counter driven by the fixed frequency
oscillator;

a coil counter driven by the sensor oscillzator;

means for enabling the reference and coil
counters simultanecusly; and, means for stcpping becth
counters when the contents of the coll counter has r=sached
a predetermined value, the contents of the reference
csunter then being inversely prcscrtional to the freguency

of the sensor oscillator.



