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A common ccin sensing methced empleved by rrevicu

devices is the use ¢f a sensor coil whose impedance is -

c
hanged by the nearky presence of a metal object such as a

"

it using such =2

ilch circt

£

coin. Cne tyre of dis a
senscr coi; is a bridge circuit which includes standard
cn to the coil, Passage cf
the ccin 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 fregquency at wh
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s
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
ceins can be ascertained allowi ng the circuitry to
discriminate between dencminations c¢f 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 ze caused by either a large, low resgonse material

(e.g. ccpper) coin or a small, high response material

i3 K iﬁ )
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Frevicus sensScr CClls wmay 2.SC ragulra a large
gmcunt sf gower Lo crder ©o gprorperiy ZisIrinminate Zetwssn
- - - [mal P - - man Y - ~— - M - - =
Soin3. Thls can ke a particular grsizlsm lnoagpilcatlichs
whers the ccin sensing device dces nct have acsass o an
extarnal rcwer scurce.
™ N N - - - N
Tha present inventicn 1s a coin senscr whlich
~ . - - N 3 - -
enplcys sanscr cclils electrically ccnnectad in series znd
- -~ 1 [a ol -
~as part of an cscill r circuit. The ccils are ~
5
- - 19 o o ! b - - - -
physically positicned so that a ccin to ke detected casses
=310 1 4= - $ - b 3
sequentially thrcugh the two cocils. The cclls ars sraced
- o
apart at approximately the diameter cf the largest coin
E =) = .
St s 5 A . es
accepted as valid ky the sensor (e.g., akout 2.44 ca. {.54&
Py ’ \

e
inches) for a U.S. quarter). A coin passing thrcugh the
s

a
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 ¢oin exits the firsc

[o) bo]

nd enters the regicn ketween the Tw

W)

~ s
o b e

Q

s
ator freguency decrasases and then increases ag

O

-

sc a
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 presen:
invention therefore allows discrimination between large,
lcw resgense 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 cbject cf the present

[N

nventicn tc ke capakle cof distinguishing ketween larg
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Figure 1 is a schematic of cscillatcr circulc
s

ary fregquency signature
ic schematic showing the

menitecring circuitry for t:acking the fregquency cf the

i
Figure 4 is a schematic of an exemplary cptical
ol

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

L)
t

coils la-b are designed to ke placed in the coin’s path so

that the coin will pass seguentially thrcugh each cocil.
It 1s expected that a typical coin-cperated neter
employing the'present invention will have the two 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 akecut to enter the senscr

sils, some type of cocin detector should be placed in the

o

coin path just in front of the sensor coils. Figure 4

shews in schematic form an cptical ccin detector

cexmprising a light emitting diode D1 and a phototransiscter

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

emitted frcm dicde D1 freom reaching phototransistor TRI,
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” The oscillater circuitry shown in Figure »
ccmprises the sensor ccils la-b, capacitor C,, capaciter
ne L s

— . .
¢, , ras.stor R,, high gain

fu

9]
w
v

[+}]
e §
fo )
o

nd high gain inverting amplifier A
included in Figure 1 to represent series losses in the
coil and parasitic lcsses, respectively. The senscr ccils
are electrically ccnnected in series so as to previde a
feedback path arcund the cascaded amplifiers Al ancé A2.
Because amplifier A2 is inverting, the signal fed lkack
through the sensor coils is phase shifted 1309.
Alternative embediments may enplcy any numker of cascaded
amplifiers as lcng as there 1s an cdd numbker ¢f inversicns
to previde the 180° phase shift. The result is an
oscillator circuit which oscillates at a certain rescnant
frequency depending on the values cf L and C, where L is
the total inductance of the senscor coils. The resistor

Ry, and capacitor ¢, are included to stabilize the
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 lcw lcss, e.g., non-carben kased) potting
cempound. Using temperature stable capaciters and a very
temperature stable resistor (R,) also enhances stability )
cver the orerating temperature range.

In cne specific emtodiment, the following

compenent values were used:

C - .0022 F This Sheet Has Been Rep
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zmultilayer coins such as
The operaticn cf the sensing device
to better distinguish between bulk and multilayer
cperaticn

The kasic principle cf

Referring to the resistor labeled R is

intended tc repres

o o

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

generally result frcm eddy currents induced in the ccin.

ith no coin in the coil, the value of R  is effectively
(nc losses) and the effective value cf R,

e
gases with the insertion of ever

dec more lecssy coins inte
the ccil core. The decrease in the effective value cf
R, causes an increase in senscr crerating frequency 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:
Vim, = Vout, *(1/(1 + Ry /R, - w? LC; +3JWL/R,

represents the losses due to the inserted

+3wCe Rg })
wherein R,
coin and Ry 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 R, and
the combinaticn of these components
clcsely approximates a fixed delay D set by the tine

£ radian freguency w, &

Cy, in Figure 1,

constant ¢f C; * R, seconds.
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zhase angls cf -P.1 radians., A kasic assumptizn 2f the
SEnScY crevatisan N e e e dm e Y - as o~ - Q A== = o -
SEenNSCr Creratlicon 13 That tne .Css LoUE g ana o Zazl
v i - " o e d i ~A -
Ze Xezt small sc that ghase is the dJdcminant factor 1o
3 e oy “ e -~ “~ 3 e 4 <
CeIe8rnlnling tThe Lcocp cscll.laticon Ifreguency. ~lS ZeLng
1 s 3 N will w ~ mma =
SO, The Toltal pnase siOlIt arcuncd The LCCP Wi.i e CT.cse T
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<rL Tallans, s3C Tnhe gowvernling guatliln LCIr Tie Thase
3 = 3

argunc e Locp ls:

Rg + WL)/(R, + Ry -w2L C¢R, ))-wLl-Pi=-271

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

Since the tangent function repeats every Pi radians:
-(WCeRgR,_ + wL)/(Rq + R, =-wZLC;R ) = Tan (wD).

In practice, the ghase angle wD is kept very small sc the

]

tangent is closely approximated by the angle and th
approximaticn becomes:

(C; R Rg + WL)/(R, + R¢ - w¢ LC; R ) + wD = O.
Simplificaticn and solving for the crerating freguency w
w=((1+R /R) /LC. + 1/C; DR + Ry /LD)'/2.
In practice R; is kept very small compared to R so
further simplification yields an approximaticn of th
operating frequency w as:

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

. Thus, with no ccin in the sensor, R, is
eFfectlvely 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 coll material (ccpper)
which is krncwn. Hence, under the conditicn of no ceoin in
the sensor, the temperature can be inferred frecm the

cperating frequency, which will allow the sensor contrel
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increase to a maximunm when the c¢oin is withzin

ease to a lccal minimum when

LRNoN
o
n

and increase to a maximum again a
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rough ccil 1b.
2 by the labels'MAX<, MIN, and MAX,, raspectively.
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
cencmination. TFigure 2 shows an examplary 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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TZeraTizn Zagins as a cgcin 1s sensed 2y the cgilical cclin
Z2ieCicr shewn In Flgure & T2 rasi.t 1n tha asserticn cf
- - [l et ol ol - - - 3 - - , -
2 slgnal THNDTCT. Thls signa: 1s menltcrsd Iy oZooouter
< - ~ - - - - T T e =
MCL and, whsen 1Ts asserticn focllcows the aprilcaticn <f a2
3 Ll ™ - - -
gulse to dicde D1, indicates that a coin 1s akcut To enter
o -~ T = * - - - - laad n<-:'1 - e s WYY 4 e onan s T -~
e sS=2ns SSLl.l3 L& ancd io. @ CSCL.LLalTTT CSLTTULTTY LS
- Yoy e 3 - - A s b - - m
ner=ally neild in a low-pecwer standby state. The
»- R . b - =
Rl
meniteoring circulitry is designed sg that upcn the
b & r - M -
assarticn cf CNDTCT, the computer MCl undertakses certaln

ol
startup cperaticns for the meonitering circuizry suc
turning cn the crystal cscillater 25 and encaging the
pcwer surply 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

iatch LCHL and lcad all cnes intc 4-%it reference ccunter
HCl9:. te micrccomputer at this time also loads all cnes
into an internal 16-kit reference ccunt which is resgarded

6

by the ccnputer’s programming as cascaded with 4-bit
counter HC19l. The internal 15~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. Resett ing 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

refarence ccocunter CN91 (S0, S1, S2, and S2) is received b
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the computar MCL. The internal 15-2ilf rafsrsnce ccunter
i3 Zszcramented 2y the sonputer MCL on sach rising sdge ¢
Tn2 S3 ZiT fl.e., when cguntar TSl underil:cws) s5C as Tz
2fZzct the czscade ratween ths TWC Countars. In the 235
ingrementing ¢f %he ccil zZountar CONE2, the zount
synchrzsnizing latch L1 is clcckad to the set state :zv
the 20D cutput of ccil ccuntexr CNOI inverted through XCR
gate Gl4. Cn the next SINSCUT gulse Zrcm the senscr

SENSCRDY of
MCl and,
ference counter CNS1

the senscr ready
LcH when it

beccmes set,

latch is meniter by ccmputar
the re

cntents at

the ccntents of
this time arxe
Bv

ready. The reference counter

inversely propcrtional to the fregquency of SEINSOUT

taking seguential readings in this manner after being

triggered by a signal frcm the cptical coin detecter,

reguency maximums and a frequency minizum cf
SENSCUT may be cbtained which corr
beled MAX,, MIN,

1. The resulting signature ccmprising the

at ticns la and MAX, in Fi

the pesi i
three £frequen
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 comporent part
numgérs and component values for the embecdiment descrike
in Figure 3.

Reference No.

R1
R2 4.7
cl .1
c2 10
a3 .1
C4 .1
Cc5 .1
Gl0 Part Nc. 74E
748
74

I

|

T

b e I IR I |

Gl1l Part No.
G1l3 Part No.

TWQ

aspond to the coin keing

A

(&
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Gla FarT No. 7+4HC35
wrhto hol ar iAok N alb]
HCiSL Fart lic. TSECLSL
- - - eri—
LgcHz2 Fartc Ne. T3HCT4
ey TIq v T~ iR e le ]
PV e gea FarT e, i Taale s "t
L e e e ] - - . -~ -
HCze:Z Fart No. 7T4HCZSZ
- ~ = | o~ ~ - g dm - < < -~ -~ -
In crder for the davice as just descriked Tt zivs
K. ] 3 - 1
rereatagle results Zcor each c¢ccin, any ambient losses the
- - 3T e P . - hl .y = - -
senscr ccils are subjectad to must e reslatively consztant
- M b f 3 -
since those lcsses ccntrikbute to changes in the impedance
-
- 3 19 F = -
of the coils and changes in c¢scillaticn frequency.

.

Ambient lcsses may ke caused by any wmetal in fairly clicse
proximit the coils (a few inches). Thus, in order Zcr

the device to function properly in a variety of different

9]
e
i~
0

environments, it is desirable to shield the senscr ¢
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 kcbbin 60 must be rlastic cor scme other nen-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
emhoglment is constructed of zinc with a thickness of
ap5;0x1mately .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 i
hecusing from the senscr coils. The coil will therefcrs
Crerate at a relatively ncn-varying freguency in the

environment intended
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-8 Yar.2tT.ons Ln ccll circult impedance and
cscillaticn fraguency due =2 e2dy Zurrent lcsses in rnezrn
extarnal matsrials can fe further raduced Zv a shield
arcund the senscr ccils la-k that s made o7 a Taterial
wilh realatively high magnetic rermeacility and very low
eddy currasnt lcszas a= high frecuencies. In *he rtrafsrre
enbcdiment as sheown in Figure 3, the shield 51 is made ¢
a ferrite material with a thickness of 1.27 ==, (.25¢
inch). Enclcsing the sensor coils 1a-b in a hisld ¢f

thrcugh the s
losses, thus allcwing only a small amcunt of flux to
escape thrcugh the cocin slot cpenings 61 to interact wi<h
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

terials sc any significant changes in the oscillaticn
frequency can ke utilized +o inprove the akility of the
senscr to identify a coinm passing through the assembly.
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CLAIMS

Z 3 Cclin sensing apcaratus, comeprising:

a pair =f senscr ccils alectrically connecstad in
sexrias and physically arranged sc that a ccin depcsizad
intc the apraratus wmay cass seguentially thrcugh each
saenscr coll and theraby change the ilmredance cf the colily

2 senscr cscillater circult incerperating the
talr ¢f senscr coils which cutsuits an cscillating senscr
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 thrsugh the senscr

coils to cktain a signature for the coin which can ke

ccrmpared with characteristic signatures cf valid ccins.

2.

claim 1 wherein the sensor coils are spaced apart
apprcximately the diameter of the largest valid coin

acceptead.
3.

The coin sensing apparatus as set forth in
at
e

The coin sensing apparatus as set feorth in
13

be

claim 1 wherein the signature conprises a first frequency

maxizmum, a

B

local

frequency mininumn,

and a seccnd fresguency

maximum of the cscillating senscr signal corresponding tc

a coin being wi

thin cne sensor coil, between the sensor

coils, and within the other sensor coil, respectively.

4.

claim 1 wherein the means for measuring the frequency cf

The coin sensing apparatus as set forth in

a fiked frequency oscillator;

a reference counter driven by the fixed fLe guen

scillatoer;

a coil counter driven by the sensor oscillatoer:

means for enabling the reference and cecil

counters simultaneously; and,

means for stopping beth

1CY

counters when the contents of the coil counter has reached

pradetermined value, the contents of the reference

ccunter then keing inversely propcrticnal

of
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cecmparing the calculated senscr cscillater frsguency
o e
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ccils and wherein the ccmput programmed to activass
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aquency measuring means urcn receipt of a signal

£rom the coin detector.

-
/

8. The coin apparatus as set ferth in clainm

erein the coin detector ccmprises a light emitting dicde

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

9. The coin sensing apgaratus as set fecrth in

claim 8 wherein the light emitting diocde is periecdically
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.
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