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COPYRIGHT NOTICE
A portion of the disclosure of this patent document

20 contains material which is subject to copyright protection.
The copyright owner has no objection to the xerographic
reproduction by anyone of the patent document or the patent
disclosure in exactly the form it appears in the Patent and
Trademark Office patent file or records, but otherwise

25 reserves all copyright rights whatsoever.

CROSS REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of
application Serial No. 08/414,238 filed March 31, 1995, which
30 is incorporated herein by reference for all purposes. A
patent application (App. Ser. No. 08/ ), filed on the
same day as the present application and entitled "Improved
Coin Hopper" is hereby incorporated by reference for all
purposes.
35



The copyright owner has no objection to the xerographic reproducti on by
anyone of the paten r the_patent __disclosure in exactly the

formit appears in the Patent and Trademark Office patent file or
records, but otherw se 25 reserves all copyright rights what soever.

CROSS REFE 85&%9 LATED APPLI CATI ONS Thi's apptissdosdds i s a
conti nuati on-i a of application Serial No. 08/414,238 filed March

31, 1995, which 30 is incorporated hereln by reference for all purposes. A
pat ent application (App. Ser..J\k JA— | sane day as
the present application and e <Je Fovet MHopPer” i s hereby

i ncor porat ed by referencthe @regent inpen%%gésrezgﬂes to hopparsoyssd7to

PCT/US96/04090collect and distribute coins in gami and vending machines.
TECHNI CAL FI EL

v t|on el ates
to hoppers use °f3 a&%?‘?éﬁlyan&hﬁl gf???)ﬁt’eué%?'ﬁ% ff;#ﬁtrfg g: a2 ERYng
machi nes. S Nbpnpparwhtmnz#s3rehinblpses£¢ECtxMQ¢&|tamexnn99¢ andaecsihy 5
hopper which i gggehbpd e, effectively tanperproof and easily

BACKGROUND OF THE INVENTION

The present invention relates to the field of coin

10 or disk handling. More specifically, in one embodiment the
invention provides an improved method and apparatus for
controlling coin and disk accounting in slot machines and
other gaming machines.

Because casinos deal with large amounts of cash,

15 they are subject to theft by dishonest persomns and are
particularly vulnerable to theft by dishonest employees. If
so inclined, a dishonest technician can take a few coins fronm
each casino slot machine as it is serviced. Although the take
over time and over many technicians can be quite large, since

20 each individual take is so small, casinos have resignead
themselves to being shorted and treat the thefts as a cost of
doing business. Casinos have tried to combat this problem by
assigning two or more technicians to each task requiring an
open gaming machine. However, this leads to additional labor

25 costs and doesn't help if each of the assigned technicians is
dishonest. _

An alternate solution is to seal the coin or bill
reservoir so that only trusted money-handling employees
working in a cashier’'s cage can get to the coins or bills.

30 Coin acceptors are more difficult to seal than bill acceptors
because coin acceptors have to give out coins as well as
receive them, whereas bill acceptors simply store the bills,
and because coins are more likely to jam a hopper than pliable
bills. If jamming was not a concern, then the hoppers could

35 be sealed. However, where jamming is a possibility, sealing
the hoppers might result in greater down-time for the gaming
machines, which is-a loss to the casinos which can be greater
than the theft loss.
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15 Prior art systems exist for weighing coins to count
the coins, and many such devices might be used in a money room
of a casino. For example, U.S. Patent No. 5,193,629 issued to
Lare and U.S. Patent No. 4,512,428 isgsued to Bullivant
describe apparatus for weighing coins. W%While such weighing

20 devices might be suitable for weighing coins in a money room,
it is unsuitable in a gaming machine environment, where the
hoppers must be enclosed to prevent theft by players, as well
as being remotely accessible, operable in an electrically
noisy and vibration-prone environment and able to detect theft

25 at the time of the theft.

' From the above it is seen that an improved method
and apparatus for coin accounting and theft prevention is
needed.

30 SUMMARY OF THE INVENTION
The present invention provides a weighing apparatus

for weighing coins accumulated in a coin hopper using a load
cell and automatically taking a periodic readings of the
number of coins accumulated in the hopper. By periodically

35 monitoring the hopper and automatically calculating the number
of coins in the hopper, theft of coins and other
irregularities can be easily and timely detected. The
unauthorized removal of coins during an actual or purported
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discrapancy between the change in coin count and an expected
10 change, if any, in coin count. An expected change, for
example, would exist when a technician is asked to open the
machine and remove coins (which are later counted). The
number of coins in the hopper at any given time is determined
from the combined weight of the hopper and the coins
15 accumulated in the hopper. During a calibration process, a
tare (zero) weight of the hopper is determined, and an
operator is given the opportunity to have a per coin weight
determined automatically by placing a known quantity of coins
in the hopper and measuring the combined weight and the known
20 quantity of coins. Knowing the tare weight of the hopper and
the per coin weight, the number of coins accumulated in a
hopper can be calculated from the combined weight of the
hopper with the coins accumulated therein.
A further understanding of the nature and advantages
25 of the inventions herein may be realized by reference to the
remaining portions of the specification and the attached
drawings. -

BRIEF DESCRIPTION OF THE DRAWINGS
30 FIG. 1 is a front view of a slot machine with its
door open showing a coin hopper.

FIG. 2 is a more detailed side view of the coin
hopper shown in FIG. 1 illustrating the cantilevered mounting
of the hopper on the load cell

35 FIG. 3 is a schematic diagram of the electronics of
the coin hopper and accounting system shown in FIG. 2.
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FIG. 7 is a flowchart of a process for abtaining an

10 accurate hopper weight during calibration in the presence of
noise and/or vibrations.

FIG. 8 is a flowchart of a process for obtaining an
accurate coin count in the presence of noise and/or
vibrations.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 illustrates how a coin hopper 10 is often
mounted in a slot machine 1. To show the placement of the
hopper, a hopper door 2 of slot machine 1 has been opened.

20 During operation, the hopper door 2 would usually be locked
shut to prevent theft of coins by players. As shown heres,
hopper 10 is often placed below a coin insertion slot 3 and
above a coin payout tray 4. To initiate play of a game, a
player would insert one or more coins into coin insertion slot

25 3 and those coins would drop intoc hopper 10. Although not
shown in FIG. 1, the coins would typically pass through a coin
handling unit on their way to hopper 10, where the coin
handling unit performs tests (size, weight, angular moment,
etc.) to determine if the coin is real and of the proper

30 denomination. The coin handling unit, or other device, would
provide a signal, such as an electric "coin in" pulse, to a
logic board to signal that a valid coin has been inserted. If
a game is a winning game, or the player cashes out his or her
credits with slot machine 1, hopper 10 ejects the correct

35 amount of coins from ejection slot 5 into payout tray 4. In
some embodiments, such as so-called "slant-top" slot machines,
the hopper is actually located below the payout tray and an
"elevator" or “"escalator" mechanism is used to raise the paid
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accounti ng systosh siffolwpperFLE add fall into other areas inside slot machine
15 1, such as area 8. To solve these problems, an electronic
weight sensor, specifically a load cell 12, is provided as
shown in FIG. 2.
FIG. 2 illustrates the mounting of hopper 10 onto a
base 14 of slot machine 1 using load cell 12 and cantilever
20 spacers 16. Hopper 10 and the coins therein are totally
supported by cantilever spacer 16(a), which is in turn totally
supported by lcad cell 12, which is turn totally supported by
cantilever spacer 16(b) mounted directly to base 14. Thus,
the weight of the hopper and the coins therein is applied to
25 1load cell 12 causing a strain on load cell 12 which is a
function of the weight of the hoppér and coins therein. That
strain is measured by a strain gauge 18 and the strain can be
measured by reading electrical signals on the lines of cabling
20. In a preferred embodiment, load cell 12 is a 36 kilogram
30 load cell sold by HBM, Inc. of Connecticut with a sensor
attached thereto manufactured by Cirrus Logic. For larger
hoppers, a 72-kilogram load cell sold by HBM, Inc. can be
used. Of course, any suitable load cell can be used.
Referring now to FIG. 3, a schematic of a logic
35 board 100 used in a preferred embodiment of the present
invention is shown. In an alternative embodiment, the role of
the logic board is subsumed into a central slot machine
control system. The logic board comprises an analog-to-
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fully loaded hopper will cause a reading near the top end of
10 the range, so as to have the best resolution.

ADC 102 provides its output to an input-output (I/0)
controller 104 which in turn provides samples, as requested,
to a central processing unit (CPU) 106. CPU 106 executes
programs stored in program memory 108 and uses a variable

15 memory 110 to store data incident to the execution of those
programs. The programs executed by CPU 106 comprise
instructions for following the processes described in FIGS.
4-8, however CPU 106 might alsc execute other programs not
described herein. In some embodiments, a CPU with built-in

20 I/O control functions and/or memory might be used, however the
description of FIG. 3 still applies to such integrated
systenms.

FIG. 3 shows a number of I/O signals being provided
to, or by, I/O controller 104. For example, "Coin In" and
25 "Coin out” signals are provided from coin handling devices.
These signals can be pulses (one pulse per coin) or can be
other signals indicating a count, as are well known in the
art. I/O controller 104 might also provide motor, sound,
reel, lights and display control signals, if CPU 106 or I/O
30 controller 104 are programmed to handle such functions of slot
machine 1. I/0 controller 104 receives switch signals from a
variety of sources, of which a calibration switch 112, a start
switch 114, a reset switch 116 and a door switch 118 are
shown. FIG. 3 also shows an internal display 120 which is
35 used as explained below.
Also shown in FIG. 3 is a drop box load cell 12(a)
and an ADC 102(a) coupled to I/0 controller 104. Drop box
load cell 12(a) performs a function similar to load cell 12,
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10 presaent invention to determine if more than a threshold number
of coins are in the hopper), and ejects coins in such as wvay
that the ajected coins fall into the drop box instead of into
payout tray 4. Of course, load cell 12(a) and ADC 102(a) are
not needed where coin accounting for drop box coins is done

15 separately or the drop box is not used.

I/0 controller 104 also reads/writes data from a
data pin 124 (see FIG. 1) as explained below. In a preferred
embodiment, data pin 124 is part of a communication system
manufactured by Dallas Semiconductor. A data wand (not shown)

20 is a hand-held, battery-powered device with an internal
computer which communicates with I/O controller 104 through a
single signal line and chassis ground connection.

In operation, load cells 12, 12(a) are provided with
load cell power from a load cell power source 122 and generate

25 an analog voltage which is a function of their locad, which
analog voltage is input to the load cell's ADC 102 or 102(a).
In operation, the states of the various switches shown in FIG.
3 are monitored, as explained in connection with FIG. 4.

FIG. 4 is a flowchart of a process for timely

30 detecting unauthorized coin removal as performed by CPU 106
according to instructions stored in program memory 108. Each.
step in FIGS. 4-8 is numbered with a step number and the step
numbers within each figure follow in sequential order of
execution of the steps, except where noted.

35 The process shown in FIG. 4 begins when hopper door
2 (see FIG. 1) is opened (S1). This process assumes that the
primary mode of coin theft is from dishonest technicians or
other casino employees opening slot machine door 2 to perform
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The logic boa@%s&?EQEE§ESa@£E§¥EHén§ﬁQE£ed or hopper door 2 moves, a coin
count is obtained (S2) and the count is stored as the opening
count (0C). If CPU 106 makes continuous, periodic readings,
then the opening count might just be the most recent periodic

20 reading before hopper door 2 was opened and after the last

game was played.

At step S4, the door is monitored until it is
closed, and another coin count is taken (S5). In a preferred
embodiment, this second coin count is a reading taken after

25 slot machine 1 has stabilized following the closing of the
door. This coin count, C, is stored (S6) as the closing count
(CC). Next (S7), an expected change count (EC) is determined.
This expected change count is positive in the case where a
technician is sent to a slot machine to add coins to a

30 depleted hopper, is negative where the technician is sent to
the slot machine to remove coins, and is zero where the
technician is sent to the slot machine simply to perform
maintenance. Of course, other variations of this scheme are
also possible. For example, the expected change count might

35 not be known at the time the coins are removed, but later
determined after the technician turns over the coins removed
from the slot machine.
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7 digital converter (ADC) 102 coupled to laad cell 12 to convert a
| oad signal froman analog signal to a digital |oad cell sanple. As
shown, the digital |oad cell sanple has a resolution of 14 bits (hence
the 14 signajyglegs@se Carrying the 5 signal in parallel), bupc9iddeidose
resolution A/D converters can al so be ed. Wth 14 bits, an integer
corresponding to the digital load cell™sanple can range fromO to

i:LGi ?83i V\é tg properﬁfaéﬂeb@&baeeeerehﬂw%‘ﬁﬂeﬁ imaaf fahoeﬂ.ceﬁe 12, a
So 83 1o havetihetann 15 (et on deFLEtency can ke Sasily. Forguiabsa’ o100y,
to . an input-o{S®Li ¥y /Mbtractdnygr bhécclddingtaint n(QQ)r fremothecopenimy es,
as Tequest ed, count O(ce) Hd ddalhgCene! SEpettdd (drdngel YountPYePo exgceies
progr ans sgpredﬂéﬁifroq{% rrermry_é 8, and .uses aal vari abl e nmeppry 110 to
store data>i ntt % cieney: (Bh HF noloReval 1o, aera (39)e ggﬁér%
execut ed by Gelaxmcarwrhm iset (S1Dhst rinererthed Gldtinashing deespnotesses
descri bed i? §ﬁ€§?atiqﬁ? Igﬂ%@ﬁﬁ@ﬁe(Eﬂé]£H§ﬂ§£%¥céﬂ€3h‘%&eggbetaéﬁﬁ%ciT? _
D100 BTE 101 or G L R PO ST IO S 1 s S E g o 4 "
descri pti on odla&tmsmiysht itdsudgplinea £hashicly i liighty airethe slptt mashine
10 being immediately activated, so that the unauthorized removal
of coins can be detected by a floor manager while the thief is
still present at the machine. However, in a preferred
embodiment, the slot machine detects the time of opening and
closing as well as the identification of the person opening
15 the machine, thereby allowing the deficiency to be easily
traced to a specific employee. 1In an alternate embodiment,
where the slot machine is not able to determine the identity
of the person opening the slot machine, the slot machine will
merely record the time of entry and the deficiency for later
20 comparison to a log kept elsewhere showing which employees had
access to which slot machines at which times. In a preferred
embodiment, the alarm is not merely a local alarm in the form
of a flashing light on the slot machine or the like, but is an
alarm which is recorded by CPU 106 and is communicated to a
25 central security station (not shown). Regardless of whether
an alarm is set or not, the flow of the process returns to
step Sl1, where it remains until the hopper door is again
opened.
While the process shown in FIG. 4 will detect
30 unauthorized removal of coins when a hopper door 2 is open, it
does not necessarily detect unauthorized removal of coins when
hopper door 2 is closed. The latter type of unauthorized coin
removal is less problematic than the former, since it would
require that the dishonest employee or technician modify the
35 slot machine to eject or reroute coins out of the hopper 10
into other spaces inside slot machine 1 for later retrieval.
This manner of theft can be counteracted by monitoring the
rate at which coins fail to reach hopper 10 or fail to be



FIG 3 shows a nunmber of 1/0O signals being provided to, or by, 1/0
controller 104 _Eor exanple, "coinlni—and.25 " Coin Qut" signals-are

provi ded from coin handling devices. These signals can be pul ses (one
pul se per coin) or can be other signals indicating a count, as are well
known in thewgoegidse |/ O controller 104 m ght al so provi de rpeirssc/ogeovd,
reel, lights and display control signals, if,CPU 106 or 1/0O 30 controller
104 are programmed to handl e such functions %f sl ot machi ne 1. I/O

control ler 104c5@k€dd s 5&‘1 f&r% %é&ie&ronﬂlﬁh céﬁ%i&iifz&i mohitoring©

which a calibra |ons ]‘él’( SWtc ﬂ% Ly ﬁlreset svmtch %ig
and a door svm? gt mac &“%a%‘l’%‘bng VEOT 1988 AT, foins |
120 which is 3boppex dﬂnmq)laa raéabsbél can be monitored f£¢seagivelotnmAthing
i s.a drop box Lﬂ&dtﬁs'éé sll?é@)machig.g aﬂtf[f. aéh&@%ﬂﬁhi qsah{eQ of coin

controll er 104 Drop bo | oad functi on lar to
| oad cell 12 loss ga o cppefynlldy ;nspe r mggif?‘icaut ox{s wh

PCT/ US96/ 04090increase such coin loss. Coin loss firom the rhdpper itb nthew des

an indication o] t
thelrei In AI droai’%%x %\E%ﬂ}{[nﬁal&gqli BpQPétior]; é%wnebér%%hnes Eﬂg |gh
used to cont ai FhenHse °f(iRﬁqIq5ﬁ10F2&BFn§“¢rQPFzﬂ
FIG 1, a 5 drop box nimphta lpreferred enbﬁ@iﬁautbe&huvﬂqipmdlﬁneAaétﬁpity

10 is communicated to a central security station for easy
monitoring and prompt detection of deficiencies. The
automatic coin accounting process of FIG. 4 is a process which
can be run independently of the coin counting processes shown
elsewhere. The use of the present invention to handle other

15 modes of theft or coin accounting should be apparent after
reading this present description.

While FIG. 4 shows a process of deficiency
detection, FIG. 5 shows a more general process of taking a
reading to calculate coin count C. In a preferred embodiment,

20 the processes of FIG. 4 and the processes of FIG. S run
asynchronously, with the process shown in FIG. 5 being a
process of periodically taking a reading to update the current
coin count and storing a new coin count whenever it is
determined that a stable and reliable reading has been taken,

25 while the process shown in FIG. 4 (more specifically steps S2
and S5) merely refers to the stored coin count value for the
latest reliable coin count.

Referring now to FIG. 5, the process shown therein
begins with an initialization of the variables used (S21). At

30 this point, the operator is prompted with "START" or a similar
prompt, prompting the operator to begin the calibration
process. The prompt is displayed, in some embodiments, on a
computer terminal, while in other embodiments it is displayed
on an LED display 120 coupled to I/O 104 (see FIG. 3).

35 Preferably, the operator first determines that the hopper and
slot machine are stable and the hopper is empty.

At step S22, CPU 106 (see FIG. 3) determines whether
diagnostics were requested by the operator. One embodiment,




box is simlar to a hopper, in that it holds a collection of coi ns, but

differs froma hopper in that _coins are not ejected fromthe drop box.
If a drop box is used, a hopper may have a sensor whi ch detects when
the hopper is full (or could use the 10 present invention to determne if

nore than a sﬁﬁnﬁid nunber of coins are in the hoppergery @Fﬁhﬁ%ECts
coins in suc Bas way that the ejected c0|ns fall into t$| rop

i nstead of into” payout tray 4. O cour | oad cell 12(a) and ADC
102(a) are £HE | o] r e
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process shown iis dqeseribedeim rEanther hlqﬂaerl dooFIG. @, (%eli:loalibraté.onpeﬁed
(S1). Thi swrwa—eq&agﬁsa,tm ige prod&rdd@'i:)b sedp Qis,CQbﬁbﬁé‘e.itt is from
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hopper was not calibrated, either because calibration was not
requested or because the calibration step was not successful
due to unreliable readings, CPU 106 returns to step S24, thus

20 creating a loop that is only exited when the hopper is finally
calibrated.

When the loop is exited, CPU 106 proceeds to step

S27, where a reading of the hopper weight is taken and a coin
count is calculated. This process is shown in further detail

25 in FIG. 8. Once a reliable coin count is obtained (S28), that
coin count is displayed, transmitted to a remote storage
and/or display device or the coin count is simply stored in
variable memory 110 (see FIG. 3), for later provision of a
coin count value to other processes which use the coin count.

30 Once the coin count is obtained and processed as described
above, CPU 106 returns to step S24. Thus, while the hopper
remains calibrated, CPU 106 executes a periodic loop of taking
a reading, calculating a coin count, and providing the coin
count to various display or memory devices as needed. 1In a

35 preferred embodiment, a latest reliable value for the coin
count is retained and is not overwritten by any subseguent
unreliable coin counts, thereby providing a reliable coin




WO 96/ 30730 PCT/ US96/ 04090

9 actual or purported nmai nt enance—and.taking coins from-hopper 10

whi | e hopper door 2 is open. Presumably, a game cannot be pl ayed and a
payout cannot be nmade while door 2 is open and therefore a coin count
shoul d not c Aycept in cases of 5 authorized coin w t pgdrandensodon 2
preferred enbodi nent, hopper door 2 is iicured by an el ectronic swtch,
such as a sol enoid 126 (see FIG 1), h can only be activated by the

techni cian or Y6£1 l-RJ e ﬁﬁﬂgﬂﬂ chFoRolig
124. As part O?BBJHQ e%?#@lﬁogégsbéﬁijig%%gﬁ ds 10 arllpgr?glnoyee quii)k

conmmuni cat ed fPERFEFESRat a wand before activating solenoid 126 to open
hopper door 2. Alternatir¥g.yé showboppercdbbbréttnnlpznaqaanm@ l[stepnS25 in

ordinary key a?dr{:ﬁgrdé’éﬁ}n.re Qeﬁgﬂgoﬁége@eofieé i%i-é?lﬂ@n Jcﬁhsllépu

In either case di nent ecor e t| enlnggl %
When hopper d06952"¥§t§)e‘$ﬂ')0|§eﬁeé calibrakee %tﬁj;ﬂ“‘ 'J She S
granted or hop@evideosr fxron ¢he opepator presa&nglcalihnattnn @®dtchndizhe
count is store h n AGNBK cont i nuous,
periodic readlgggéhL éh#i??ﬁqyﬁg gégﬁgggigoun ?#%ﬁéF)ust e tﬁi nDst recent
peri odi c 20 rcREeABteEmined (FdBser th8oFadiky: rﬂi?éﬂﬂ? d gpd an

gane was pl ayefnaication that cauisi-apiaé,dmendnmoup;leummmlgawmnunl thati s

10 readings (see FIG. 5) will not be taken until the calibration
process actually successfully completes. If the calibration
signal is received, CPU 106 proceeds to obtain the hopper
weight (S42), which is described in further detai; in FIG. 7.
Prior to receipt of the calibration signal, the hopper should

15 have been emptied by the operator so that a tare weight of the
hopper can be obtained. Also, if the calibration signal is
sent using calibration switch 112, CPU 106 delays for a
predetermined time to allow for dampening of slot machine
vibrations due to calibration switch 112 being pressed. If

20 the hopper weighing process returns an error indicating that a
reliable hopper weight cannot be obtained, CPU 106 aborts the
calibration process (S42). However, if a reliable hopper
weight is obtained, that hopper weight is stored as the new
tare weight (TW) value for the hopper (S44).

25 Oonce the hopper tare weight is obtained, CPU 106
waits for a COIN WEIGHT signal (S45), and when the COIN WEIGHT
signal is received, CPU 106 again measures the hopper weight
(S847). Before the COIN WEIGHT signal is sent, the process
expects that the hopper now contains N coins. In a preferred

30 embodiment, N=20, however it should be apparent that other
values of N could be used. If a time out occurs while waiting
for the COIN WEIGHT signal or the hopper weighing process
returns an error, the calibration process is aborted (S46) and
only the tare weight is updated. Where a hopper is modified

35 or moved to a different slot machine, the calibration
procedure could be allowed to abort at step S46, without ill
effects, since the prior per coin weight can be reused.

Once the hopper weight is obtained (S47) for the



cl osed, and another coin count is taken (S5). In a preferred enbodi nent ,
this second coin count_iLs_a_reading taken after_25 slot machine 1 has
stabilized follow ng the closing of the door. This coin count, C, is
stored (S6) as the closing count (CO . Next (S7), an expected change

count (EC) iﬁogﬁ%ﬁ.ﬁﬂ" ned. Thi s expected change count |5Wn t he
case where a echnician is sent to a slot machine to add coins to a 30

depl eted hopper, is negative where the techfician is sent to t he sl ot

hi t d th
;nlagtI Prgchiomr'-:es %1&0!‘@,3 2 oxrqlméomol%gny%qg& ggcm%?higﬁ arl)a?;i}onse

of this schen®% -§a°ti&\956hﬂo§§l’5?% tang welght é?'"t)hgreﬁpgﬁfemm%t
m ght 35 not lIppervwedighthqHW) nend ividing the ddfferdncauby| i erThis new

glegter ?agﬁldngf e i %%%bg?%g{fg%&%ersé&%dc%%)r §APYEFiab1d HEAdRF
PCT/ US96/ 0499310 and the calibration process returpms indicating a |f {he
expect ed changmmsﬁtuilshbpﬁw ciliheatiom the door is closed, a
Coun 83 ot 48408 o SFmalL 1 WAENLE Mt M-
count (EC). |ft*tqqé'esylrte§eu99n§1‘em# @mws) suscesstudly| with A henper)
t hen an al arelightn (EW)sek retipnind aire eriors/indicatingetnat st thopper
10 was too unstable for a measurement to have been taken.
At the beginning of the process, the variables used
for temporary storage and loop control are initialized (560)
and a sampled digital value, L, is taken from load cell 12
(S61). As should be apparent from this description, the
15 processes of FIGS. 4-8 are equally applicable to coin
accounting using a drop box, with the main difference being
that load cell 12(a) is sampled instead of load cell 12. The
sampled value L is stored as a reference reading R (S62), and
a main loop is entered.
20 In the main loop, the load cell is again sampled
(S63) to obtain a new value for L. If the absolute value of
the difference between L and the reference reading R is less
than a variance limit, V, then the sampled value L is added to
an accumulator (HW) and a loop counter (I} is incremented
25 (S65). CPU 106 then pauses for a predetermined delay period
of Tl mg (S668) and then loops back to step $63 to take another
reading. This continues until a predetermined number, C_SAMP,
of readings has been taken. Once C_SAMP samples have been
taken and accumulated, the value in the accumulator (HW) is
30 divided by C_SaMP (S68), to yield a hopper weight. In a
preferred embodiment, the digital values L and R are integers
ranging from zero to 16,383, the variance threshold V is 120,
Tl is 100 ms and C_SAMP=40.
If the absolute value of the difference between L
35 and R is greater than or equal to V, indicating too much
variance between a sampled weight and a reference weight, the
reference weight is adjusted by an increment VSTEP (S69).
More specifically, R is adjusted so that the absolute value of




automatically determ ne the identification of the technician or ot her

enployee openi hgthe—slot—nmachi ne—the—settingof an alarmnight result

in a flashing light on the slot machine 10 being i medi ately activated, so

t hat the unauthorized renoval of coins can be detected by a fl oor
manager whi | evgdemotdpi ef i s still present at the nachi ne. pdevsdéssosd N 2
preferred enbodi nent, the slot nmachine dgjects the tine of opening and

closing as well as the identification of the person opening 15 the nachi ne,
t hereby al | owithe diEféeiencechewbon e ARFIR \is rdducedl byo vSTEPeCciler, if R
enpl oyee. In dj ; e chl,NGed nﬁE? e
to determ ne ?%e%gn%tgﬁ Q"hg;l‘bg'f b?ﬁg&beertshoa\r%pgéerﬁ E%? heghs‘,::sgt %ﬂgﬁ?%% Zﬂ

sl ot machine # 148 13%%*’? LeP¥r BOXe Ehamy oR dft ApcxeasedcbYcYSTERNC\IR or
| at-er 20 conpa ipreferved eapolitmnent) Ses¥EF=105how ng whi ch enpl oyees had

access to I ch sl ot maghi | C | I r Ik [ t,
the alarm Y\g not nmnerel y%#%%%?&aﬁé n%#ﬁ%“ftor%nglanq %%galgﬂgsﬁ?‘gﬁ@%g@non
the slot machiad &he pecumadatpr: (KW) Aare zexosdm(§7i00hHand F@C%ﬂ%&lﬁ' CPU
106 and is corpaadingt eduhted, 20, Coit idraamited.y ITifathe unBeabisorénding

Regar dl ess of r ap _al | t._or : e h r Ss
re'? urns to %‘3‘9’%1“ \kﬁeﬂggi 6{-%{%&- ﬁ%t’i F‘%&Lﬁop‘%@ \ivdgg?ﬁléngg(ﬁ
opened. reenters\\thecmain peop cinst thafiorien step S§6w | Pthervise3olf U
unaut hori zgd rigYytrdater ¢BaRASUMAR) @ 1Y HYetded zéroS aplAcBn eiror &gt NOt

Closed. The | Sioni) s QnckRRenEeT , (il » 2" tpll arzer, SORRE 19, Tndkar .
t han t he for ndhansiandaximupoeryor valugi(ERRONT: >t NAXZRRAontbe heopperce or
hopper 10 e L rerorats vl
Thr S rmnner_ofSWHpEPAaes, BE° 13, Peei¥es, Yo BRI dobr, ShRt bekels SUeB L o\
coi ns faill¥%o0 §8ach Inoppbreferved fephodimept, UMAX=40 and MAXERR=4. Also,
in a preferred embodiment, as instability is detected, the
operator is provided with an indication, such as a display
YUNST", to indicate that instability is being detected,
thereby giving the operator the opportunity to eliminate the
20 source of instability while a reading is being taken.
Assuming a valid hopper weight reading is obtained, this can
be used in the calibration process shown in FIG. 6.
FIG. 8 shows the process of taking a reading, which
results in either a coin count C being returned or an error
25 indication being returned. At the outset of this process an
accumulator (HW) and a loop counter (not shown) are
initialized. 1In the main loop (shown as steps S81, S82, S83)
a load cell is sampled to obtain a value L, CPU 106 delays for
T2 ms, and the sampled value L is added to the accumulator
30 (HW). This loop repeats until N_SAMP samples are taken. In a
preferred embodiment, T2 is 200 ms and N_SAMP=30.
Once N_SAMP samples are taken, the accumulator (HW)
is divided by N_SAMP (S85) and the resultant hopper weight
(HW) is compared to the hopper tare weight (S86). If the
35 hopper weight HW is less than the tare weight TW, an error
signal is generated (887), otherwise a coin count C is
calculated according to the formula:
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Thus, in the manner described above, a hopper is
weighed periodically and that weight is used, combined with an
automatically determined per coin weight, to determine a
number of coins in the hopper. In one specific use of the
coin count, coins are counted just before a hopper door is
opened and then counted again after the hopper door is closed
and this difference is compared to an authorized difference to
determine if unauthorized removal of coins from the hopper
while the hopper door was open occurred. One application of
this system includes a centralized slot machine control
system, from whers a trusted employee can monitor the opening
and closing of each slot machine door, as well as a current
inventory of the coins in the hopper and/or drop box of each
slot machine. The necessary information can be communicated
from the slot machines to the centralized slot machine control
system through dedicated communication lines running from each
slot machine or can be provided by the above described data
pin system.

The above description is illustrative and not
restrictive. Many variations of the invention will become
apparent to those of skill in the art upon review of this
disclosure. Merely by way of example, it should be apparent
after reading the above description that noncoin disks or
tokens, or even bills or scrip could be accounted for as coins
are, and that the present invention could be used with other
ganing machines or vending machines. It should also be
apparent that the data pin system described above can be
replaced with a hard-wired slot machine communications network

the sl ot machi ne

2

a



determ ned that a stable and reliable reading has been taken, 25 while the

pracess shown inELG 4 (nore specifically.siens S2 and_S5)—nerely

refers to the stored coin count value for the | atest reliable coin
count . Referring nowto FIG 5, the process shown therein
begins W th g deRbfap @l | zation of the vari abl es used (S21). AcrABoddase
point, the operator is pronpted with "START!_or a simlar pr onpt ,
pronptl ng the operator to begin the cali br atfon process. The prorrpt is
di spl ayed, in n o gOt her
enbodi nents i t i Spl & '@Qkieg% %?II“EED %H-Pﬂ%%{ éf%fcou I ed /b% 104
(sée FIG 3). binkserqxn %/1 ke o%?a?‘é?!’?l‘?%t ViRt fle hopper

and sl ot necherefore, Yeildetetmiinédenboppith ireternce to the above At

step S22, CPU ) Yekén
request ed b %% %’f()jgﬁtﬁl'eb&% iﬂ%&é@ %éuw%é%eteW%%Sge ce
PCT/ US96/ 04 goto the appended claims along with their full pﬁgp&p at or
signal s that deqgivslierts.are requested by sending a predeterm ned
signal froma termnal to I/Ocontroller 104 such as through the data
pin 1/0O or by sinultaneously pressing calibration button 112 and start
button 114 (see FIG 3). If 5 diagnostics are requested, CPU 106 executes
t hose di agnostics (S23) and proceeds to step S24. Ot herw se, if

di agnostics are not requested, CPU 106 proceeds directly to step S24.



At. step S2 to see if the operator has requested a
calibratio 1!! l "B ﬁ ment_shown in FIG 10 3, the operator requests
C

calibration i bration button 112. If calibration is
reguested, .the calibration process is executed (S25) to determne a
tare wei ght a per coin weight (CW. Follow ng géyauseahdeds ati on
step, which wé |s§‘gescri bed in further detgil in FIG 6, or 1f calibration
is 15 not requested, CPU 106 proceeds to st®Ep S26, where it det erm nes
whet her or not sygalibrated. If the hopper was not
calibrated, ei r u Fbration was not request ed or because the
calibration step was not successful due to unreliable readings, CPU 106

returns to step S24, thas 22 methéd ngf dimothelfit detectlipnein tadyasiiony t he
hopper is f4n ; Lok : . Wien the loop is exited, CPU
106 proceeds ?AOJ%‘P&?’ %b??‘?g\%\ﬁgr%h% sﬁ?&& r?f'of t he hqpper V\fi %;lt I s taken
and a coin 3 count is @afdErht&teP é‘ﬁiﬂ&gégscpin?h& aj foin hepRex; &Ly |
25 in FIG 8. theeyaning makhénépi thaxby neasultiagnad£i526) veidlat; coin
count is digplayed, tra sgligggds#%&%?éghﬁ%gkg;@g?i n g{j/ﬁ% &%?"s&?

device or the coin count S sinp e ne
FIG 3), fof IR hoppersbagedion the fixst. yedghta) EGSPétéme{Xp? FdEstes

whi ch use the emint;count. 30 Once the coin count is obtained and processed

as descri be above, r 0 e . s 3h ' ‘;Ezh,opper
remai ns cal?brat ed, @Ugﬁ'ggagggcu‘%éegs&;g;?ert?%qggzif‘gqﬁ';o#ﬁ?a%%%%é a '
readi ng, cafcul ating a @oiegcendnstemRf Wedghdnggcpaascépna coil hAPRey of
various di 3p| a3hedIgaliiRy hathihe pStiferdiycteasuring a5speohar weigterpodi ment ,
alatest rgjiable valuefQechhe ol or RAUMLALINGCHANTRHRR e | ol in
overwritten by any subsequen artr el’i abl'e "cor n counts, er eby providi ng
a reliabl ele¢oithe coin hopper based on the second weight, resulting in a

13 second count; and
14 setting an alarm if the second count is less than
15 the first count minus an authorized number of removed coins.

(=

2. The method of claim 1, wherein the coins are
tokens exchangeable for value.

N

3. The method of claim 1, wherein the first
weighing step is performed at a time when the coin hopper is
secure within the gaming machine and the second weighing step
is performed at a time when the coin hopper is secure within
the gaming machine, the method further comprising a step of
detecting who has access to the coin hopper during a period in
which the coin hopper is not secure between the time the first
weighing step is performed and the second weighing step is
performed.

W 0 N N & W N

4. The method of claim 3, wherein access to the
coin hoppér is limited by use of an electronic key for opening
a door of the gaming machine, the method further comprising
the step of reading the electronic key and recording an
electronic key identitier.

n & W N



mf_gzﬁgt va”“mm““nl“"c“lll “ﬂl‘ Mﬁ)ysggggﬁg?gnees

processes. 6" shows the calibration process of step S25 in
further detail. At the outset of the calibration process, CPU 5 106 waits
(S41) for aygbéMsgion signal, either froma renote devpecrusssnimom t he
operator pressing calibration swtch 112. If the calibration signal is
not received vvithi n a predetermned tine, the calibration process is
aborted ang i ndi off | ofhd htithedl bbrelaon 1] dfwptherpimirisinggichen so
t hat 10 readln é FIG 5) wll not be taken until the calibration
process actuaP g? Rebssful | y conpletes. If the calibration signal .is

recei ved, @PU 106 pr ocedopping @mioverfitowonpaber oficfeins (Ipem the,cedn; s
descri bed ig ixub{ahffi:‘il@éadt'dt Ho® when a Davel 6P &6ins pit or tdvove a

calibration si t he r ou 15_hay g by the operator
so that a thr Hﬁ' %‘F° e1e dsﬁl}'t?ﬁﬁ gﬁnélbé ‘gﬁﬁgl %éﬁ I f the
calibratiors si gnal is we.’eghtngjs:qi@%dm ‘bhettﬂmpshl’l‘chﬂl&? terpindngy s
for a prg dgtai.g% g%tégfnt& &yneaw for darrpenl ng of slot machine

a

vi brations due to swWtch 11 be| ess r
wei ghi ng prbcess ret ur n€alFRiating &, pep ?Fnﬁ gi‘n?i £ re% &8‘?‘; fi%gbgg-gﬁ
wei ght canremt the dbbpi hex, c@UM@Mborasulhimg inanidrep|kpx rﬂ%’é‘é’-&s and;2) .

However, :{ a reliable the hbokScethei 868 0thé Neirsto e 'setdnght s
stored as %e new tare we] ght val ye for t:he hopper (S44). 25

Once the h’o’pp&P“P’a'rE%\ﬂ?W*%e (?ot &g COER SR

1 6. The method of claim 1, wherein the first and
second steps of weighing coins are steps of weighing coins of
3 known unit weight.

1 7. The method of claim 1, wherein the first and
2 second steps of weighing coins are steps of weighing coins and
the coin hopper.

W

8. The method of claim 1, wherein the steps of
weigh;ng coins comprise the substeps of:

measuring an acceleration of the coin hopper
relative to the gaming machine; and

measuring a distortion of a cantilever beam which is
distorted by the weight of the coin hopper and the coins
therein when the acceleration of the coin hopper relative to
the gaming machine is essentially zero or is a known
acceleration.

W 0 N 00 1 bW N

9. A method of securing a gaming machine from
unauthorized removal of coins from a coin hopper in the gaming
machine, comprising the steps of:

detecting a door being opened;

: substantially simultaneously with the door being
opened or before, measuring a first number of coins in the
coin hopper by weight;

detecting the door being closed;

® N W e



————

waits for a CON Lgnal (S45), and when the CO N WEI GHT signal is
recei ved, CPU 10 ﬂ ﬁ he hopper wei ght (S47). Before the
CO N VEI GHT signal« " ocess expects that the hopper now

contains N coins. In a preferred 30 enbodi nent, N-20, however it should be

apparent th £&£¢5 val ues of N could be used. If a tingep E,éu“gdrs
whi | e vvaiti%) or the CON WEIGHT signal or the hopper vvelig I Ng process
returns an error, the calibration process2Ps aborted (S46) and only the

tare weig i s updat ed. \her h [ L] r:?Q% d a

di fferent h’Fsl ot machi nen,‘e?shugig"ﬁaiao%%%%ﬁ ﬁuﬂggﬁcéeﬁﬂ?éeﬁ&%uﬁ d } efltﬂq'gv\ed to
abort at ¥ epopper by tweight |after thecsiesing et the dpanigdetastedici ght
can be rassedna Once the hopper weight is obtained (S47) for

t he . WD 96/ 307

PCT/ Us96/X#4090 déternining a aifference in goin COURE ¥ and the N
coi ns, a Xbi subtrasting the dirategousisfroyp the sipgond GaMn% Mdhopper tare
vwei ght (W kelescibRicably Taportdty theoaReferéndyitd RAVtHurt dontiolg t he
differen b Nt Thi s new per coin weight (CW is then stored (S49) in
vari abl e ? €B-110 and the calibration process returns indicating a
successful hopper calibration. ~ FIG 7 shows the process of
getting a jiopper vei ghjg, THd ethtd brbehadnes | hirtrnt (dbniis-iwingeeabul | Y

with a hO%Pe;tep of adjusting the difference to account for authorized

3 coin removals.

1 11. The method of claim 9, further comprising a

2 step of setting an alarm when the difference is greater than
3 =zero.

1 12. The method of claim 11, wherein the step of

2 setting an alarm is a step of setting a flag in a field of a
3 row of a data table associated with the gaming machine in

4 which the difference is detected.

b § 13. A method of coin theft detection in a gaming
2 machine, comprising the steps of:

3 weighing coins in a coin hopper of the gaming

4 machine to determine a baseline weight at the start of a

S detection periocd;

6 calculating a baseline coin count from the baseline
7 weight;

8 recording a number of inserted coins;

9 recording a count for each authorized withdrawal of
10 payout;

11 calculating an expected coin count by subtracting
12 the count for each authorized withdrawal or payout from the
13 baseline coin count and adding the number of inserted coins
14 thereto;
15 weighing coins in the hopper at the end of the
16 detection period to determine a final hopper weight;



MEIght (NW or reiulnumﬂulnmnnlm"ulndlcatlng that the hopperAgotﬁgs t oo

beglnnlng of the procésst the Svari abl es used for tenporary storage and
| oop control are initialized (S60) and a sanpled digital value, L, is
taken from | ogg ogSd7he 12 (S61). As shoul d be apparent fro”iéﬂ?énmuwm
description, the 15 processes of FIGS. 4-8 are equally applicable to coin
accounting using a drop box, with the main @tfference belng t hat | oad

cell 12(a) 4ps sanpl ed i N T | u S

stored as 1|7r ef er ence reac}%q'aggf’éé)f?ﬁ;% &gi% é‘%nr}; Ité%p i‘g‘ e;@'&’z’dh"gﬁu
In the mai 8 | oO¥P? ighhs anthd cell is agai n sanpl ed (S63) to obtain a new
value for 19 If the abSCﬂéﬁéhMﬁH.ﬂ@ af discrépeney féﬁmeabemeael:ea&dohhe

reference kpead ncs I| h the sanpl.ed
value L is ggdg§9§§a By éﬁ?ﬁﬁ%&&%ﬁgag%é {i&éf oop E%E#ﬁ

i ncrenent e® 25°?§B59°“Q§l1106 t hen pauses for a predeternlned delay peri od
of T1 ms (S66) and then | oops back to step S63 to take anot her r eadi ng.
This continyges until a ede rmn readin ha
been taken. &Cnce C SANP s ﬂ3§€°§é§€ °1&$%5@gP£H5?5 uﬁﬁFBF&gi“Phghe
value in the ae'ew%tmqnmpm theodiscrepandy BN asSasEeinotheétd a
hopper wei giat . ambéne, preferred enbodinent, the digital values L and R
are integers rangi ng fromzero to 16,383, the variance threshold Vis
120, Tl is 100 nms and C_SAMP=40. I f the absol ute val ue of
the difference between L 35 and Ris greater than or equal to V, indicating
too nmuch vari ance between a sanpled weight and a reference weight, the

reference weight is adjusted by an increnent VSTEP (S69). Mor e
specifically, Ris adjusted so that the absol ute val ue of



W0 96/ 30730 PCT/ US96/ 04090

15— thedi ff erencebetween L and-Rils.teduced by VSTEP, i.e., if R
is greater than L by nore than V, R is reduced by VSTEP and if Ris

|l ess than L by nore than V, Ris increased by VSTEP. In a preferred
enbodi ment, wobkbird®. 5 Fol | ow ng the adj ust mentp@frudssniods | oop
counter (1) - and the accunulator (HW are zeroed (S70) and an unstable
readi ng counter, U, is increnmented. |If the, gnstable reading counter U
IS not greater than a maxi num UMAX, then 106 reenters the main | oop
just before step S66. Oherwise, if U 10 is greater than UMAX, U is reset
to zero and an error count (ERRCNT) is increnmented (S72). If the error
count is greater than a maxi mum error val ue (ERRCNT > MAXERR), the
hopper wei ght process ends and an error indication is returned.

O herwi se, CPU 106 reenters the main | oop just before step 15 S66. 1In a
preferred enbodi ment, UMAX=40 and MAXERR=4. Al so, in a preferred
enbodi ment, as instability is detected, the operator is provided with
an indication, such as a display "URST", to indigate that instability

I s being detected, t hereby giving the operatoréfﬂe opportunity to
elimnate the 20 soyrge of instability while readi ng iJs beip t aken.
Assum ng a valid ho BE =ylit readi 1S O med,THi § can be used in
the calibration prog¢e$ in FI 6. |G g fghows t

process of taking ajlfeading, rTh est--sid-a—eitbgr f a coifpjfcount
bei ng returned or ap| énror J

2y

= S0
. P
. 4/ ,

: " 0,124
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25 indication being returned. At the outset of this process an

a

ccumulator (HW and
mai n | oop (shown as steps S81, S82, S83)

a | aap _count initialized 1n the

a load cell is sanpled to
obtain a value L, CPU 106 del ays for T2 nms, and the sanpled value L is
added to th ator 30 (HW. This | oop repeats until | es
are taken. In a preferred enbodinent, T2 is 200 ns and N_SAMP=30.

Once N_SAWP sanpl es are taken

(S85) and the resul
tare wei ght (S86).
TW an error

PCT/ US96/ 04090
C-ROUND( (HW - TW /
can be used. The

i nteractive
process of FIG 3,

machi ne i s not open

i1l effects, whered
coi n wei ghts which

si gnal
cal cul ated according to the formul a:

5 and_

t he accunul ator (HW i s divided by N _SAWP
tant hopper wei ght i's conpared to the hopper

I f the 35 hopper weight HWis less than the tare weight
Is generated (S87), otherwise a coin count Cis

WD 96/ 30730
16
cw . O course, other suitable fornul ae
hopper wei ght reading process of FHgG 8 is |ess
s error-correcting than the hdpper-wei ght reading
C Qrirer gener a V O UrNSs wier (1€ S|Ot
an unr¢fiable reading can bg di scar ged wi t hout
| att erfj process provi desgtare weig and per

2 ﬁ, L~ 18{b)
4
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10 easily discarded. Thus, in the manner described above, a
hOpﬁ&F—f&————Mﬁlghed pe#+944calIy—and—LhaL_uahghL_Ls_used canbined with an
automatically determ ned per coin weight, to determne a nunber of coins
i f the hopper. In one specific use of the 15 coin count, coins are counted
just before awo®gpemsedoor is opened and then counted agai chiksiesdodc
hopper door is closed and this difference is conpared to an authori zed
difference to determne if unauthorlzegﬁgﬁnnval of coins fromthe hopper
whi l e the hopper door was open occurred. application of 20 this system
i ncludes a centralized sl ot machi ne control sysAfnmﬁron1mhere a trusted
enpl oyee can nonitor the opening ﬁ cl osi ng of ch sloq"pachlne door,
as well as a current i nvent or ) e coins 'Hﬂtrma and/ or drop
box of each sl ot machine. The ' b conmuni cat ed
25 fromthe slot machines to th ol system
t hrough dedi cat ed conmuni cati on machi ne or
can be provided by the abpﬂb de The

above descri m&i-l—ﬁ ratije ‘ fctive. I\/any vari ati ons
of the invent ' { he art upgn

review of thik di scl osurle. uld be
appar ent after reading tthe a LI (nd [ [
t okens, or even bil or sqrip cqu i Nng—=8 %énd
that the pr eskent i on,coul d ' '
vendi ng nmachipneg q¥ioul ¢ al Jo pi n systerpno
descri bed aboye|canye epl g | e
conmmuni cat i onfs H VARIABLE
o _ _ 1 MENORY
—_———d f'Z(ﬂ)
" bRoP BOX LOAD |
Y 10 |—=- NOTOR CONTROL
. | et | SOUND CONTROL
| T T —< u [—= REEL CONTROL
! H—4 | A |— o LIGHT/DISPLAY
| I r CONTROL
| ]
L - 14*
— [~ DATA PIN (/0
+ - ,IZZ [
LOAD CELL
DLO:ER
(P 78 /120
T ~ INTERNAL
= | DISPLAY
COIN IN PULSE
COIN OUT PULSE
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17 caonnection_ wreless |inks.—opticaleorRE communi cat -oRs——-~H-Rks—oF—
the like. The scope of the invention should, t herefore, be determ ned not
with reference to the above description, but instead should be determ ned
W th referenggegadise t he appended clainms along with their fupdrrssanfoef

equi val ent s. WO 96/ 30730

PCT/ US96/ 04090 18 VWHAT IS CLAIMED | S:
1 1. A nmethod of coin theft d8&ction in a gam ng 2 machi ne,
conprising the steps of: 3 a first step of weighing coins in a
coi n hopper of 4 the gam ng machi nef nmeasuring a first weight; 5

a first step of calculating a nunbe g in the

15
DOOR BEING
OPENED?

GET COIN COUNT(C)

STORE G AS
OPENING COUNT (0C)

GET COIN COUNT{C)

1 6
STORE C AS
CLOSING COUNT (CC)
1 7

DETERMINE_EXPECTED
CHANGE COUNT (€G)

] 58
CALCULATE DEFICIENGY:
D= 0C-CC+EC

SET ALARN

Fl6. 4.
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6 coin hopper based on the first weight, resulting in a first 7 count; 8

aLJ_Qw_ng_a.ccess tothe coins in the.caoin hopper: O a_sec_aad__smp
of weighing coins in a coin hopper of 10 the gam ng machi ne, thereby
measuring a second weight; 11 a second step of calculating a

number of colBSesdizgt2 the coin hopper based on the second WﬁhﬁﬁéﬁN&ﬁﬁ“'ting
in a 13 second count; and 14 setting an alarmif the second count
is less than 15 the first count mnus an authorized nunber of renoved

coi ns. 1 2. The method of cl §8 1, wherein the coins are 2

t okens exchangeabl e for val ue. 1 3. The nethod of claim1l
wherein the first 2 wei ghing -- performed at a tinme when the coin
hopper is 3 secure within t machi ne and the second wei ghing step 4
is perforned at a tine whenNhe oo hoppeénls secure within 5 the gam ng
machi ne, the nethod further comdri Sing p of 6 detecting who has access

to the coin hopper duri ?m 8‘& i ch the coin hopper is not secure
between the tine the fi Ul duﬂfgtap is perforned and the second
i ghi ' EEhe 4. The nmethod of claim3,
wherein access to the 2 coin hO!uer is limted by use of 3el ectroni c key
; her conprising 4
| ectroni c key

the step of reading the el AN "ecordiﬁahan 5
i dentifier.
DIAGNOSTICS

525

CALIBRATE HOPPER
YES {TARE WEIGHT (TW) AND
PER COIN WEIGHY {CW)

(SEE FIG. 6)
' _

CALIBRATION
REQUESTED?

526

HOPPER
CALIBRATED?

YES Szt
TAKE READING CALCULATE

COIN COUNT {C) (SEE
FI. 8)

1 ~$28
DISPLAY/TRANSNIT/
STORE COIN
COUNT ¢

FIG 5.
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19 .1 5 The nethod of _claimd1__further (‘nn‘pri Sj_n_g_t_h&’) steps.
of : 3 droppi ng an overfl ow nunber of coins fromthe coin 4 hopper
into a drop box when a |l evel of coins at or above a 5 drop threshold is
detected in Wogsgisp hopper; 6 wei ghi ng coi ns i n pEfusésiidoddsOX,
thereby determning 7 a drop box coin weight; 8 cal cul ating a
nunber of coins in the drop box from9 th rop box coin weight, resulting
in a drop box count; and 10 addi the drop box count to the
first or second 11 count to determne a total cg ount . 1 6. .

The nmethod of claim1l, whereif the firs sijcond steps of weighing
coins are steps of weighing omunﬂmm%

i tJ wei ght . 1 7.
The nmet hod of claim 1, wherein

#fcond steps of wei ghing
coins are steps of weighing cai t he coin 8éioer. .

WAIT FOR CAL |_TINE OUT_

SIGNAL
AT THIS POINT. i
THE HOPPER — 583 | $42
SHOULD B EMPTY|~~]  GET HOPPER | RETURNED ERRO
WEIGHT
54
STORE HOPPER WEIGHT HW
AS NEW TW VALUE
* $45
WAIT FOR “COIN WEIGHT™ | TINE OUT
SIGNAL
"R e o ¢
coNTAN X com| ~|  CET HOPPER - RETURNED ERROR (™ pgopr
l 548
CALGULATE COIN WEIGHT:
CN = (H¥-TW)/ N
1 549

STORE NEW CW VALUE

Fl& 6.
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1 8. The nmethod of claim1, wherein the steps of 2 weighing coins
conprise the substeps of: 3 peasuring.an accel eration-of the coin

hopper 4 relative to the gam ng machi ne; and 5 measuring a
disstortion of a cantil ever beamwhich is 6 distorted by the weight of the
coi n hopper coins 7 therein when the accel erati on gbrijissdstdon
hopper relative 1o 8 the gam ng machine is essentially zero or is a known 9 .
accel erati on. 1 9. A nethod of, securing a gam ng nmachine from2
unaut hori zed renoval _of coi’ns froma coi nM@ per in the gam ng 3 machi ne,
conprising the stegs of, det S8 door being opened; 5
substantial ly sinu\tan sﬂpm& MEMI dogr be| ng 6 opened or before,
measuring a first n 7 c i n hopper by weight; 8
detrecting the door kel " 96/ 30730

PCT/ US96/ 04090 INITIALIZE: KW=0, I=0, U=0, 20 9 neasuri ng
a second nunber of|coi ns i rERRCNT=Di n

. ! S61
SAMPLE LOAD CELL VALUE (D

R ,
SAVE L AS 62

REFERENCE READING R

o 563

SAMPLE LOAD CELL
VALUE (L)

@ N0 (T00 NUCH VARIANGE)
1 569

YES  _eps ADJUST R BY VSTEP
HW=HW+L, ]

I=+1 120, HW=0, UsU+!

_F

DELAYTY 566
MILLISECONDS

~ST0

NO

ERRCNT = ERRONT+1

G

AVERAGE SAMPLE:
HW=HW/C_SANP

ERRCNY >
MAXERR?

( revn e ) (" reruan ennon )
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10 hopper by weight after the closing of the door is detected; 11 and 12
det-erm-rrg—a—ai-fference—i N coi N cowt—by—33—swbtracting the fitst—count——
fromthe second count and 14 electronically reporting the difference to a
theft control 15 system 1 10. The method of claim9, further
conpri sing tvwesedp7ss ep of adjusting the difference to accousdrissn4090
aut horized 3 coin renovals. 1 11. The method of claim?9,
further conprising a 2 step of setting an alarm when the difference is
greater than 3 zero. 1 12. 8/8 nethod of claim 11, wherein

the step of 2 setting a S ; setting a flag in a field of a
3 row of a data table as ocﬂ‘“@cammgt e 8 m ng machine in 4 which the
dlfference i s detected. . A method of coin theft

5&& the steps of: 3
meighing coins in a coin 0
basel i ne weight at the s d“ﬁ?ﬁ.‘ﬂf’aﬂﬁﬂdet
calcul ating a baseline Clid=ag a¥as

amng 4 machine to determne a
recordi ng a nunber o ar -ins; 9

ection period; 6
he baseline 7 weight; 8
recording a count for

each authorized with fsm
SAIPLE I.OAD OELI.
VALUE (L)
! 562
DELAY T2
MILLISECONDS
$83
585
AVERAGE SANPLES:
HN = HW/ N_SANP

(w

GALCULATE COIN COUNT:
C=ROUND((HW-TW)/ CW) ERROR

s
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11 cal culating an expected coin count by subtracti ng 1??\;&?'0 ‘4-
vmthdrama.l_.o.r_pa.yg-u-t_.f.mmthe_ oL
Wgunt and addi ng the nunber. of inserted coins 14 thereto; 15 Co?‘/
i ghing coins in the hopper at the end of the 16 detection pgged to
determne a final hopper weight; WO 96/ 30730 1,‘.1,';"
PCT/ us96/ 04090 PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION &% cul ating
a final cal

ot oy o o SR RonAr, 8P ES bl ey OB ?&m&?ﬁ&@ﬁww,m%wgm

the fi hél)mmﬁe expectled (1) Rinationd Riillication Nimber: WOMG}B&’

met hod| of GU1Gi 19/423G07FBM2her conpri si|d fhe 2 step of reporting the
di screpancy anount _as_a coin theft 3 anypfinternational Publication Date: October 1996 (03.10.96)
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(54) Title: COIN HOPPER MEASUREMENT AND CONTROL SYSTEM
(S7) Abstract

The present invention provides & weighing apparatus
for weighing coins accumulated in a coin hopper 10
using a load cell (12). By periodically monitoring the
hoppermdaumncallycalculuﬁngthemmberofeoins
in the hopper, theft of coins and other irregularities can be
casily and timely detected. The unauthorized removal of
coins during an actual or purported maintenance procedure
can be detected by determining a count of coins before a
hopper access door (2) is opened, counting the number of
coins once the door is closed, and using those two counts
to determine the change in the number of coins in the
hopper. In a preferred embodiment, the identity of the
person opening the hopper door and the time which the
hopper door is opened and closed are recorded, along with
any detected discrepancy in coin count.




