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coins in gam ng amusenent and vendi ng machi nes. More particularly, the
present iPnvention relates to 20 a coin hopper which alerts an operator the

need for preventive fill and perforns automatic inventory of coins in
the coin hopper .

CROSS REFERENCE TO RELATED APPLICATIONS
This application is a continuation-in-part of U.S.
Application Serial No. 08/586,513, filed January 16, 1996,
10 which is a continuation-in-part of application Serial No.
08/414,238, filed March 31, 1995, and claims priority £rom
U.S. Provisional Patent Application Serial No. 60/005,312,.
filed October 16, 1995, all of which are incorporated herein
by reference for all purposes.
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TECHENICAL FIELD OF THE INVENTION
The present invention relates to hoppers used to
. collect and distribute coins in gaming amusement and vending
machines. More particularly, the present invention relates to
20 a coin hopper which alerts an operator the need for preventive
fill and performs automatic inventory of coins in the coin
hopper.

BACKGROUND OF THE T NTION

25 Prior art systems found in many casinos subject to
continuous (24 hour a day, seven day a week) operation have
the disadvantage that they ﬁust be taken out of service to
refill hoppers when the hoppers run low on coins. Machines
might also be taken out of service to perform any necessary

30 periodic accounting. In some jurisdictions, the coin
inventory in each machine must be taken at regular intervals.
Because the revenue generated by a machine is related to the
amount of time it is being played, taking a machine out of
service when it is being played, especially when the current

35 player is on a "hot streak", results in loss of revenue.

Another problem with previous slot machines is that

because casinos deal with large amounts bf cash, they are
subjeqt to theft by dishonest persons and are particularly
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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.

15 Coin hoppers are more difficult to seal than bill acceptors
because coin hoppers 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

20 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.

The hopper must be occasionally opened to refill

25 with coins after a jackpot is hit and thus is not readily
amenable to being sealed. Even if the hopper were sealed, it
would not prevent a coin loader from removing some coins from
the load of coins being added to the hopper.

As should be apparent after reading the above,

30 merely counting coins as they go into the hopper and counting
coins as they leave the hopper would not prevent theft, as a
physical inventory would only indicate that coins are missing,
not who took them.

Prior art systems exist for weighing coins to count

35 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 issued to Bullivant

describe apparatus for weighing coins. While such welghing
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monitoring the hopper and automatically calculating the number
of coins in the hopper, the need for preventive fills can be
easily and timely detected.
' In one application of a coin hopper according to the
20 present invention, each machine having such a coin hopper is
coupled to an electronic data collection network, which
provides coin counts for a plurality of machines at a
centralized Iocation. Preferably, a human or computer program
monitors coin levels in the plurality of machines to allow for
25 simple and quick accounting of coin inventories, thereby
allowing a casino to easily and quickly comply with regulatory
requirements and the casino's business accounting
requirements.
Additionally, the central monitoring system allows
30 for "preemptive fills" where the monitor is alerted to
machines which have hoppers low on coins and are not being
played. Using preemptive £ills, hoppers can be filled without
interfering with customers' desires to play the machines.
Preemptive fills can be signalled at a central location using
35 the network or can be signalled at each individual machine, in
which case a visual inspection of the machine may be all that
is required to determine if the machine is in play.
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FIG. 3 is a schematic diagram of the electronics of
the coin hopper and accounting system shown in FIG. 2.

FIG. 4 is a flowchart of an accounting process for

15 accounting for coins in a coin hopper such that theft is
timely detected.

FIG. 5 is a flowchart of a process for automatically
taking periodic measurements to determine a coin count of
coins>in the hopper.

20 3 FIG. 6 is a flowchart of a process for calibrating a
hopper's tare weight and a per coin weight.

FIG. 7 is a flowchart of a process for obtaining an
accurate hopper weight during calibration in the presence of
noise and/or vibrations.

25 FIG. 8 is a flowchart of a process for obtaining an

accurate coin count in the presence of noise and/or
vibrations.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

30 The preferred embodiments described below allow for
the coins in the coin hopper to be counted electronically by
weight. This allows for automatic inventorying of the coins,
theft detection and allows for preemptive fills. If a gaming
machine's hopper runs empty, there will likely be a player at

35 _the machine having just won a payout. Consequently, the
player may be on a "hot streak" and want to keep playing that
particular machine. If the casino must take the machine out
of service to refill the hopper, this results in lost
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machine), a monitor is alerted to the event. If the alert is
a local alert, a technician noticing the alert at an inactive
machine will fill the hopper. 1If the alert is a central alert
and the inactivity of the machine is detected, a technician

15 will be dispatched to the machine to fill the hopper while the
machine is not being played and before the hopper runs out of
coins. '

FIG. 1 illustrates how a coin hopper 10 is often

mounted in a slot machine 1. To show the placement of the

. 20 hopper, a hopper door 2 of slot machine 1 has been bpened.
During operation, the hopper door 2 would usually be locked
shut to prevent theft of coins by players. As shown here,
hopper 10 is &ften placed below a coin insertion slot 3 and
above a coin payout tray 4. To initiate play of a game, a

25 player would insert one or more coins into coin insertion slot
3 and those coins would drop into 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,

30 etc.) to determine if the coin is real and of the properxr
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. 1If

- a game is a winning game, or the player cashes out his or her

35 credits with slot machine 1, hopper 10 ejects the correct
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 éayout tray and an
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reSU|tSi'H$§@Btory steps, does not detect who took the missing coins or
when, and doesn't account for coins which are misfed into or
15 out of hopper 10 and fall into other areas inside slot machine
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
20 base 14 of slot machine 1 using load cell 12 and cantilever
spacers 16. Hopper 10 and the coins therein are totally
supported by cantilever spacer 16(a), which is in turn totally
supported by.load cell 12, which is turn totally supported by
cantilever spacer 16 (b) mounted directly to base 14. Thus,
25 the weight of the hopper and the coins therein is applied to
load cell 12 causing a strain on load cell 12 which is a
function of the weight of the hopper 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
30 20.

Referring now to FIG. 3, a schematic of a logic
board 100 used in an 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.

35 The logic board comprises an analog-to-digital converter (ADC)
102 coupled to load cell 12 to convert a load signal from an
analog signal to a digital locad cell sample. As shown, the
digital load cell sample has a resolution of 14 bits (hence
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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.
15 4-8, however CPU 106 might also execute other programs not
described herein. In some embodiments, a CPU with built-in
I/0 control functions and/or memory might be used, however the
description of FIG. 3 still applies to such integrated
systems.
20 FIG. 3 shows a number of I/0 signals being provided
. to, or by, I/O.controller 104. For example, "Coin In" and
"Coin Out" signals are provided from coin handling devices.
These signalsrcan be pulses (one pulse per coin) or can be
other signals indicating a count, as are well known in the
25 art. I/O controller 104 might also provide motor, sound,
reel, lights and display control signals, if CPU 106 or I/0O
controller 104 are programmed to handle such functions of slot
machine 1. I/O controller 104 receives switch signals from a
variety of sources, of which a calibration switch 112, a start
30 switch 114, a reset switch 116 and a door switch 118 are
shown. FIG. 3 also shows an internal display 120 which is
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/O controller 104. Drop box
35 load cell 12(a) performs a function similar to load cell 12,
in that it provides an indication of the weight of a drop box
(not shown) and the coins therein. A drop box is a standard
part of some slot machines, and is used to*contaiﬂ the
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the correct er of coins have been,
separately or the drop box is not used.

I/O0 controller 104 also reads/writes data from a
data pin 124 (see FIG. 1) as explained below. In a preferred

15 embodiment, data pin 124 is part of a communication system
manufactured by Dallas Semiconductor. A data wand (not shown)
is a hand-held, battery-pbwered device with an internal
computer which communicates with I/O controller 104 through a
single signal line and chassis ground connection.

20 In operation, load cells 12, 12(a) are provided with
load cell power from a load cell power source 122 and generate
an analog voltage which is a function of their load, 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.

25 3 are monitored, as explained in connection with FIG. 4.

FIG. 4 is a flowchart of a process for timely
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

30 numbers within each figure follow in sequential order of
execution of the steps, except where noted.

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

35 other casino employees opening slot machine door 2 to perform
actual or purported maintenance and taking coins from hopper
10 while hopper door 2 is open. Presumably, a game cannot be
played and a payout cannot be made while door 2 is open and
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then the opening count might just be the most recent periodic
reading before hopper door 2 was opened and after the last
game was played.

At step S4, the door is monitored until it is

20 closed, and another coin count is taken (S5). In a preferred
embodiment, this second coin count is a reading taken after
slot machine 1 has stabilized following the closing of the
door. This cbin count, C, is stored (S6) as the closing count
(CC). Next (S7), an expected change count (EC) is determined.

25 This expected change count is positive in the case where a
technician is sent to a slot machine to add coins to a
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

30 maintenance. Of course, other variations of this scheme are
also possible. For example, the expected change count might
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.

35 - If the expected change count is known at the time
the door is closed, a deficiency can be easily calculated
(s8), by subtracting the closing count (CC) from the opening
count (OC) and adding the expected change count (EC). If the
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traced to a specific employee. In 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

15 merely record the time of entry and the deficiency for later
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

20 alarm which is recorded by CPU 106 and is communicated to a
central security station (not shown). Regardless of whether
an alarm is set or not, the flow of the process returns to
step S1, where it remains until the hopper door is again
opened.

25 In a preferred embodiment, the slot machine activity
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

30  elsewhere. The use of the present invention to handle other
modes of theft or coin accounting should be apparent after
reading this present description. '

For example, the central security station can
monitor the number of coins in each hopper of each slot

35 machine coupled to the central security station to provide
instantaneous accounting of the number of coins in a
particular hopper or the number of coins present in all
hoppers on an entire casino floor. This saves the casino from
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time, a technician can be dispatched to add more coins to the

hopper during this down time, without interfering with any
player's desire to play a particular machine. This can be

15 important in casinos which are in continuous operation and
whose casino floor revenues are a function of the total amount
of time each machine is played. Preemptive fills can also be
important to the players. If a player feels that a particular
machine is "hot" and the player consequently decides to

20 continue playing the machine, the casino does not want to
interfere with the player's play. However, when a machine is
actually running "hot" and paying out successive wins, that is
the point at ¥hich it is most likely to run low on coins. Of
course, should a player win more than the number of coins

25" available, a casino would pay the player from some other
source of coins or bills, such as a cashier's cage. In
general, casinos prefer to avoid such situations because they
involve greater labor costs and interrupt the player's flow of
game play.

30 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. 1In a preferred embodiment,
the processes of FIG. 4 and thé processes of FIG. 5 run
asynchronously, with the process shown in FIG. 5 being a

35 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,
while the process shown in FIG. 4 (more sbecifically'steps S2
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such as through the data pin I/O0 or by simultaneously pressing
calibration button 112 and start button 114 (see FIG. 3). If
diagnostics are requested, CPU 106 executes those diagnostics
(23) and proceeds to step S24. Otherwise, if diagnostics are

20 not requested, CPU 106 proceeds directly to step S24.

At step S24, CPU 106 checks to see if the operator
has requested a calibration. 1In the embodiment shown in FIG.
3, the operator requests calibration by pressing calibration
button 112. If calibration is requested, the calibration

25 process is executed (S25) to determine a tare weight (TW) and
a per coin weight (CW). Following the calibration step, which
is described in further detail in FIG. 6, or if calibration is
not requested, CPU 106 proceeds to step S26, where it
determines whether or not the hopper was calibrated. 1If the

30 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
creating a loop that is only exited when the hopper is finally
calibrated. '

35 When the loop is exited, CPU 106 proceeds to step
827, where a reading of the hopper weight is taken and a coin
count is calculated. This process is shown in further detail
in FIG. 8. Once a reliable coin count is obtained (S28), that
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count value which can be polled at any time by asynchronous

processes.

15 FIG. 6 shows the calibration process of step S25 in
further detail. At the outset of the calibration process, CPU
106 waits (S41) for a calibration signal, either from a remote
device or from the operator pressing calibration switch 112.
If the calibration signal is not received within a

20 predetermined time, the calibration process is aborted and an
indication that calibration did not complete is given so that
readings (see FIG. S5) will not be taken until the calibration
process actually successfully completes. If the calibration
signal is received, CPU 106 proceeds to obtain the hopper

25 weight (S42), which is described in further detail in FIG. 7.
Prior to receipt of the calibration signal, the hopper should
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

30 predetermined time to allow for dampening of slot machine
vibrations due to calibration switch 112 being pressed. 1If
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

35- weight is obtained, that hopper weight is stored as the new
tare weight (TW) value for the hopper (S44).

Once the hopper tare weight is obtained, CPU 106

waits for a COIN WEIGHT signal (S45), and when the COIN WEIGHT
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Once the hopper weight is obtained (S47) for the
hopper and the N coins, a coin weight is calculated (S48) by
subtracting the hopper tare weight (TW) from the just measured
15 hopper weight (HW) and dividing the difference by N. This new
per coin weight (CW) is then stored (S49) in variable memory
110 and the calibration process returns 1nd1cat1ng a
successful hopper calibration.
FIG. 7 shows the process of getting a hopper weight,
20 the result being either returning successfully with a hopper
weight (HW) or retﬁrning_an error indicating that the hopper
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 (S60)
25 and a sampled digital value, L, is taken from load cell 12
(S€1). As should be apparent from this description, the
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
30 sampled value L is stored as a reference reading R (S62), and
a main loop is entered.
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
35 than a variance limit, V, then the sampled value L is added to
an accumulator (HW) and a loop counter (I) is incremented
(s65). CPU 106 then pauses for a predetermined delay period
of Tl ms (S66) and then loops back to step S63 to take another
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is greater than L by more than V, R is reduced by VSTEP and if

15 R is less than L by more than V, R is increased by VSTEP. 1In
a preferred embodiment, VSTEP=10.

Following the adjustment of R, the loop counter (I)
and the accumulator (HW) are zeroed (S70) and an unstable
reading counter, U, is incremented. If the unstable reading

20 counter U is not greater than a maximum UMAX, then CPU 106
reenters the main loop just before step S66. Otherwise, if U
is greatexr than UMAX, U is reset to zero and an error count
(ERRCNT) is ificremented (S72). .If the error count is greater
than a maximum error value (ERRCNT > MAXERR), the hopper

25 weight process ends and an error indication is returned.
Otherwise, CPU 106 reenters the main loop just before step
S66. In a preferred embodiment, 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

30 "UNST", to indicate that instability is beingldetected,
thereby giving the operator the opportunity to eliminate the
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.

35 FIG. 8 shows the process of taking a reading, which
results in either a coin count C being returned or an error
indication being returned. At the outset of this process an
accumulator (HW) and a loop counter (not shown) are
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15 Of course, other suitable formulae can be used. The
hopper weight reading process of FIG. 8 is less interactive
and less error-correcting than the hopper-weight reading
process of FIG. 3, since the former generally occurs when the
slot machine is not open and an unreliable reading can be

20 discarded without ill effects, whereas the latter process
provides tare weight and per coin weights which cannot be as
easily discarded.

In Bummary, a gaming machine with a hopper and a
weighing mechanism have been described. The weighing

25 mechanism weighs the coins in the coin hopper and performs a
set of calculations to arrive at a value for the number of
coins in the hopper. As this weighing mechanism is an
electronic system, the coin count can be communicated to a
computer, such as a microprocessor, in the slot machine as

30 well as being communicated to a central casino monitoring and
security system to effect preventive £ills and automatic
inventorying. The handling of preventive fills can take many
forms. If a casino already has a centralized dispatch
procedure for dispatching technicians, then central

35 notification of preventive fill alerts (from machines
detecting low coin counts/weights) might be preferred. Where
the slot machines are not already wired to a network and
wiring is problematic, the preventive £fill alerts can be sent



general , cagj fer to avoid such situations because they Lnvol v
greater | aby(gg%g%égand interrupt the player's flow of gamgcﬂ'((é??/]%(;
Wiile FIG 4 shows a process of deficiency? detection, FIG 5 shows a
nore general process of taking a reading to calculate coin count C. In
preferred bygbodiredess linkhdpracasmsabiméhixoz. andhere dicpessss D G

5 run aé&ﬂ%%g.’i%%ﬁ,y’% ‘g"kiltdr}:é gﬁ} ot ﬁ%f?g h@%ﬁg%ﬂeﬂ"ﬁg@tb%ié%xﬂ' kS

a

process of "periodicall i ] e the rrent ¢or i@ _
count and SmeAin&ER mdghioibe g‘@mtamn@@hlne needingepepreventiinee £ill.

stabl e andpiglrealia v, catinddiiciesn {akeRobt rudlike ehBagl AARSTSHoYN in
FIG 4 (nore speC|f|caIg¥E$te

S2
12 hANSLCRE B, & CHASTONEF 1« RNt bF caokbFRabAaNtoy A Secheriaian.

| atest rel rhAkewad,n aC@edhnician can mak&ehesr bROhBSWrbANASG Toolkiy for
process shown ther.ein

.,qbegins with an initializatiqn of, the variables
used (S21) PTRVSESYSs fd‘&l%tl,q“f%%a\%o%? at oyReR BPSrrfnse%O\‘lefih agfhghe or 5
simlar machiipe, ijgr dn@dtigre hecloperetlmi¢baheidlsheheamaatdirieoon the
process. T%ﬁogronpt is displayed, in some enbodi nents, on a conput er
term nal , I'T"é in other enmbodinments it is displayed on an LED di spl ay
120 cod@l ed to |/ 0O comatdiarruserf ssuclr| ippers) inPgefrdéngbmachime spes ator

first detepaiges thahdihs HOMRSIuG wikdFefhoL FBERLIR GRS rahdlles 3 the
hopper is enpty. . )
unauthorized number of coins while servicing a slot machine.

This type of fraud can be detected by weighing the hopper and
thus determining the number of coins in the hopper just before
15 a slot machine door is opened for servicing, and repeating the
process once the door is closed following the servicing.
‘Taking into account expected additions of coins into the
gaming machine and authorized withdrawals of coins from the
gaming machine, a discrepancy, or theft amount, can be
20 detected if present. The discrepancy can be noted by a
microprocessor within the gaming machine and used to trigger
an alarm. The discrepancy can also be reported to the central
monitoring and security station which may include a central
alarm and/or other triggers to initiate an- action to stem the
25 theft of coins. Where the key or other device used to gain
entry to a slot machine is specific to a particular
techniciaﬁ, the slot machine might also record which key was
used for later identification of the individual responsible
for the discrepancy. In some embodiments, an electronic key
30 is used for opening the door of the gaming machine and
electronic keys are coded for individual technician use.

As explained above, the coin hopper can be used in
conjunction with a drop box, where a drop box is a reservoir
for coin overflow from the hopper. In order to have a

35 complete accounting of all the coins in the machine, a
weighing mechanism might be employed on the drop box as well
as the coin hopper. 1In some environments, it may be necessary
to measure acceleration and/or vibration of the coin hopper



At step SZZ)V/VQC%Z{"’ (see FIG 3) determ nes whet her di agnosti cs were

requested b erator. One enbodi nent, t he operator siW?qlﬁﬁ?
di agnostics are requested by sending 15 ajgredeterm ned signal froma
terminal to I/O controller 104 such as through the data pin 1/0O or by

si mul t aneonelgtpvessindhe geatiiry atdanirneits®cHd@ medsatranbnbubiForhkld (see

FIG 3). | . [ ' . d, CP 06
diagnoltic&elghgggg?qg%%%%F%£ggggﬁﬁga%ﬁ%6”%2%ég%fﬁ§$3ﬁ§é$iingfggnostics
are 20 not argglesrnsdonCROA/IE: pridusddons rant |3t t acseppablé. levels.

At step S24, CPU 106 I?P%Clé'i)édlﬁh%e élﬁbédﬁ%?@,r aé%ins iR2gnLegues! ﬁgggsetrs

calibration. In the enbodi ment shown I n ) the operatof reéeq
cal i br afi oA¥ByWBALEEEh Gt fiheshiardn of adewrrcuion periadi spafpom as

r e_C]UﬁtSt (e? bhbéé@ﬁéi edighay) Frau q\q-ﬁ_t&ﬁ.l E’\F}g@%ﬁﬁg &&?%Cégnﬁe%gr{ﬁ ne at tare
wei g n a per, cqi.n Wei | . Fol | owi ng calibration step
whi ch i a@&é‘&?itﬁgd i 7 &h%‘“&%&% ¢ iTPH OB L or 3| geEﬁFFSFiaFPBWeirs of
not reqUﬁsﬁ.néerEBki tiaﬁan eoee drided sfmp aBZf?)%td@Eéh é hﬁmberdefeélﬁi:h'@i-i\é%@ her
or not the_k I | hrated.. _ 1f 1t opper_was_not cal i hrat ed,

ei t her bec‘é’ggga%glwl ?:é’tci?lcén%'ms/gsS%ﬂ)ottraCtercgéiPes?’éﬁfg? BRCADSEXPRETES ST i on
step wWa9 nooubbccedsf (he enfliofi dhenrddtiexdti bon epelrbgd, CRE ¢6Gnsetinr mhe 0
step S24, efds I i X} \ t g hopper is
finally h?é??ﬁr_?%d%ﬁ <a @ip # "ind ttﬁgégﬁy%%pé%gge%??fe}& LT
proceeds t@etegpinedsy7 A HEarepangtiaRpwit the hbepedelrrghnedsbyaken and

a coin 8QBBIrakct i6)) CHAIRhalTHELPIQARNS FokNEOME éRplutbhetodal ddunt .
in FIG 8.ngce a reliable coin count Hﬁlobtalned é828 . that

h
s discrepancy amount can rted as a coin theft

15 amount. If the detection period is coincident with a period

en be rep

in which a technician has access to the gaming machine and the
gaming machine has not been played, the coin theft amount can
be associated with fraud on the part of the technician. Where
_the'detection period is a period in which the gaming machine

20 is apparently secure and is being played by a player, the
discrepancy can be attributed to fraud on the part of the
player.

The above description is illustrative and not

restrictive. Many variations of the invention will become

25 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

30 gaming 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
connection, wireless links, optical or RF communications
links, or the like. The scope of the invention should,

35 therefore, be determined not with reference to the above
description, but instead should be determined with reference
to the appended claims along with their full scope of

-~

equivalents.



13 coin count is displayed, transmtted to a renote storage and/ or
di spl ay deviW@9¥t¥Bhe coin count is sinply stored in vari ag’F@’Vﬁ?%?Vzllo
(see FIG 3), for later provision of a 180i n count value to other
processes which use the coin count. 5 Once the coin count is obtained and

processed gHACEIS | MED al®ve, CPU 106 returns to step S24. Thus, while
t he hopper remai ns calibrated, CPU 106 executes a periodic | oop of
t aki ng a reading, calculating_a coin count, and providing the coin

count ta various di sptay drngehedyofcoPeratiionde@NING BRI DR ef er r ed

enbodi nment ,coq\ﬂﬁsqq{ rehd abt &pyabge for the coin count is retained and
s not overwrrtten b%/ any subsequ nreliabl e coi,n counts theregéeab
y

en
provi di iy a reIiam(BQﬁﬁ?FtlngogthgﬁruE PRMIDG, BACTING oS o N ali§ et
asynchr ooy aye®y ocesses. 15 FIG 6 shows the calibration
process of "step S25 in ., . further _detail. A out s t | bration
process,> CPU 106 v%ﬂ‘%h%%glfof’gg é’lncgl Fﬁr;'z&ft }hg%%l gna ,&Ié?taerpgﬁgom a
renote ¢ GeRMltenortdraecehminpeaahopppreweiightcal i brati on switch 112.
If the calibration si h St B eqgl it RidY 185 20, Egdet 85 A ASApELTE,
t he cal ?ﬁr ation proceggf%giggggéeé %ﬁkﬁ%‘%% o Hﬁ}i cation that call brB tion
did not &ohEsed o8 Yheehopperhweighty czesNds i elFI & CBINWFPRBRGL be
taken U.”%" the calibgghp9Ping RhACESInAowdt & Yoresst sthyneanphetaholld
the calibration signal _is Ffeceived, CPU 106 proceeds to obtain the
hopper P& \@®Qimtc@Wabj aRfich is described in further detail in FIG 7.

Prior tpyreceipt of thgee@hinfr ahi epetatidl off HthdopipmingheatHine Waes een

enpti ed12b y éc?fno Sx’i&tt:ofassgeio%t t:%et %E:Eé‘dvc\a@e%mir?efdtthﬁreshold coin count and

13 the machine is not in use by a player.

1 2. The method of claim 1, further comprising a step
2 of adding additional coins to the coin hopper when the gaming
3 machine is not in use by a player and the coin count is below
"4 the predetermined threshold coin count.

1 3. A method of coin counting in a gaming

2 establishment having a plurality of gaming machines,

3 comprising the steps of: _

4 weighing hoppers in each of the plurality of gaming

5 machines to determine a plurality of hopper weights;

6 calculating a coin count for each of the hoppers

7 using its hopper weight; and

8 transmitting either the coin hopper weight or the

9 coin count from each of the plurality of gaming machines to a
10 central operator system to allow for automated inventorying of
11 coins in each of the plurality of gaming machines and of a

12 total number of coins contained in the plurality of gaming

13 machines.

1 4. A method of detecting a low coin status in a

2 coin hopper in a gaming machine, comprising the steps of:

-

(AR A
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hopper can be obtained. Also, if the calibration signal is sent I.ng
FeEinesiga

cal i brati onWe/913435112, CPU 106 del ays for a 30 predetermn ne I | ow
for danpeni ng of slot machine vibrati @e due to calibration switch 112
bei ng pressed. If t he hopper wei ghing process returns an error

i ndi catgng that a weigtlingp thehaqpisy hoppgt tandetepeindtai heppetPU 106
aborts the ﬁahibration process (S42). However, if a reliable hopper 35-
wei ght s YBH féd, t hat hopper weight is stored as the new .tare wei ght
(TW valsue for the hepieulEsdslg a coin count fapceheROPBRHerSEALe i ght
IC?J &bb@:@bpggg %;%@ght; waids for a CON VEIGHT si ggzl (S4§i) , nglnd_ \é\,hen t he
recei ved, CPU 106 ag&ignaddng an (IReTRfpervhegn ghhe conA??Vngngrbeéﬁg a
CO N VE IWd1d Soistcodrtte, process expects that the hopper now
containgpnzg%ins.lln a preferred enbodi nent, N=20, however it should be
apparent that other 5 values of N could be used. If a tinme out occurs while
wai ting for the CON WEIGHT signal or the hopper wei ghing process

returns an error, the calibration process is aborted (S46) and only the
tare weight is updated. Wiere a hopper is nodified or noved to a
different slot machine, the calibration 10 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

t he

* c L M s *



hopper and the N coins, a coin weight is calculated (S48) by rysdhggacting
t he hoppeg}#ﬁ?/ﬁu\ggi ght (TW fromthe just neasured 15 hopper wei ght
and divi ding e

difference by N. This new per coin weight (CW is then
stored (S49) in variable nenory

110 and the calibration process returns
I ndi cating a successful hopper calibr pt8 on. FIG 7 shows
the process of getting a hopper weight, 20 the result being either

returning successfully with a hopper wei ght (HW or
i ndicating that the hopper was too unstable for a measurenent to have

been taken. At the beginning of the process, the variables
used for tenporary storage and | oop control are initialized (S60) 25
and a sanpled digital value, L, is taken fromload cell 12 (S61). As
shoul d be apparent fromthis description, the processes of FIGS. 4-8

are equally applicable to coin accounting using a drop box, with the

ret urni ng an error

mai n di fference being that |oad cell 12(a) is saipled instead of |oad
cell 12. The 30 sanpled value L is stored as refd?ence reading R (S62),
and a main loop is entered. Jlin the ngiln | oopffthe | oad
cell is again sanple (Bo3) 10 optarin a ngw val ue |f . t he

absol ute val ue of t he ff er encé| bet ween and th%,refere q& readi R
is less 35 than ArT ance b-t—Mdthen thellsanpledavdl ue L |il§ adde %
an accunul ator ( ifgzgaéﬁop counier (1) iglfincreme 65) . U
106 then pauses f 1 inedltelay perlilod 66) a

then | oops back tp} §tep S63 to take anot her

i | 3

? ad
I ¢
: | \ 10
I\
1 e ! e / 126
'\\ | =
Q '1::'
- < “ 8 (‘24
. 12
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15 reading. This continues until a predeterm ned nunber, CSAMP, of
readi ngs ha¥WmhWddd43Saken. Once CSAMP sanpl es have been t ak ACTA)IPB/18872
accurul ated, the value in the accunulator (HW is di vi ded by C_SAMP
(S68), to yield a hopper weight. In a 5 preferred enbodi ment, the digital

values L and R are integers rangi ng fr@pgzero to 16,383, the variance
threshold V is 120, Tl is 100 ns and CSAMP=40. I f the

absol ute value of the difference between L and Ris greater than or

equal to V, indicating too nuch 10 variance between a sanpl ed weight and a
ref erence wei ght, the reference weight is adjusted by an increnent VSTEP
(S69) . More specifically, Ris adjusted so that the absol ute val ue of
the difference between L and R is reduced by VSTEP, i if R i's
greater than L by nore than V, R is reduced by VSTEP .lﬁlf 15 Ris less
than L by nore thgn Y= T Ease =t ed

enbodi nent, VSTEPS 10§ FoIIomAng the adjust ment of R the | oop
counter (I) ang the accunul gt or (KW are zeroed (§$70) and an finstabl e

incremented. If the unstable feading 20 gpunter U is
| mrum UMA then CPU 106 reenters the nAiin | oop
N herwise) if U IS greater tjpan UMAX, Uli s reset
to zero and an er KOk (BRRCNT) is increnmentedy|(S72). |
count is greater ql i fum error val ue (ER
hopper 25 wei ght O eQds anfl an error indication
O herwi se, CPU 1( H ai n | oop just before
preferred enbodiy a’ d MAXERR=4. Al so,
enbodi nent, as i pstay ted, the

readi ng counter, J’S?i
not greater than h V)
just before step p66.

B o0

16(a) ~

L1 % g 1-16(b)
14

Fl6. 2.



operator is provided with an indication,
i ndi cate t hwiodwisazsbi ity is being detected
operator the opportunity to elimnate the

reading i s being taken.

obt ai ned,
35

this can

such as a display 30 "UNST",

to

thereby gi vi RET(YROS/18872
source of instability while a

Assum ng a valid hopper weight reading is

being returned. At the outset of thi

| oop counter (not shown) are
In the main | oop (shewn

initialized.

i8rocess an

returned or

Ha

ste

is sanpled to obtain a value L,[CPU
sanpl ed value L is added

unti |
and N SANP

(HW i OPRER, LBAD ﬁéﬂw

cde N SAMP sarp
S85) and the resulbgnt
S conpared to the hopper lare i ght (S86) !

| ess than t he tare melght

! DROP BOX LOAD

NSAMP sanpl es are r en

thg p

del &
ator
pr efle

CELL

1 S82,

583).

alo

IZ} 5, " a

t he
D _t epe

e

e accunul at or

P Ts 2

be used in the calibj#8ion process shown in FIG 6.
FIG 8 shows the process of taking a readiﬁa, whi ch
results in either a coin count C bein é or i ndi cation

accunuI?ﬂﬁr (HW and a
16

ad cell

ats
00 s

tht I(—I\l;\/'v\i)ﬁIoa
rw car 10 <T§E=I_D—' ener :
| ge-at-edrlfRcor i ng ?o t he PROGRAN
44 ' MEMORY
- A/D - o
' VARIABLE
MENORY
126
! 170 |—— MOTOR CONTROL
l CNTLRL ____ sound cONTROL
,102(0)
P L |—— REEL GONTROL
: an 3  _ LIGHT/DISPLAY
, r CONTROL
| d '
—_— i
l=——— DATA PIN 1/0
LOAD CELL
LOWER
DQOR N8 /120
™ INTERNAL
- DISPLAY

L

COIN IN PULSE
GOIN OUT PULSE
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C=ROUND( (HW - TW / CW. 15 O course, other suitable fornul ae
can be use®O9¥tdd35 hopper wei ght reading process of FIG 8 RCGF/YSe8d8872
interactive and less error-correcting than the hopper-wei ght reading
process of FIG 3, since the fornmer generally occurs when the sl ot
machi ne is not open and an unreliable readft can be 20 discarded w t hout

ill effects, whereas the |atter process rovi des tare wei ght and per
coi n wei ghts which cannot be as asiHy &is ar ded. In
sumary, a gam ng nmachine with a ho pers ARd a wei ghi ng mechani sm have

been described. The wei ghi ng 25 necham ¥ghs the coins in the coin
hopper and perforns a C flions to arrive at a value for the
nunber of coins i'n the hopper. As thigs meiﬂhing medhani smis an

el ectronic system the cpin count can icated tjo a conput er,
such as a mcroprocessor} in the sl | as being

communi cated to a central casino jurity systemto

effect preventive fills @and auto
preventive fills can tak¢ many
centralized dispatch procedure for tching tgghnicians, then
central 35 notification ¢f preventive fil m machi nes
detecting | ow coi n count $/ weijght s)qﬂa m&)b@@ﬁ& rred] Were t he sl ot
machi nes are not alreadyjwirgd to n r mﬂring is problematic,
the preventive fill alerts car—pe—sent i $3

~

STORE C AS
OPENING COUNT (OC)

The handl i ng of
a casino already has a

IS DOOR
CLOSED?

7S

GET COIN GOUNT (C)

' 56
STORE C AS
CLOSING COUNT (CC)

] ST
DETERMINE EXPECTED
GHANGE COUNT (EC)

S8

CALCULATE DEFIGIENGY:
D=0C-CC+EC

§9
S
Ye&s . v
SET ALARM

SI0

FIG. 4.



17 by mnréless link to a central nonitor. Were dispatch is not
centralized" 9??%5 on the slot machine "light tower" or a PGIVEHESS/1SER

mght be |it at a machine needing a preventive fill. Preferably, the

i ndi cator is unobtrusive enough not to be 5 noticed by a custoner, but is
noticeable to a technician. That way, a tftghnician can nmake his or her
rounds, | ooking for preventive fill indicators. Wen one is found, and
t he machine i s inactive, ncian fills the nmachine on the

spot. 10 Anot her u%e dﬂhﬂnchihoppers in ganming machines is to
detect technician fraud wher ey i cian renoves an unaut hori zed
nunber of coins while servicing agsl ot nac@kﬁél This type of fraud can
be detected by wei ghing hop er and hus determ ning the nunber of
coins in the hopper justLUfTMld BSVARIABIES nchi ne door is opened for
servicing, and repeating process _ongde the door is closed foll ow ng
t he servi cing. Taking into accgunt expected additions of coins into the
gam ng machi ne and aut hori zed w4 "h? of coins fromthe ,82§ani ng
machi ne, a di screpancy, or \ can be present.
The di screpancy can be ng ed i€8cessor MRHN|n t he] gam ng

machi ne and used to trigge
reported to the central
include a centra

O SEENDT N by

er trlggers to Inijtrate an action to

stemthe 25 theft ¢ . oy_or _other devijce used to gain
entry to a slot naghine is speC|f C to a parti cul ar technicianszghe sl ot
machine might al so i CALIBRATE HOPPER
CALIBRATION TARE WEIGHT (TW) AND
REQUESTED? PER COIN WEIGHT (CW)
(SEE FIG. 6)
|
HOPPER
CALIBRATED?
YES  ,S°T
TAKE READING, CALCULAT
COIN COUNT {C) (SEE ;
FIG. 8)
L s
DISPLAY/TRANSMIT/
STORE COIN
GOUNT ¢

FIG 5,



used for later identification of the individual responsible for
di scr epancwo 9913d%e enbodi nents, an.electronic key 30 is usé’&:TW%ﬁgﬁl ng

t he door of the gam ng nachi ne and el ectroni c keys are coded for
i ndi vi dual technician use. As expl ai ned above, the coin hopper
can be used in conjunction with a drop lgyg V\/nere a drop box is a

reservoir for coin overflow fromthe hopper. szzrder to have a 35

conpl ete accounting of all th wei ghi ng

mechani sm m ght be enpl oyed (i/»f I as the coin hopper.
In sonme environnents, it may g‘ﬂ@c@ggg’ Rw%me sure accel eration and/ or

vi bration of the coin hopper 18

rel ative to the gani ng machi ne—se rert—0bdlt he wei ght of the
coi n hopper can be deferred Lntl| | er at ijopg O @ Vi bratlons are
at acceptabl e | evels. W(‘ﬁf ﬁ}%@ ic e o ot

coi n hopper 5 are weighed at the startS det ect|n peri od to forma
basel i ne wei ght, frogt %} cr -0 : calculated. To this
basel i ne coi n cddnthl &lte ted n : |n§nr§g§ coi ns are addeg ang
det ect ed number of THEuHAB gl vmtndravvn col NS ubtract ed t '
an expected cGHOULOD BE)EMPTY t~the bkl JHORPER det ¢c £8ROR

t he hopper are wei ghed ahd a| fi nal WBlSHFer coi
di screpancy anount is then detetumuned b

count is d. JA

| 544
STORE HOPPER WEIGHT HW
AS NEW TW VALUE
545
WAIT FOR "COIN WEIGHT* | _TIME OUT
SIGNAL

o g oo
coNTAIN N cos| N SparreR | RETURNED ERROR ™ pgopy

! ~ 548
CALCULATE COIN WEIGHT:
CW= (HW-TW)/ N
' 549
STORE NEW CW VALUE

(  RETURN )

FIG 6.




subtracting the final coin count fromthe expected coin count. Thi s

di screpancywenpuamsscan then be reported as a coin theft 15 anBGEUS98/188The

detection period is coincident with a period in which a technician has

access to the gam ng nmachi ne and the gam ng nmachine has not been pl ayed,

the coin theft amount can be associ ated WI /g fraud on the part of the

techni ci an. Were gerl d I n which the gam ng
ein §I4

Rl 20 2 arpar LY gREcHopRary g TR oA by plaver the

Thd above description 1s 1llTustgative and not restrictive. Many
vari ati ons of thelngg nt to those of skill in
the art upon revi ew of eldb 44, rely by way of exanple, it

shoul d be apparent after mﬁgot he abo description that noncoin
di sks or tokens, or even bills or scri P co be accounted for as coins
are, and that the presSEMt—TTIVENtTOT courd— d with other 30 gam ng

machi nes or vending r’mﬁﬁﬂﬂl&swm CEELIB.UVN.W(@ be apparent that the data

pi n system descri bet~abrove—camire —+epteeed with a hard-wired slot

machi ne communi cat i | ~S6¢rel ess links, optical or RF
communi cati ons | {nks, or JAME I &8 The scppe of the invention should, 35
t herefore, be deter i necREFERENCE REABING Rnce ko t he above descri ption,
but instead should be determned wtih reference to the appended cl ai ns
along with their fu--4—s-ee-pe—94‘-—_—-ee&u-i-¥aJ-en-t-.BzSG3
SAMPLE LOAD CELL
VALUE (L)

NO (TOO MUCH VARIANCE)

-V<(L-R)<V? }

L 685 . ADJUST R BY VSTEP [ >0
HW=HW+L, |
Adhd 120, HN= 0, UsUet [0
1-—‘
DELAY Y [566 1S UNIT
MILLISECONDS
?
YES 12
NO .
ERRCNT = ERRCNT +1
YES 568
AVERAGE SAMPLE:
HW= HW / C_SAMP N0~ ERRCNT>

C RETURN va C RETURN ERROR)

FI6. 7




VWHAT IS CLAI MED | S: 1 1. A method of operating a gamn

machi ne, 2W@AYH¥3fng the steps of: 3 det ecti ng wh&®CF&ySopHigs2
gami ng machine is in use by a 4 player; wei ghing coins in a
coi n hopper of the gam ng 6 machine to detﬁ ne a hopper weight; 7

cal cul ati ng a nunber of 00|ns I n the coin égker 8 based on the hopper

wei ght, resulting in a cgin_count; conparing the coin count to
predeternined threshol d (10 J&Kk REMHNS a dSZT alerting an
operat or of the gam ng 2 coin count is belowthe
predeterm ned threshold coin coupt and 13,888 machine is not in use by a

I : 1 2. d of dlaiml1, furth i si t
2 g¥e;dding addi ti onal coiiﬁﬁMEE§ E&in hgbggr mhgg tﬁ; Sggraésgnﬁagh?n:p
is not in use by a playea-and he—cain.cgunt is below 4 the predeterm ned
t hreshol d coi n count t o= 3. A }hod of coin counting in a
gam ng 2 establishmgnt haw-R L'“L&LLLy’gﬁ gam ng machi nes, 3 conpri sing
the steps of: 4 SﬁMRUE EGADQHRErS in each of the plurality of
gam ng VALUE (L)

S 582
DELAY T2
MILLISECONDS
' 583
HW= HW+L
N_SAMP
SAMPLES
TAKEN?
JYes  -s85
AVERAGE SAMPLES:
HW = HW/ N_SAMP
W< TW? D>1ED
o s
CALCULATE COIN COUNT:
C=ROUNDI(HW-TW)/ CW) ERROR

RETURN ' : ( RETURN )

FIG. 8.



5mach1nesto determine a plurality of per weights;

cal cul ating a coin count fo&@(m &icpp-pe@ 7JWQ% its
and 8 PCWTFansmitti m@nmm ! ht or
count fromeach of the pluralit K 'a"?ﬂmﬁ'gB“F?ﬁ'chl nes to a 10 central

oper at BNTERNABONAJ- APPIJGATION Bl b UNRGR TEdT BARENDCOORERSTION TREABE PCH
ot eiARSaspEhi nes and o coi ns
Con al)%‘g“:%ﬁﬁ;e“ gl HIRGUEPED, 1O b aB Iﬂtﬁrngﬁ%m&’uﬂ?iw&uﬁtr SWQ 99713435 /
mat hod D cting a low coin stat US | @3)antérnitidhd) PLENRHHOS Ddtdd a gaMaﬂalgl999 (18.03.99)
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(57) Abstract
The present invention provides a weighing appa- £ 0 —_—

ratus for weighing coins accumulated in a coin hopper -

(10) using a load cell (12) and automatically taking a

periodic reading of the number of coins accumulated in =
the hopper (10). By periodically monitoring the number

of coins in the hopper (10), preventive fills and auto-

matic inventorying can be effected. Knowing the coin

count and being able to transmit coin counts to a central

location allows for central accounting., Monitoring the _

coin count locally or centrally allows for "preemptive - -

fills" where a hopper (10) running low on coins is filled

during periods of inactivity prior to the hopper being

completely empty. The number of coins in the hopper

(10) at any given time is determined from the combined l
weight of the hopper (10) and the coins accumulated in

the hopper (10).
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