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Another problem with various prior art validators is thatthey may accept
high denomination bills as val- BACKGROUND OF THE INVENTION
Id lower denomination bills. Many prior art currency validators require
that 1. Field of the invention                       5   the tested bill be
inserted into the validator in a spe- cific orientation (e.g., Federal
Reserve seal first). The present Invention relates to a method and ap-
Such devices result In authentic bills being rejected paratus for
validating paper currency.               merely because of improper
orientation. It is therefore desirable to provide a currency validator
which is op- 2. Description of the Prior Art                 10
erationally insensitive to bill orientation. Many of the prior art currency
validators require A number of devices have been proposed which     careful
regulation of the speed at which the bill is identify and distinguish
between various denomina-   scanned for information. In such validators,
even a tions of U.S. paper currency or "bills", but none of
slightvariation In scanning speed, such as that result- these devices has
been completely satisfactory.  15  Ing from an Instantaneous drop In power
line voltage, Genuine U.S  paper currency contains a variety   can cause
authentic bills to be rejected and produce of printed Indicia which may be
used to Identify the  inaccuracies in the identification of bill
denomination. currency as authentic, and also to distinguish be-   It is
therefore desirable to provide a currency validator tween authentic
currency of various denominations.   which is Insensitive to the speed at
which a bill is One Indication of authenticity is the fact that cer-  20
scanned. tain areas on a U.S. bill are printed with Ink with mag-  In order
to avoid some of the problems of speed netic properties. For example, the
portrait which ap-  regulation, some prior art validators, such as dis-
pears in the center of every U.S. bill Is, In a genuine  closed in U.S.
Patent No. 4,464,787 to Fish et al, em- bill, printed entirely with
magnetic ink. The fanciful  ploy detectors at fixed positions to positively
identify engraving which forms the printed borderof each U.S.   25  the
position of the bill and thereby ascertain the bill bill is likewise
coposed entirely of magnetic ink, as  area being tested. These validators,
however, gener- are the large capital letters or large numerals which  ally
require a testing channel at least as long as the appear to the right of
the portrait and which identify  bill being tested. the denomination of the
bill (i.e., "ONE", "TWO",       The documents cited against the present
patent "FIVE", etc.). In contrast the green Treasury Depart-  30
application Include EP-A1-0074512. This discloses ment seal which underlies
the denomination identify-  apparatus for checking faults in objects such
as do- ing letters or numerals to the right of the portrait, as  sure caps,
In which a light source illuminates the ob- well as the black Federal
Reserve Bank seal which   ject and an optical sensor scans the illuminated
ob- appears to the left of the portrait, are both printed in  ject in order
to supply a signal proportional to the bril- non-magnetic ink.
35  liance level of each scanned spot. The apparatus in- Each denomination
U.S. bill Is likewise charac-  cludes a plurality of counters, each storing
the num- terized by the distance between the grid lines which  ber of
scanned spots having a respective brilliance comprise the background of the
portrait field. In one  level, so that a quality indicating signal can be
provid- dollar bills, for example, the space between vertical  ed on the
bases of a histogram technique. grid lines is equal- to 0.008 inches. For
two and five   40 dollar bills, the grid line space Is equal to .010 inches
SUMMARY OF THE INVENTION and .011 inches, respectively. Prior art currency
validators have been proposed     A method and an apparatus in accordance
with which identify authentic U.S. bills and distinguish be-  the present
invention are set out in the accompanying tween bills of various
denominations by measuring   45  claims 1 and 32. the average spacing
between the vertical grid lines in  A currency validator in accordance with
a prefer- the portrait areas of the bills. One such device Is dis-  red
embodiment of the present Invention has a plur- closed in U.S. Patent No.
4,349,111 to Shah et al.   ality of sensors positioned to encounter a bill
and Identificatloniof bills based on average grid line  generate electrical
signals in response to certain fea- spacing is likely to lead to failures
to distinguish be-  50  tures of the bill. The electrical signals are
processed tween bills having relatively small differences in grid  by a
logic circuit, such as a microprocessor, to deter- spacing. For example,
certain commercial bill valida-  mine authenticity and denomination of the
bill being tors utilizing the average spacing technique cannot  tested. A
histogram technique is employed to identify be used with both two dollar
and five dollar bills, be-  and distinguish certain features. cause the
average grid line spacings are too similar.  55  In the presently preferred
embodiment for U.S. US-A-4283708 discloses extracting information    bills,
described in greater detail below, Information from the intervals between
spaced lines or grids print-  printed along a relatively narrow, horizontal
length- ed on banknotes for a single denomination validator.  wise path
along the center of U.S. paper currency is This is the replacement sheet
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utilized to accurately identify and distinguish be-  help determine bill
authenticity and denomination. tween genuine bills of varying
denominations.          The signals generated by the magnetic sensor A
transmissive sensor is provided to detect the  are utilized to determine
the width of the denomina- physical presence or absence of the bill, a
reflective  tion field, as well as the ratio of the larger non-mag- sensor
is provided to detectoptical information onthe   5   netic spaces within
the denomination field to the surface of the bill  and a magnetic sensor is
provided  overall field width, and to compare these values to 



to detect magnetic information on the surface of the  known values for a
genuine bill. bill. These three sensors are positioned so that they  The
present invention utilizes the signals gener- are encountered in sequence
as a bill moves through  ated by the various sensors to perform additional
the validator, with the reflective sensor and magnetic  10  tests,
described below, which further indicate wheth- sensor being positioned to
encounter the bill along a  erthe bill under test is a genuine bill of
properdenomi- path which runs lengthwise through the center of the  nation.
bill along its larger dimension.                       After authenticity
and denomination of the bill The electric silgnals generated by the three
sen-  have been determined, the preferred embodiment sors are relayed to a
microprocessor having a read-  15  performs a series of additional tests to
insure that the only memory (ROM) and a random access memory        bill is
properly accepted. (RAM). The signals are analyzed according to a pro- gram
stored in ROM to determine whether the detect-  BRIEF DESCRIPTION OF THE
DRAWINGS ed information indicates the presence of an authentic bill of
proper denomination.                   20      The detailed description of
the invention will be The signals generated by the reflective sensor  made
with reference to the accompanying drawings, and magnetic serisor are
analyzed to determine the  wherein like numerals designate corresponding
parts presence or absence of each magnetic region or non-  In the several
figures. magnetic space on the bill under test, as well as the  Figure 1 is
a cross-sectional view of the device width of each detected magnetic region
and non-  25  according to the present invention; magnetic space ind the
characteristics detected in     Figure 2 Is a plan view of the device taken
along them, and to compare these values to known values  the line A-A of
Figure 1. for a genuine bill.                                    Figure 3
shows a circuit diagram illustrating the Information indicative of both
authenticity and  powersupplyusedforone embodimentof the present
denomination Is provided by the horizontal width of  30  invention. each of
the printed areas mentioned above (which will  Figure 4 shows a circuit
diagram illustrating the hereafter be referred to as the "portraitfield",
"border  control board used forone embodiment of the present field", "black
seal field", and "denomination field"). In  invention. addition, the
horizontal width of the areas or "spaces"  Figure 5 shows a circuit diagram
Illustrating the between each of these fields Is also useful in deter-  35
preamplifier board used for one embodiment of the mining bill authenticity
and denomination.          present Invention. Within each field, the number
of lines, the hori-   Figure 6 shows a graph of the histogram Illustrat-
zontal space between adjacent lines, and the ratio of  ing a portion of the
analysis of data performed by the the cumulative nor-magnetic area  to the
overall field  present invention. size may all be used to further identify
and distin-  40  Figure 7 shows a flow chart representing the guish between
bills of varying denomination.        steps which are used in analyzing
data that Is relied The signals generated by the magnetic sensor    upon to
determine the authenticity and denomination are utilized to determine the
width of the border field  of U.S. bills. of the bill under test, as well
as the number of lines appearing therein , and to compare these values to
45   DESCRIPTION OF THE PREFERRED known values for a genuine bill.
EMBODIMENT The vertical grid characteristics of the portrait field,
previously noted, are also employed. In accor-  The following detailed
description is of the best dance with the preferred embodiment of the
present  presently contemplated mode of carrying out the In- invention, the
signals generated by the magnetic sen-  50  vention. This description is
not to be taken in a limit- sor are utilized to determine the size of the
spaces  ing sense; it is made merely for the purpose of illus- between
magnetic ink lines of the bill under test. As  trating the general
principles of the invention. noted above, the portrait area has a plurality
of reg-  FIGURES 1 and 2 show a currency validator 1 ularly spaced lines.
The spacings are detected and  having a housing 2 containing a bill
passageway 4 these measured spaces are then organized into  55   having an
entry 6 and an exit 8. groups according to size, forming what will be
refer-  Disposed on either side of bill passageway 4 are red to herein as a
"histogram." The difference in the  two continuous tractor belts 10 which
are supported number of spaces, among groups is then analyzed to  by
parallel rollers 12. The rollers 12 are operably con- This is the
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6 nected via a series of gears (not shown) to a motor 14.  the axle joining
rollers 12. The jam sensor 38 may be The motor controlled belts 10 act to
advance a bill  rotated about this axle through an angle of at least
through passageway 4 in a forward direction (from  [err] from a first
vertical positionillustrated bythesol- left to right in FIGURE 1). The
motor 14 is reversible  id lines in FIGURE 1 to a second horizontal
position so that it can drive belts 10 in an opposite direction,   5
illustrated by the broken lines in the same FIGURE. reversing the direction
of travel of the bill.     The prongs 40 of the jam sensor 38 are spring
biased Positioned directly above each belt 10 Is a set of  so that In their
normal position the prongs 40 are ori- wheels 16 which further assist the
inserted bill in ad-  ented vertically and protrude upward through the
vancing through the passageway 4.                  plane of the passageway
4, as Indicated by the solid Adjacent entry6 is a transmissive sensor 18
con-  io  lines in FIGURE 1. sisting of an optical transmitter 20 and an
optical re-  The leading edge of an object advancing through ceiver 22
disposed on opposite sides of the bill pas-  the passgeway 4 will encounter
the prongs 40 and sageway 4. Interruption of a light beam travelling  force
the prongs 40 into the horizontal position Indi- 



from transmitter 20 to receiver 22 will cause receiver  cated by the broken
lines in FIGURE 1. The prongs40 22 to generate an electric signal
indicating the pres-  15  will remain In this horizontal position, clear of
the exit ence of an object in the entry 6 of passageway 4.  8, untilithe
object Is removed from the passageway 4 Located directly above the
approximate center of  either through the exit 8 or through the entrance 6.
passageway 4 is a reflective sensor 24 comprising a  Removal of the object
from the passageway 4 in eith- second optical transmitter26 and a second
optical re-  er direction will allow the prongs 40 to return to their
ceiver 28, both of which are located In relatively. close  20  initial
vertical orientation. The return of the jam sen- proximity on the same side
of passageway 4. Reflec-  sor 38 to its original position is detected by an
optical tive sensor 24 is positioned to detect and respond to  sensor 44,
which generates an electric signal. the presence or absence of optical
information on an  If an object is removed from passageway 4 via object
(such as a bill) positioned In passageway 4. If  exit 8, the prongs 40 will
prevent that object from be- the surface of the object directly beneath the
reflec-  25  Ing retrieved intact through the passageway 4. Jam tive sensor
24 is relatively reflective (as are the un-  sensor 38is specifically
designed to defeat what is re- printed areas of U.S. bills) then the light
emitted by  ferred to as the "bill-on-a-string" cheat mode. transmitter 26
will be reflected by the surface of the  The prototype validator previously
mentioned object onto the receiver 28. If the surface is relatively  has
three principal electronic subassemblies, in the unreflective (as are the
printed areas of U.S. bills), or  30  form of printed circuit boards named
for their principal there is no object in the passageway 4, then the light
functions: the power supply board, the control board emitted by transmitter
26 will not be reflected onto re-  and the pre-amplifier board. The
circuits on these ceiver 28.                                         boards
are shown generally in Figures 3-5, respec- Adjacent reflective sensor 24
is a magnetic sen-  tively. The various otherfunctions are divided among
sor 30, which generates an electric signal in response  35  the control
boards based upon physical location and to the presence of magnetic
Information on the sur-  available space. In the prototype validator, the
power face of a bill fed immediately beneath the sensor.  supply board is
located below the bill passageway 4, Positioned immediately beneath the
magnetic sensor  the preamplifier board is located above the passage- 30 is
a roller wheel 32 rotatably connected to an axle  way 4 and the control
board is located alongside the 34. Axle 34 is in turn supported by spring
supports 36,  40  other parts of the validator. which act to bias the
roller wheel 32 toward the mag-  Figure 3 shows the power supply 46, the
motor netic sensor 30. The spring biased roller wheel 32  drive circuit 48,
including a Sprague-type 2952B, DC thereby acts to press  the inserted bill
firmly against  motor driver chip 49, the validator drive motor M, the the
magnetic sensor 30, thereby ensuring accurate  optical transmitter LED 20
of the transmissive sensor detection of magnetic information on the bill.
45  4 and the optical transmitter LED 41 and the optical A permanent magnet
29 is located above the pas-  receiver 47 of the optical jam sensor 44
which trans- sageway between the entry 6 and the magnetic sen-  mits a
signal indicative of a jam to the microprocessor sor 30. It enhancqs the
signal produced by the mag-  102. netic sensor30 by biasing the magnetic
Inkon the bill  Figure 4 shows the control board which includes being
tested.                                 50   a microprocessor 102 and most
of the directly asso- The reflective sensor 24, the magnetic sensor 30
dated circuits. In the preferred embodiment of the and the permanent magnet
29 are positioned along   present invention, microprocessor 102 consists
ofthe passageway 4 so that each of them will scan the mid-  8049
microprocessor manufactured by the Intel Cor- dle portion of any bill
passing through the passage-  poration of Santa Clara, California. The
microproces- way 4.                                        55  sor 102
contains a read-only memory (ROM) and, in Adjacent the exit 8 and
positioned beneath the  this embodiment a random access memory (RAM) center
of the passageway 4 is a multi-pronged jam  which may be used to store data
during operation, sensor 38. Jam sensor 38 is rotatably connected to  and
which is capable of being written into and read This is the replacement
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8 from during the validation procedure.              (TBC). The output from
the photoresponsive section 22     Every Individual signal generated by the
trans- of the transmissive sensor 18, shown in Figure 5, is  missive sensor
18, reflective sensor 24, magnetic connected to a comparator circuit 100
which has its  sensor 30 or optical sensor 44 may thereby be output
connected to pin six of the second I/ O port of   5   uniquely associated
with the time value contained in the microprocessor 102, shown in Figure 4.
the TBC at the time these signals are perceived by Asecond
comparatorcircuit 104, shown in Figure  the microprocessor 102. The
intervals between any 4, is connected to the output of the reflective
sensor  one signal generated by the above four sensors 18, 24, shown in
Figure 5. The comparator circuit 104 has  24, 30 and 44, and a second
signal from one of them its output connected to the input pin TO of the
micro-  10   may thereby also be determined by the difference in processor
102. The LED portion 26, associated with  count contained In the TBC
associated with the oc- the reflective sensor 24 is also shown in Figure 5.
It  currence of the first signal and the count in the TBC Is controlled by
a signal from pin 31 or pin 33 of the  associated with the occurrence of
the second signal. first 1/O port of the microprocessor 102.          Only
the time value associated with an event Is stor- A third amplification
circuit 106 is connected to  15  ed, not the event Itself. Note also that
the time value the output of the magnetic sensor 30, shown in Figure
associated with a particular event is not directly relat- 5. Aflip flop
circuit 108, shown in Figure 4, is cornect-  ed to a specific physical
position on the bill. ed to the output of amplification circuit 106. It has
one  To initiate operation of the validator, the leading output line
connected to the interrupt request input  edge of the bill to be tested is
inserted into the entry 



INTof the microprocessor 102, and the otherline con-  20  6 of the
passageway 4. Interruption of the light beam nected to pin 25 of the second
I/O port of micropro-  between the optical transmitter 20 and the optical
re- cessor 102 to receive a reset signal when the micro-  ceiver 22 of the
transmissive sensor 18 by the insert- processor 102 has acted on the
"interrupt" request.  ed bill generates a signal which starts the motor 14
The "deadman timer" and reset circuit 116 moni-  moving in a forward
direction. The Inserted bill is then tors an output on the READ line, RD,
of the micropro-  25  gripped between the wheels 16 and moving belt 10
cessor 102 for a continuing train of pulses, produced  and thereby advanced
through passageway 4, trav- under control of the program, indicating that
the ml-  elling from left to right as shown in FIGURES 1 and croprocessor
102  is operating normally. So long as  2, so that each point on the upward
facing surface of said pulses are received, capacitor C3 is kept in a dis-
the bill encounters first the reflective sensor 24 and charged mode. If the
pulses cease, indicative of a pro-  30  then the magnetic sensor 30. gram
failure In the microprocessor 102, the capacitor  . Interruption of the
transmissive sensor 18 also C3 charges causing the comparator 117 to send a
re-  establishes the starting point of the value or count set signal to the
reset Input RST of the microproces-  stored in the TBC. Within a
predetermined time after sor 102. In normal power-up of the validator, the
the Interruption of the transmissive sensor, the mag- charging of the
capacitor C4 resets the microproces-  35   netic sensor 30 must generate
signals Indicating the sor 102.
detection of two magnetic ink lines within a predeter- A clock circuit 112,
including a crystal or resona-  mined span of time. The detection of two
lines having tor Y1, fixes the frequency of operations and steps  magnetic
properties, as opposed to one line, Is re- the microprocessor 102 through a
series of opera-  quired because a single magnetic signal may be due tions
based upon instructions stored within the micro-  40  to the presence of a
spurious magnetic line on the bill processor 102 or in an external program
memory,   or other spurious electric signal within the system. In such as
read-only memory (ROM). The frequency      contrast, the detection of two
such signals within a produced by the clock circuit 112 is divided in the
mi-  short period of time indicates, within a reasonable de-
croprocessorbya  factoroffifteen and the dividedfre-  gree of certainty,
that the signals are due to the pres- quency signal appears as a periodic
logic signal at pin  45  ence of engraved ink lines on the bill and not
some 11 of the microprocessor 102which is called ALE. The  spurious
feature. signal is further divided In frequency by a factor of  These
magnetic signals are generated by the four by a divider circuit 114 and is
fed into an input port  passage of magnetic material of the bill, first
under T1 of the microprocessor 102. This clock derived sig-  the permanent
magnet 29 to bias the magnetic ma- nal Is used to drive an internal
eight-bit counter in the   50  terial, and then under the magnetic head 30
where microprocessor 102. By looking at overflows of this  detection of the
magnetic material will produce a internal counter CTR1 (not shown) and by
use of two  small electrical signal. This signal is amplified by a internal
random access memory locations (RAM), an  pre-amplifler 101, shown in
Figure 5, to produce an accurate time base is created within the
microproces-  analog signal at its output. This analog signal is con- sor
102. The microprocessor 102 also includes two   55   verted into logic
levels suitable for processing by the RAM  extension registers CTR2 and
CTR3 (not        comparator circuit 106 which is located on the control
shown). Together, the counter CTR1 and these two   board, shown In Figure
4. These logic levels set a log- registers CTR2 and CTR3 form a Time Base
Counter   ic element, flip flop 108, whose output state Is then This is the
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10 sensed by the microprocessor 102.                  field Is scanned by
the magneticsensor 30 priorto the The first magnetic signal which is
followed within  time that the denomination field is scanned by the a
predetermined length of time by a second magnetic  magnetic sensor 30). If
the calculated interval is less signal causes the contents of the Time Base
Counter  than the value stored in ROM, then it is determined to be stored
In RAM. In a genuine bill, this first mag-   5   that the bill is in the
"denomination field firs" orien- netic signal is an indication of a
detection of the edge  tation (meaning that the denomination field is scan-
of the first magnetic field or border field. Each of the  ned by the
magnetic sensor 30 prior to the portrait magnetic pulses in the border
field causes a RAM lo-  field.) cation to be incremented. This provides a
total count  If the calculated interval is greaterthan a second, of the
magnetic pulses in the border field.    10  larger value stored in ROM,
indicating that the Inter- The contents of the Time Base Counter associ-
val between the first and second magnetic fields Is ated with every
subsequent signal generated by the  larger than that found in a genuine
U.S. bill, then the magnetic sensor is likewise saved, but these subse-
motor is reversed and the bill is rejected. quently saved values are
immediately discarded if      Assuming that the bill has been inserted
portrait they are followed within a predetermined short period   15  field
first the next field of interest to be detected by of time by a further
subsequent value. This process  the magnetic sensor 30 will be the portrait
field. of saving and immediately  replacing In memory the     Thefirst
magneticlineof the portraitfleld to pass most recent magnetic signal Time
Base Counter val-  beneath the magnetic sensor 30 will cause the sen- ues
continues until a magnetic signal is not followed  sor 30 to generate a
signal. The initial signal produced within a predetermined short length of
time by a sub-  20  by the presence of the portrait field beneath the mag-
sequent signal. The process of storing and replacing  netic sensor 30 will
be detected and cause the count continues until there is a gap of
predetermined size  or time stored in the Time Base Counter to be stored
and the total count of magnetic pulses saved in RAM  in RAM in the same
manner as described above with equals or exceeds a predetermined count
stored in  respect to the initial signal of the border field. Addi- ROM. In
a genuine bill, the last Time Base Counter  25  tionally, a location in RAM
will be used to keep total value saved represents the end of the first
magnetic  count of magnetic pulses in the portrait field. 



field and the beginning of the first magnetic space or  Each subsequent
magnetic line within the por- gap.
trait field which passes beneath the magnetic sensor The fact that a first
magnetic field has been de-  30 will cause the sensor 30 to generate an
additional tected is stored as a bit in a RAM location to be refer-  30
electric signal. Each of the next sixteen signals which red to as the
Recognition Status Register.         follow the Initial signal will cause
the count or time The second magnetic field to be detected by the  stored
in the Time Base Counter to be stored in RAM. magnetic sensor 30 will be
either the portrait field or  It will be noted that these sixteen values of
time cor- the denomination field, depending upon how the bill  respond to
the detection by the magnetic sensor 30 was oriented when it was introduced
into passageway   35  of the vertical grid lines which (depending on bill
ori- 4. The present invention utilizes the Interval between  entation)
comprise the left or right-hand side of the the final signal of the first
magnetic field and the in-  portrait field. tial signal of the second
magnetic field to determine  The next seventeen signals generated during
the bill or oientation as follows.         ,           scanning of the
portrait field will similarly cause the After detection of the first
magnetic field has   40  count or time stored in the Time Base Counter to
be been completed, the bill continues to be advanced   stored In RAM. Any
additional signals generated will past the magnetic sensor 30 until the
initial magnetic  cause the count or time stored in the Time Base line of
the second magnetic field is detected by the  Counter to be stored in RAM
and be added to the sec- magnetic sensor 30. The count in the time base
coun-  ond set of seventeen values. As each additional value ter TBC at the
time of this event Is stored in RAM. (As   45  is added, the "oldest value
In the set will be discarded with detection of the initial line of the
first magnetic  from RAM. In this manner, only the seventeen most region,
the Initial line of the second magnetic region  recently generated values
will be maintained in RAM. will be recognized as such and stored only If
followed  These values will correspond to the detection of vert- within a
predefined short span of time by another   ical grid lines appearing on the
trailing edge of the magnetic line.)                                50
portrait fleld. The interval between the initial line of the second  The
end of the portrait field can occur after the magnetic region and the final
line of the first magnetic  following three conditions are met: region Is
calculated and its value Is compared with a  1. the absence of magnetic
signal for a time predetermined value stored in ROM.
greater than a predetermined value stored in If the calculated interval is
greater than the value  55  ROM (26ms in the present embodiment); stored in
ROM, then it is determined that the bill is in  2. a total count of
magnetic pulses in the portrait the "portrait field first orientation (that
is, the bill was  field greater than a predetermined value stored In
inserted into the passageway 4 so that the portrait    ROM (40 In the
present embodiment); and, This is the replacement sheet Date:
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portrait field  width greater than a predeter-  to pass beneath the
magnetic sensor 30 will generate mined value stored in ROM (1 60ms in the
present  a signal which will be detected and cause the count embodiment).
stored in the time base counter TBC to be stored in The portrait field
width is obtained by subtracting  RAM in the same manner as described above
with re- from the end count or end time of the portraitfield the   5
spect to the final signal of the border field. The de- begin count or start
time of the portrait field. This is  nomination field bit is set in the
recognition status stored in RAM and will be used to normalize or scale
register. the data after the motor is stopped.                   The
interval between the denomination field and The last magnetic line of the
portrait field to pass  the portrait field is calculated and stored in
memory. beneath the magnetic sensor 30 will generate a sig-  10  Inthe
denominationfieldfirstorientation, this interval nal which will cause the
count or time stored in the  consists of the Interval between the final
signal of the Time Base Counter to be stored In RAM in the same
denomination field and the Initial signal of the portrait manner as
described above with respect to the final  field. In the portraltfleld
first orientation, this Interval signal of the border field.
consists of the Interval between the final signal of the The intervals
between the adjacent values in  15  portrait field and initial signal of
the denomination each of the two sets of the seventeen values stored
field. in memory will also be calculated and stored. It is not-  In either
orientation, the calculated interval be- ed that these calculated intervals
will correspond to  tween the portrait field and denomination field is the
spacing of vertical grid lines on both the right and  compared with a
predetermined value stored in mem- left-hand sides of the portrait field.
These calculated   20  ory. If the calculated interval is larger than the
prede- intervals will be ised to determine bill authenticity  termined
value, indicating that the space between the and denominatio in a manner
which will be descri-    portrait fleld and the denomination field is
larger than bed below.                                          in a
genuine U.S. bill, the motor is reversed and the Again assuming entry of
the bill portrait field  bill is rejected. first, the next field of
interest scanned by the magnet-  25  In addition to the magnetic sensor 30,
the reflec- ic sensor will be the denomination field.          tive sensor
24 is active while the bill is being trans- Passing of the first magnetic
line of the denomi-  ported. Its operation may be described as follows:
nation field benlath the magnetic sensor 30 will       Any dark area of the
bill that Is detected by the cause the magnetic sensor to generate an
electric  reflective sensor 24 will cause the output of compar- signal. The
initial signal generated by the presence of  30  ator circuit 104 to go
low. This level will be sensed by the denomination field will be determined
and the  the microprocessor 102 on pin one. If the output of count
Indicative of time of occurrence will be stored  comparator 104 stays low
in excess of some mini- in RAM in the manner described above with respect
mum time (which is stored In ROM), then the optical 



to the initial signal generated by the presence of the  detect bit Is set
in the recognition status register in border field.
35   RAM. The particular value N is presently selected so Each additional
magnetic line within the denomi-  that any dark object which causes a
continuous level nation field which passes beneath the magnetic sen-
output from the reflective sensor 24 while the bill is sor 30 will cause
the magnetic sensor 30 to generate  moved approximately 1/16 of an Inch
beneath the re- an additional ele~tric signal. Each such additional
flective sensor 24 will cause the optical detect bit of electric signal
will also cause the count stored in the   40  the recognition status
register to be set. When the time base counter TBC to be stored in RAM.
optical detect bit is set, an optical timer value is load- The interval
between successive electric signals  ed into RAM. In the prototype this
value is 48, repre- within the denomination field is calculated and com-
sentative of 0.6 inches at the nominal speed of move- pared with a
predefined constant. If the calculated in-  ment of the bill. As the bill
moves along passageway terval between sucessive signals is greater than the
45  4, the optical timer value in RAM will be decrement- predefined
constant stored in ROM, then the value of  ed. If any magnetic pulse is
detected, then the optical the calculated Interval is added to an
accumulated in-  detect bit is cleared and the optical timer value is ig-
terval value stored in RAM. The accumulated value   nored. If the optical
detect bit is not cleared and the thereby stored in  RAM represents the
accumulated   value of the optical timer decrements to zero, then widths of
the "gaps" or larger non-magnetic areas   50  the seal detect bit of the
recognition status register within the denomilation field.
will be set. Note that the preferred value, which is The end of the
denomination field can only occur  stored in ROM, is such that the bill
will be moved ap- after the absence of magnetic signals for a time
proximately .6 inches from the time that the optical greater than that of a
predetermined value in ROM   detect bit is set until the seal detect bit
can be set This (41 ms In the present embodiment) and a field width  55
value is dependent upon the spacing between the re- exceeding a minimum
value predetermined In ROM      flective and magnetic sensors, which is
approximate- (100 ms in the present embodiment).                ly .5
inches In the embodiment of the present curren- The last magnetic line of
the denomination field  cy validator. Thus, for the seal detect bit to be
set, This is the replacement sheet               7 Date: 24/1/95    13
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that it has successfully detected the conditions nec- a. a dark line of
someminimum width which is de-    essary for the beginning and ending of
one of the tected by the reflective sensor 24.                magnetic
fields, (i.e. first or border field, denomina- b. no output of the magnetic
sensor 30 for approx-  tion field, portrait field and trailing or back
border imately .5 inches before and until approximate-   5
field)thenthebitassociatedwiththatfieldissetinthe ly .1 Inch after optical
activity by the reflective  Recognition Status Register. The fact that the
device sensor 24 has first been detected.                 scans the black,
non-magnetic Federal Reserve If the bill has been inserted black seal
first, then  Seal, i.e. the fact that the device detects the presence with
a genuine bill the presence of optical signals and  of an optical field and
the absence ofa magneticfield, absense of magnetic signals in the black
seal area af-  10  is also stored in the Recognition Status Register. ter
the first border field will cause the seal detect bit  After the bill has
been stopped, the microprooes- to be set In the recognition status
register.         sor checks to ensure that the first three field bits of
If the bill has been inserted in the denomination  the Recognition Status
Registerare set as well asthe field first direction, then the reflective
sensor 24 will  Seal Detection Bit. The trailing border bit is Ignored
respond to optical information In the denomination   15  In this test. If
the device finds that these four bits are field after the first border
field. However, the detec-  not set, then the bill is rejected. tion of
magnetic activity in this region by magnetic      In another test, the
previously calculated portrait sensor 30 will cause the optical detect bit
to be     field interval (i.e. the interval between the initial sig-
cleared and preclude the seal detect bit from being    nal of the portrait
field and the final signal of the por- set. Note that detection of magnetic
activity, clearing   20  trait field) Is compared with both a minimum and a
of the optical detect bit and precluding the setting of  maximum allowable
portrait field interval value stor- the seal detect bi will also occur in
the portrait area  ed in ROM. If the calculated portrait field interval
falls and In the first b rder field. With a genuine bill, the  outside the
range of these predetermined minimum optical activity a d absence of
magnetic activity in  and maximum values (which vary from the known the
black seal region will cause the seal detect bit to   25   portrait field
width by approximately plus or minus be set. Once the seal detect bit of
the recognition sta-  20%), then the bill is rejected. tus register has
been set, It remains set for the re-     In another test, each of the
previously calculated mainder of the bill processing.
intervals between adjacent signals generated by the The data collection
will continue until the motor  vertical gridline in the portrait field is
compared 14 is stopped. This occurs either at a fixed time after   30
against a predetermined maximum interval value the transmissive sensor 18
is uncovered, or when a    stored in ROM. If any of the calculated
intervals ex- sufficient number of magnetic signals have been de-   ceeds
this predetermined maximum value, then the tected, indicating a fourth
trailing border field.    bill is rejected. After the motor is stopped the
bill is retained In    In another test the previously calculated denomi-
the passageway 4 while the collected data is ana-   35   nation field width
(i.e. the interval between the initial lyzed.
magnetic pulse of the denomination field and thefinal The first step in the
analysis of the data collected  magnetic pulse of the denomination field)
is com- from the surface of the bill is the computation of what  pared
against a predetermined maximum value stor- is referred to as the
"normalization constant" The    ed In RPM. If the calculated denomination
field inter- normalization constant is a value equal to the ratio of   40
val exceeds this predetermined maximum value, then 



the total portrait field width (i.e. the measured interval   the bill, is
rejected. between the detection  of the initial signal and final    If all
of the above criteria have been satisf led, the signal in the portrait
field) and the known portrait field  detailed analysis of the data
developed from the por- width of a genuint U.S. bill. The calculated no
mali-  trait field proceeds. zation constant is a value which is used to
correct for   45  As previously Indicated, the horizontal distance
variations in the detected data due to changes in mo-  between vertical
grid lines in the portrait area of a tor speed or condition of the bill.
Use of the normali-  U.S. bill are indicative of that bill's denomination.
One zation constant removes the need for speed control    dollar, two
dollar and five dollar bills are uniquely and its associated sensors or
electronics.            identified from one another by grid line spacing
val- The microprocessor 102 also calculates a value   50   ues of .008
inches, .010 inches and .011 inches, re- which will be referred to as the
percent denomination  spectively. Each of these three grid line spacing
val- space. This value Is equal to the ratio of the total ac-  ues, which
will be referred to as "seed" values, is stor- cumulated denomination
"space" (the larger magnet-    ed in ROM. In addition, a fourth grid line
spacing seed Ic gaps within the denomination f lield) to the denomi-  value
(which in the preferred embodiment of the pres- nation field width. The
value of the percent denomi-  55   ent invention is equal to .007 inches)
is also stored in nation space may be indicative of bills of different de-
ROM. This value, referred to as the ".007 reject criter- nomination.
ia, is used to distinguish between two dollar bills and Each time the
microprocessor has determined        one hundred dollar bills in the manner
described be- 8 This is the replacement sheet Date:      24/1/95    15
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the bill is determined in accordance with the steps il- It is recognized
that the actual grid line spacing  lustrated in the decision tree shown in
FIGURE 7. of even genuine one, two and five dollar bills will not  As
previously mentioned, the horizontal distance always be precisely equal to
one of the three seed val-  between the vertical grid lines in the portrait
area of ues identified above. Instead, the actual values will   5   a US
one, two and five dollar bills allow these bills to vary over a small range
centered about each seed    be uniquely identified one from the other. One,
two value. Therefore, associated with each seed value is  and five dollar
bills are uniquely identified one from a "window" of maximum and minimum
values which     the other by grid line spacing of .008 inches .010 in- are
acceptable as being equivalent to the seed value.  ches and .011 inches,
respectively. However, the The maximum and minimum window values associ-
10  portrait areas of the US $10, $20, $50 and $100 have ated with each
seed value are also stored as con-  vertical grid lines with strong grid
component spacing stants in ROM.                                     of
either .010 Inches and .011 inches, or mixtures of Each seed value and its
associated window may   these. While identification of $1, $2, and $5
denomi- be thought of as a "bin" into which measured grid line  nation
bills may be uniquely determined by depend- spacings may be sorted
according to size. Four such   15  ence upon identification of the grid
spacing one from bins are Illustrated In FIGURE 6. The four bins illu-  the
other, these values are not sufficient to permit strated in FIGURE 6 are
identified by the letters A, B,  identification uniquely from the larger
bill set of the C and D, and correspond respectively to seed values  seven
values $1. $2, $5, $10, $20, $50 and $100. To of the .007 inch reject
criteria, one dollar bills, two dol-  uniquely Identify a $1, $2, or $5
note from the seven lar bills and five dollar bills.               20  bill
set, criteria in addition to grid line spacing must be The actual grid line
spacings of a bill may be  usedtoexcludethe$10, $20, $50and$100dollarde-
measured and sorted according to size into these four  nominations. bins,
thereby forrning a histogram of measured grid   If most counts fall within
the B bin, then the dif- line spacings. It is expected that the largest
number  ference in the number of counts between the B bin of grid line
spacings will be sorted into the B bin if the   25  and the C bin, as well
as the difference In the number measured bill Is a genuine one dollar bill,
the C bin if  of counts between the B bin and D bin, Is calculated. the
measured bill is a genuine two dollar bill, and the  If either calculated
difference is less than a prede- D bin if the measired bill is a genuine
five dollar bill.  fined constant [err] (which, in the preferred embodi-
Further, therewill be a numberof spacings sorted into  ment of the present
invention, is equal to 8), then a theAbin if the measured bill is agenuine
one hundred   30  signal is generated which restarts the motor in re-
dollar bill. A typical distribution of measured grid line  verse and the
bill Is rejected. spacings for a genuine one dollar bill is illustrated in
Note that the greater the degree to which the cal- FIGURE 6.
culated value exceeds [err], the higher the confidence The B, C or D bin
containing the largest number  in the measurement A calculated value
considerably of counts is therefore a useful indicator of the denomi-  35
greater than [err] Indicates a measurement that Is more nation of the bill.
The absolute number of counts fall-  perfect than one which is only
slightly larger than [err] ing within each bin is also useful In
identifying au-  Since this calculated value is based upon the differ-
thentic bills and distinguishing between bills of var-  ence between
components representative of differ- ous denomination. The difference in
the number of   ent bill types, a large calculated value indicates a counts
between the bin containing the largest number  40  strong presence of the
components representative of of counts and the remaining bins Is also a
useful in-  one bill and a weak presence of the components rep- dicator of
bill authenticity and denomination, as well  resentative of other bills.
Further, a large calculated as an indication of the confidence level of the
meas-  value means that system noise and other factors urement.
which might pollute the measurement do not have a Initially, the previously
calculated normalization   45  strong presence. constant is used t adjust
(or"normalize") each of the  [err] might be externally controlled or set to
allow 



four seed values stored in ROM to correct for varia-  one to adjust the
accuracy of denomination determi- tions detected in scanning the bill. The
normalized  nation and bill acceptance/rejection ratios. If one seed
values, together with the windows stored in    were Interested In having
very accurate denomination ROM, are used to form the four bins A, B, C and
D,  50  Identification, then [err] might be set larger, with the into which
each of the calculated 34 portrait field in-  concomitant result of higher
good bill rejections If tervals is counted. If one or more of the 34
calculated  lower rejection and higher acceptance is important, intervals
is of such size that it cannot be sorted into  then [err]  might be
lowered. any one of the bins A, B, C and D, then that interval  If each
calculated difference is greater than or is simply not counted.
55  equal to [err] then the previously calculated percent de- After the
histogram has been formed, and if none  nomination space ratio is compared
to a predefined of the above tests has indicated the presence of an
maximum allowable percent denomination space ra- inauthentic bill, the
authenticity and denomination of  tlo for a one dollar bill, and Is also
compared to a pre- This is the replacement sheet Date:  24/1/95    17
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denomination       bin, then the difference in the number of counts be-
space ratio for a ne dollar bill. If this comparison in-  tween the C bin
and the B bin, as well as the differ- dicates that the calculated percent
denomination     ence in the number of counts between the C bin and space
ratio either exceeds the maximum allowable     the D bin, is calculated.
Each of these calculated dif- percent denomination space ratio, or is less
than the   5   ferences is then compared with a predefined constant minimum
allowable percent denomination space ra-     [err] stored in memory. In the
preferred embodiment of tio, then a signal is generated which reverses the
mo-  the present invention [err] is equal to 10. tor and the bill is
rejected. This particular percent de-  (Note that this value [err] might be
externally oon- nomination space ratio test is useful in distinguishing
trolled or raised to increase the confidence of the test between authentic
U.S. one dollar bills and "clones"  10  (resulting in the increase in
rejected good bills as a re- (which are photocopies of legitimate currency,
some-  stilt of requiring a more perfect test) or reduced to de- times used
in an effort to cheat currency validators).  crease the number of rejected
good bills (If the num- If the calculated denomination space ratio falls
ber of undesirable bills did not exceed some arbitrary between the minimum
and maximum allowable per-       criterion.) cent denomination space
ratios, then the bill is rec-  15  If either one of the calculated bin
countdifferenc- ognized as a genuine U.S. one dollar bill.           es Is
less than K2, then the bill will be rejected. If both If the greatest
number of counts falls within the D  of the calculated bin count
differences are greater bin, then the difference in the number of counts
be-  than orequal to [err] then the number of counts falling tween the D
bin and the B bin, as well as the differ-  in the Abin is compared with a
predefined Acount val- ence In the number of counts between the D bin and
20   ue stored in memory. In the preferred embodiment of the C bin, is
calculated. Each of these calculated val-  the present invention, the
predefined A count value is ues is then compared with a predefined constant
[err]   equal to 4. This test is useful in distinguishing be- stored in
memory.In the preferred embodiment of the  tween two dollar bills and one
hundred dollar bills. present invention [err] is equal to 12. If either
calculated  If the number of counts falling within the A bin is difference
Is less than [err] the bill will be rejected.  25   greater than or equal
to the predefined Acount value, Note that this value [err] might be
externally con-  then the bill will be rejected. If the number of counts
trolled or raised to Increase the confidence of the test  falling within
the A bin is less than the predefined A (resulting in the increase in
rejected good bills as a re-  count value, then the previously calculated
border suit of requiring a more perfect test) or reduced to de-  field
count is compared with a predefined border field crease the number of
rejected good bills (if the num-   30   count constant stored In ROM. In
the preferred em- berof undesirable bills did not exceed some arbitrary
bodiment of the present invention, this predefined criterion).
border field count constant is equal to 48. This com- If both calculated
differences are greater than or  parison is useful in distinguishing
between two dollar equal to [err] then the previously calculated
borderfield  bills and fifty dollar bills. count Is compared with a
predefined border field  35    If the calculated border field count is
greater than count (which, in the preferred embodiment of the     the
predefined border field count constant, then the present Invention, is
equal to 40). If the calculated  bill will be rejected. If the calculated
borderfield count border field count Is greater than the predefined bor-
Is less than or equal to the predefined border field der field count, the
bill will be rejected. This compar-  count constant, then the previously
calculated de- ison Is useful in distinguishing between five dollar  40
nomination width is normalized using the normaliza- bills and ten dolla
bills.                          tion constant and compared to a first
predefined nor- If the calculated borderfleld count is less than the
malized denomination width constant. In the prefer- predefined border field
count, then the previously cal-  red embodiment, this first predefined
normalized de- culated percent denomination space ratio is com-
nomination width constant is equal to 153 mS This pared to a predefined
maximum allowable percent  45   comparison Is useful in distinguishing
between two denomination space ratio for a five dollar bill as well  dollar
bills and ten dollar bills, as well as distinguish- as a predefined minimum
allowable percent denomi-   ing between two dollar bills and fifty dollar
bills. nation space ratio for a five dollar bill. If this compar-  If the
calculated normalized denomination width ison indicates that the calculated
percent denomina-  is less than the first predefined normalized denomi-
tion space ratio either exceeds the maximum allow-   so   nation width
constant, then the bill will be rejected. If able percent denomination
space ratio or is less than  the calculated normalized denomination width
is the minimum allowable percent denomination space     greater than or
equal to the first predefined normal- ratio, then the bill is rejected. If
the calculated denomi-  ized denomination width constant, then the
calculat- 



nation space ratio falls between the minimum and     ad normalized
denomination width will be compared maximum allowable percent denomination
space ra-  ss   with a second predefined normalized denomination tios, then
the bill is recognized as a genuine U.S. five  width constant In the
preferred embodiment of the dollar bill.
present invention, this second predefined denomina- If the greatest number
of counts falls within the C  tion width constant is equal to 173.4 mS. 10
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calculated  The non-release of the jam sensor 38 within a certain
denomination width  is less than or equal to the se-   time after the motor
restart is an indication that the ond predefined denomination width
constant, then   bill is either being held in passageway 4 or being re- the
program will branch to the "D bin count test" de-  moved through entrance
6. If the sensor 44 does not scribed below. If this comparison indicates
that the   5   detect the release of the jam sensor 38 within the re-
calculated denomination width Is greaterthan the pre-  quired time, then
the motor 14 will be reversed and defined second denomination width
constant, then   the bill will be rejected. This testis useful in defeating
the previously calculated normalized interval be-   what is referred to as
the "bill-on-a-string" cheat tween the portrait field and the denomination
field  mode. will be compared to a predefined interval between the   10  In
addition, both while the motor 14 Is off and af- portrait field and the
denomination field. In the pre-  ter restart of motor 14, the number of
signals gener- ferred embodiment, this predefined Interval is equal  ated
by the reflective sensor 24 must remain below a to 58.6 mS. This comparison
between the calculated  certain predefined constant number. If the number
of interval and the predefined interval constant is useful  signals
generated by the reflective sensor 24 ex- In distinguishing two dollar
bills from ten dollar bills.  15  ceeds this predefined constant number,
the motorwill If the calculated interval between fields is greater  be
reversed and the bill will be rejected. An excessive than or equal to the
predefined field Interval constant,  number of signals generated by the
reflective sensor then the bill will be rejected. If the calculated
interval  24 both while the motor 14 is off and after motor re- between
fields is less than the predefined field inter-  start is'an indication
that the bill is being withdrawn val constant then the number of counts in
the D bin  20  from the passageway 4 through the entrance 6. This will be
compared with a predefined D bin count stored  test is useful in defeating
what is referred to as the in memory. In the preferred embodiment, this
prede-  "bill-on-paper" cheat mode. fined D bin count is equal to 8. This
test is useful in  From the above it will be seen thatthe present In-
distinguishing between two dollar bills and ten dollar  ventlon utilizes
the spacing between the vertical grid bills.
25  lines in the portrait area of U.S. bills to determine the If the
comparison between the calculated D bin  authenticity and denomination of
such bills without count and the predefined D bin count constant indi-
calculating the average spacing between such grid cates that the calculated
D bin count is greater than  lines. Instead, the present invention utilizes
a histo- or equal to the D bin constant, then the bill will be re-  gram of
grid spacing data to identify bill authenticity jected. If the comparison
indicates that the calculated   30  and denomination. Tests have shown that
this histo- D bin count is less than the predefined D bin count  gram
technique provides a valuable advance over the constant then the previously
calculated percent de-  prior art. nomination space ratio will be compared
to a prede-    For example, tests have shown a substantially fined maximum
allowable percent denomination       higher acceptance rate for authentic
one dollar, two space ratio for a two dollar bill as well as a predefined
35  dollar and five dollar bills using the present invention. minimum
allowable denomination space ratio for a    Moreover, the present invention
is capable of distin- two dollar bill.
guishing between these bills of various denomination If this comparison
indicates that the calculated  with a higher degree of accuracy than prior
art valida- denomination space ratio either exceeds the maxi-  tors. mum
allowable denomination space ratio or is less  40  The validator 1 can be
programmed to operate in than the minimum allowable denomination space ra-
both "teach" and "learn" modes. The teach mode is tio, then the bill will
be rejected. If the calculated de-  employed in a validator which does not
have all of the nomination space ratio falls between the minimum
operational constants stored in ROM. The validator is and maximum allowable
denomination space ratio,     taught by telling it that a known bill type
will be Insert- then the bill will be recognized as a genuine U.S. dol-  45
ed. The microprocessor then infers and stores in lar bill.
,            some kind of changeable memory the constants ap- At this
point, i  the bill has been Identified by the  propriate to this type bill.
The learn mode Is employed foregoing tests as genuine and of correct
denomina-  in a validator which stores one or more operational tion, a
signal is generated which restarts the motor 14  constants in changeable
memory. In the learn mode, in the forward direction. Subsequent to the
restart of  50  the microprocessor modifies these stored constants the
motor 14, a number of additional tests are per-  over a period of time,
under program control, based formed to insure that a validated bill is
properly ad-  upon experience with acceptable bills. Suitable vanced
through passageway 4 and exit 8.             changeable memory which might
be used includes Within a predetermined time after the restart of  EEPROM,
battery protected RAM, shadow RAM or motor 14, the optical jam sensor 44
must detect the   55   other memory which can be changed by the micropro-
release of the jam sensor 38 from Its horizontal pos-  cessor, but whose
constants will not be affected by ition and a return of the jam sensor 38
to its vertical  loss of power to the validator. position (as shown by the
unbroken lines in Figure 1).  The present invention may be embodied In
other This is the replacement sheet                   11 
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specific forms. For example, while the preferred em-   prising the steps of
comparing said difference bodiment disclosed herein is designed for
identifying  with a predetermined constant [err] and distinguishing among
genuine U.S. one, two and five dollar bills, the principles of the present
invention  2. A method according to claim 1 further comprising may also be
utilized in identifying and distinguishing   5  the step of producing a
signal indicative of the au- among higher denomination bills, as well as
paper     thenticity and denomination of said currency currency of
countries other than the United States.    based upon the comparison of
said difference While the preferred embodiment of the present inven-   with
the predetermined constant [err] tion disclosed herein utilizes a
"histogram" technique for analyzing magnetic data collected from the por-
10  3. A method according to claim 2 furthercomprising trait field of a
U.S. bill, the same histogram technique  the step of adjusting the
predetermined constant may also be utilized to analyze data from other por-
[err] to adjust the accuracy of denomination de- tions of the bill and to
analyze optical information re-  termination and the acceptance/rejection
ratio. trieved from the surface of the bill. The presently disclosed
embodiments are there-  15  4. A method as claimed In claim 2 or 3, wherein
the fore to be considered in all respects as illustrative and  signal
Indicative of authenticity and denomina- not restrictive, the scope of the
invention being indi-  tion Indicates that the currency is inauthentic or
cated by the appended claims, rather than the fore-    of improper
denomination if said difference is going description   and all changes
which come within   less than said constant [err] the meaning and range of
equivalency of the claims   20 are therefore intended to be embraced
therein.     5. A method according to any one of claims 1 to 6, Reference
is made herein to measuring intevals     wherein the difference is
determined between between electrical signals in orderto determine spac-
the numbers of Intervals in the set (e.g. B) con- ings between positions at
which currency identifying   taining the greatest number of intervals and
the characteristics are sensed. It will be appreciated of  25  set (e.g. D)
containing the second greatest num- course that the scanning of the bills
need not take    ber of intervals. place at a uniform rate, and accordingly
such refer- ences are Intended to cover other arrangements for  6. Amethod
according to claim 5 further comprising determining spatial intervals, such
as determining     the steps of determining the difference between
differences between scan position readings taken in  30  the number of
intervals in the set (B) containing response to electrical signals
generated in response   the greatest number of Intervals and the number to
sensing of currency identifying characteristics.    of intervals in at
least one additional set (C) be- yond the second set (D) and comparing this
dif- ference with a predetermined constant [err] Claims
35 7. A method according to any preceding claim 1. A method for determining
the authenticity and      wherein the measured intervals are classified by.
denomination of paper currency, said currency       producing a value
representative of the length of having a plurality of distinct areas each
contain-  each interval and comparing said value with ref- ing currency
Identifying characteristics, said  40  erence values for members of the
sets. method comprising the steps of: scanning at least one of said areas
with a  8. Amethod according to claim 7 in which the refer- signal
generating sensor (30) and thereby gener-    ence values are normalized by
comparison of In- ating a sequence of signals in response to the
formation contained in said sequence of signals currency identifying
characteristics detected by   45  with standard information for acceptable
bills. the sensor (30) in the area scanned, and meas- uring the intervals
between the generated sig-  9. A method according to claim 7 In which the
refer- nals, characterised in that the method further     ence values are
normalized by comparison of the comprises:
measured interval between the first and last sig- classifying at least some
of the measured   50  nals in said sequence of signals with a standard
intervals into an appropriate one of a plurality of  interval for
acceptable bills. sets (A, B, C, D) the classification of each of the
measured intervals being dependent upon the     10. A method according to
any preceding claim fur- length of that interval, and determining the au-
ther comprising the step of comparing the num- thenticity and denomination
of said currency   55  ber of intervals in a predetermined set (D) with a
based upon the differences between the num-        constant for purposes of
distinguishing lower de- bers of measured intervals classified into at
least  nomination currency from higher denomination a plurality of the sets
(A, B, C, D), further con-  currency. This is the replacement sheet
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forms. For example, while the preferred em-    prising the steps of
comparing said difference bodiment disclosed  herein is designed for
identifying  with a predetermined constant [err] 



and distinguishing among genuine U.S. one, two and five dollar bills, the
principles of the present invention  2. A method according to claim 1
further comprising may also be utilized in identifying and distinguishing
5  the step of producing a signal indicative of the au- among higher
denomination bills, as well as paper      thenticity and denomination of
said currency currency of countries other than the United States.     based
upon the comparison of said difference While the preferred embodimentof the
present inven-    with the predetermined constant [err] tion disclosed
herein utilizes a "histogram" technique for analyzing magnetic data
collected from the por-  10  3. A method according to claim 2
furthercomprising trait field of a U.S. bill, the same histogram technique
the step of adjusting the predetermined constant may also be utilized to
analyze data from other por-   [err] to adjust the accuracy of denomination
de- tions of the bill and to analyze optical information re-  termination
and the acceptance/rejection ratio. trieved from the surface of the bill.
The presently disclosed embodiments are there-  15  4. A method as claimed
in claim 2 or 3, wherein the fore to be considered in all respects as
illustrative and  signal indicative of authenticity and denomina- not
restrictive, the scope of the invention being indi-  tion indicates that
the currency is inauthentic or cated by the appended claims, rather than
thefore-     of improper denomination if said difference is going
descriptionjand all changes which come within    less than said constant
[err] the meaning and range of equivalency of the claims   20 are therefore
intended to be embraced therein.      5. A method according to any one of
claims 1 to 6, Reference is inade herein to measuring intevals    wherein
the difference is determined between betweenelectrica
signalsinordertodetermine appac-       the numbers of intervals in the set
(e.g. B) con- ings between pos tions at which currency identifying
taining the greatest number of Intervals and the characteristics are
sensed. It will be appreciated of  25      set (e.g. D) containing the
second greatest num- course that the s anning of the bills need not take
ber of intervals. place at a uniform rate, and accordingly such refer-
ences are intended to cover other arrangements for  6. Amethod according to
claim 5 furthercomprising determining spatial intervals, such as
determining     the steps of determining the difference between differences
between scan position readings taken in  30  the number of intervals in the
set (B) containing response to electrical signals generated in response
the greatest number of intervals and the number to sensing of currency
identifying characteristics.    of intervals in at least one additional set
(C) be- yond the second set (D) and comparing this dif- ference with a
predetermined constant [err] Claims
35 7. A method according to any preceding claim 1. A method for determining
the authenticity and       wherein the measured intervals are classified by
denomination, of paper currency, said currency       producing a value
representative of the length of having a plurality of distinct areas each
contain-  each interval and comparing said value with ref- ing currency
identifying characteristics, said  40  erence values for members of the
sets. method comprising the steps of: scanning at least one of said areas
With a  8. A method according to claim 7 in which the refer- signal
generating sensor (30) and thereby gener-    ence values are normalized by
comparison of in- ating a sequence of signals in response to the
formation contained in said sequence of signals currency indentifying
characteristics detected by   45  with standard information for acceptable
bills. the sensor (3 ) in the area scanned, and meas- uring the int vals
between the generated sig-   9. A method according to claim 7 in which the
refer- nals, charactrised in that the method further       once values are
normalized by comparison of the comprises:
measured interval between the first and last sig- classifying at least some
of the measured   50  nals in said sequence of signals with a standard
intervals into an appropriate one of a plurality of  interval for
acceptable bills. sets (A, B, C, D), the classification of each of the
measured intervals being dependent upon the     10. A method according to
any preceding claim fur- length of that interval, and determining the au-
ther comprising the step of comparing the num- thenticity and denomination
of said currency  55    ber of intervals in a predetermined set (D) with a
based upon the differences between the num-         constant for purposes
of distinguishing lower de- bers of measured intervals classified Into at
least  nomination currency from higher denomination a plurality of the sets
(A, B, C, D), further com-  currency. This is the replacement sheet
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11. A method according to any preceding claim  fur-     area and the final
signal generated during scan- ther comprising the steps of:
ning of said portrait area, calculating a value cor- counting the number of
Intervals classi-      responding to the ratio of said measured portrait
fled In one (D) of said plurality of sets (A, B, C,  area interval to a
known portrait area interval, D), rejecting said bill as inauthentic or of
improp-   5  and normalizing the bounds for one or more sets er
denomination if said number exceeds a prede-     of said plurality of sets
(A, B, C, D) based on said termined value.
calculated ratio value. 12. A method according to any preceding claim, fur-
19. Amethod according to anyone of claims 16to 18, ther comprising the
steps of scanning a second of  10  wherein said classifying step is applied
only to a 



said areas with the signal generating sensor (30)   preselected group of
said measured intervals. and thereby generating a second sequence of
signals in response to the currency Identifying  20. A method according to
claim 19, wherein said characteristics detected by the sensor (30) in the
preselected group of measured intervals com- second area scanned.
15       prises intervals between signals generated by the scanning of the
right and left hand sides of 13. A method according to claim 12, further
compris-   said portrait area. ing: measuring the intervals between the
sec-  21. A method according to any one of claims 16  to 20, ond set of
generated signals, comparing the   20    wherein the plurality of sets (A,
B, C, D) compris- length of the measured Intervals to see if they ex-  es
sets (B, C, D) defined about seed values ceed a predetermined duration
constant com-        of .008 inches, .010 Inches and .011 Inches, and
puting the sum of the measured Intervals expeed-   those measured intervals
not falling within one of ing the duration constant, measuring the iinter-
the plurality of sets are discarded. vals between the first and last
signals In the sec-  25 ond set of generated signals, and computing the
22. A method according to claim 21, further compris- ratio of the sum of
the measured intervals ex-     ing the step of normalizing the seed values.
ceeding the duration constant, and the Interval between the first and last
signals in the second  23. Amethod according to anyone of claims 16 to 22,
set of generated signals.                  30       wherein said bill
further Includes a denomination area containing bill Identification lines,
said 14. A method according to claim 13 further compris-    method further
comprising the steps of: ing the steps of normalizing the measured Inter-
scanning said denomination area of said val between the first and last
signals in the sec-  bill with the signal generating sensor (30) and ond
set of generated signals and comparing said  35  thereby generating an
additional sequence of normalized measured Interval with a predeter-
signals in response to the lines detected by said mined width constant.
sensor (30), measuring the intervals between the generated signals,
calculating a first quantity 15. Amethod according to any one of claims 12
to 14    corresponding to the aggregate value of all mess- further
comprising the steps of measuring the in-  40  ured intervals in said
additional sequence having terval betwe n the first and the second sets of
a value greater than a predetermined value, cal- generated signals, and
comparing the interval       culating a second quantity corresponding to
the between the first and second sets of generated      measured interval
between the initial signal and signals with a  predetermined interval
constant.   the final signal In said additional sequence of sig- 45
nals, calculating a value corresponding to the ra- 16. A method according
to any preceding claim, for     tio between said first quantity and said
second determining the authenticity and denomination       quantity, and
rejecting said bill as inauthentic or of a bill having a portrait area, In
which the sensor  of improperdenomination if said calculated value (30) is
arranged to scan said portrait area.       is less than a predetermined
minimum ratio value 50      or greater than a predetermined maximum ratio
17. A method according the claim 16, In which the      value. area scanned
is a horizontal line along the major axis of a bill through the portrait.
24. A method according to claim 23, further compris- ing the steps of: 18.
A method according to claim 16 or 17, further  55        measuring the
interval between the final comprising the steps of:
signal in the portrait area and the initial signal in measuring the
interval between the initial    the denomination area, normalizing said
meas- signal generated during scanning of said portrait   ured Interval,
and comparing said normalized This is the replacement sheet
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26 measured interval with a stored constant value     constants for future
use in determining the au- for a predetermined  bill.
thenticity and denomination of paper currency. 25. A method accrding to
anyone of claims 16 to 24,  31. A method according to any preceding claim,
fur- wherein said bill further includes a border area   5  ther comprising
the steps of storing one or more containing bill identification lines, said
method  operational constants in memory, and modifying further comprising
the steps of                    said stored constants over a period of time
using scanning said border area of said bill with   a microprocessor under
program control, based the signal generating sensor (30) and thereby
upon experience with acceptable paper currency. generating a sequence of
signals In response to  10 the lines detected by said sensor (30), counting
32. A currency validation apparatus for determining the number of said
generated signals, rejecting     the authenticity and denomination of paper
cur- said bill as inauthentic or of Improper denomina-  rency having a
plurality of areas containing cur- tion if said number exceeds a
predetermined         rency identifying characteristics, said apparatus
number.                                    15      comprising: an
electrical signal generating sensor 26. A method according to any preceding
claim fur-     means (30) forscanning atleastone of said areas ther
comprising the step of scanning an addition-  of said currency and for
generating a sequence 



al one of said areas with a second signal gener-   of signals In response
to the currency identifying ating sensor (24).                  -       20
characteristics detected by the sensor (30) in the area scanned, and means
(102) for measuring 27. A method according  to claim 26, further compris-
the intervals between the generated signals; ing the step of rejecting said
currency if both the  characterised in that the apparatus further com-
sensors (24, 30) produce signals as they scan the   prises: additional
area.                           25            means (102) for classifying
at least some of the measured intervals into one of a plurality 28. A
method according to claim 27, wherein the first  of sets (A, B, C, D), the
classification of each of sensor is a magnetic sensor (30) and the second
said measured intervals being dependent on the sensor is an optical sensor
(24).                  length of that Interval, so as to obtain count val-
30      ues indicative of the number of intervals In the re- 29. A method
according to claim 26 or 27, wherein      spective sets (A, B, C, D), and
means (102) for the second sensor is an optical sensor (24) which
obtaining information Indicative of the authentici- generates a plurality
of signals as an acceptable  ty and denomination of said currency based on
piece of paper currency is moved relative to the   the difference between
at least a plurality of the optical sensor (24), and the method further
corn-  35  count values, further comprising means (102) for prises the
steps of:                               comparing said difference with a
predefined dif- transporting a piece of paper currency rel-   ference value
[err] ative to the first and second sensors (24, 30) 80 that those sensors
can scan the piece of paper  33. Apparatus according to claim 32, further
com- currency, Interrupting the transporting for a per-  40  prising means
for externally adjusting the prede- lod during which the authenticity and
denomina-    fined difference value [err] tion are determined, continuing
the transporting if the piece of paper currency is acceptable, de-  34.
Apparatus according to any one of claims 32 to termining if the  second
sensor (24) has generat-    33, wherein the means (102) for measuring
inter- ed a number of signals exceeding a predefined   45  vals also
measures the interval between the Ini- constant during or afterthe period
of interruption,  tial and final signals of the sequence of generat- and
rejecting ,he piece of paper currency if the    ed signals, and the
apparatus further comprises: generated number of signals from the second
means for storing an interval constant rep- sensor (24) eceeds the
predefined constant.       resentative of the interval between initial and
fi- 50      nal signals for a predetermined genuine piece of 30. A method
according to any preceding claim, fur-    currency, and means (102) to
determine a nor- ther comprising the step of initially establishing
malization constant by calculating the ratio of the operational constants
by producing a signal indi-   measured interval between the initial and
final cating to the validatorthat a known bill type will  signals and the
stored interval constant. be inserted, deriving test information from the
in-  55 sertion of the known bill type, computing appro-  35. Apparatus
according to any one of claims 32 to priate operational constants from said
test infor-  34, furthercomprising meansforproducing a sig- mation and
storing the computed operational         nal indicating that an authentic
piece of a known This is the replacement sheet              14    27
EP 0178132 B2                   28 denomination of paper currency will be
inserted,  falechen Wert hat. means for deriving test information from tue
au- thentic piecemeans to compute operational con-  5. Verfahren nach einem
derAnspruche 1 bis 4, wo- stants from said test information, and means to
be! die Differenz zwlschen den Anzahlen von In- store the computed
operational constants for fu-   5  tervallen in der die grolBte Anzahl
enthalbenden ture use in determining the authenticity and de-   Gruppe
(z.B. B) und der die zweitgr6llte Anzahl nomination of paper currency.
von Intbrvallen enthaltenden Gruppe (D) be- stimmt wird. 36. Apparatus
according to any one of claims 32 to 35, further comprising a memory for
storing op-  lo  6. Verfahren nach Anspruch 5, wobei ferner die Dif-
erational constants and a microprocessor (102)     ferenz zwischen
derAnzahl von Intervallen In der under program control for modifying the
opera-     die groffte Anzahl von Intervallen enthaltenden tional constants
stored in memory based upon       Gruppe (B) und der Anzahl von Intervallen
min- experience with paper currency accepted by the     destens einer Ober
die zweite Gruppe (D) hinaus apparatus.                                 15
zusatzlichen Gruppe (C) bestimmt und dlese Dif- ferenz mit einer
vorgegebenen Konstante (KI) verglichen wird. Patentanspriche 7. Verfahren
nach einem der vorhergehenden An- 1. Verfahren zuV Bestimmung von Echtheit
und   20     spruche, wobel die gemessenen Intervalle da- Wert von
Papiergeld, das mehrere bestilnmte        durch idassifizWert werden, dag
Sin die LAnge je- Berelche aufWeist, deren Jeder Geldidentifikati-   des
Intbrvalls angebender Wert erzeugt und mit onsmerkmalealenthilt,
Bezugswerten fOr Mitgileder dieser Gruppe ver- wobei tnindestens einer der
Bereiche mit     glichen wird. einem Slgnalgebersensor (30) zur Erzeugun'g
ei-  25 ner Folge voij Signalen in Abhangigkeit von den  8. Verfahren nach
Anspruch 7, wobel die Bezugs- 



mitdem Sensor(30) in dem abgetasteten Bereich      werte durch Vergleich
von In der Signalfolge ant- erfalbten Geldldentifikationsmerkmalen abgeta-
haltenen Informationen mit Standardinformatlo- stet wird und die Intbrvalle
zwischen den erzeug-  nen fOr annehmbare Geldscheine normlert wer- ten
Signalen gemessen werden,              30      den. dadurch gekennzeichnet,
daB ferner min- destens einige dergemessenen Intervale In eins  9.
Verfahren nach Anspruch 7, wobei die Bezugs- geeignete Gruppe aus eaner
Mehrzahl von Grup-      werte durch Verglelch des gemessenen Inter- pen (A,
B, D, C) idassifiziert werden, wobel die   valls zwlschen dem ersten und
dem letzten SI- KMassifizierung jedes gemeesenen Intervalls von   35  gnal
in der Signalfolge mit einem Standardinter- dessen Lange abhdngt, daS
Echthelt und Wert        vall fOr annehmbare Geldscheine normlert wer- des
Geldes aufgrund der Differenzen zwlschen       den. den Anzahlen der in
mindestens mehrere der Gruppen (A, B, C, D) klassifizierten, gemesse-  10.
Verfahren nach einem der vorhergehenden An- nen Intervalle bestimmt werden,
und daB die be-  4o  sprfuche, wobel ferner zur Unterscheldung von sagte
Differenz ferner mit einer vorgegebenen      Geld nledrigeren Wertes
gegenfiber solchem ho- Konstante (Kj verglichen wird.
heron Wertes die Anzahl von Intervallen in einer vorgegebenen Gruppe (D)
mit einer Konstanten 2. Verfahren naph Anspruch 1, wobei ferner auf-
verglichen wird. grund des Vergleichs zwischen der besagten Dif-  45 ferenz
mit de vorgegebenen Konstante (Ky) ein   11. Verfahren nach einem der
vorhergehenden An- Echtheit und Nrt des Geldes angebendes Si-
spruche, wobel ferner die Anzahl von in ainer (D) gnal erzeugt ird.
der mehreren Gruppen (A, B, C, D) klassifizier- ten Intervalle gezahit und
der Geldschein als 3. Verfahren nach Anspruch 2, wobeiferner die vor-  50
nicht echt oder von falachem Wert abgewlesen gegebene Konstante (K1) zur
Justlerung der Ge-     wird, wenn diese Anzahl eanen vorgegebenen naulgkeit
der Wertbestimmung und des Annah-        Wert (Oberschreitet.
me/Abwels-V'rhaltnisses eingestellt wird. 12. Verfahren nach einem der
vorhergehenden An- 4. Verfahren nach Anspruch 2 odor 3, wobel das  56
sprflche, wobei ferner ain zweibtr der Berelche Echtheit und Wert angebende
Signal dann, wenn      mit dem Signalgebersensor (30) abgetastet und die
besagte Differenz kleiner ist als die Konstantb   dadurch in Abhangigkelt
von den mit dem Sensor (K1), anzeigt, daM das Geld unecht istoder eanen
(30) in dem zwelten abgetasteten Bereich erfaS- This is the replacement
sheet                15 Date:
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30 ten Geldidentifikatlonsmerkmalen eine zweite      wobei die
Klassifizierung nurffreine ausgewihl- Folge von Siqnalen erzougt wird.
te Gruppe der gemessenen Intervalle erfolgt. 13. Verfahren nalh Anspruch
12, wobel forner die In-  20. Verfahren nach Anspruch 19, wobel die ausge-
tervalle zwischen der zweiten Gruppe von er-   5  wihite Gruppe von
gemessenen Intervallen In- zeugten Signalen gemessen werden, die Linge
tervalle zwischen Signalen umfallt, die beim Ab- der gemessenen Signal.
verglichen wird, um        tasten der rechten und der linken Seibt des Por-
festzustellen,.ob diese sine vorgegebene Inter-   traitbereichs erzeugt
werden. validauerkonstante uberschreiten, die Summe aus den die
Dauerkonstante uberschreitenden   10  21. Verfahren nach einem der
Ansprflche 16 bis 20, gemessenen Intervalle berechnet wird, die Inter-
wobei die Vieizahl von Gruppen (A, B, C, D) valle zwischen dern ersten und
dem letztbn Si-     Gruppen (B, C, D) umfal3t, die um Kernwerte von gnal in
derzweiten Gruppe von erzeugten Signa-    0,008 Zoll, 0,010 Zoll und 0,011
Zoll definiert len gemessen wird, und das Verhaltnis zwlschen    sind, und
diejenigen gemessenen Intervalle aus- der Summe der die Dauerkonstante
uberschrei-  15  gesondert werden, die nicht In eine der Mehrzahl tendon
gemessenen Intervalle und dem Intervall    von Gruppen fallen. zwlschen dem
ersten und dem letzten Signal in der zwelten Gruppe von erzeugten Signalen
be-  22. Verfahren nach Anspruch 21, wobei ferner die rechnet wird.
Kernwerte normiert werden. 20 14. Verfahren nafh Anspruch 13, wobei ferner
des  23 Verfahren nach einem der AnsprOche 16 bis 22, gemessene Intervall
zwischen dem ersten und       wobei der Geldschein ferner einen Geldschein-
dem letzten Signal in derzweiten Gruppe von er-   Identifikationslinlen
enthaltenden Wertangabe- zeugten Slgn$iten normiert und dieses normierte
bereich aufwelst, und wobel ferner der Wertan- gemessene Intervall mit
einer vorgegebenen   25   gabebereich des Geldschelns mit dem Signalge-
Breitenkonst nte vergllchen wird.                 bersensor (30) abgetastet
und in AbhAngigkelt von den mit dem Sensor (30) erfaften Linien sine 15.
Verfahren nach einem der Ansprflche 12 bis 14,    zusatzliche Folge von
Signalen erzeugt wird, die wobei ferner das Intervall zwischen der ersten
Intervalle zwischen den erzeugten Signalen ge- und der zweiten Gruppe von
erzeugten Signalen   3o  messen worden, elne ersten Gr6ge berechnet
gemessen uno mit einer vorgegebenen Intbrvall-     wird, die dem Summenwert
aller derienigen ge- konstante verfilichen wird.
messenen Intervalle in der zusitzlichen Folge entspricht, deren
Wertuberelnem vorgegebenen 16. Verfahren nach einem der vorhergehenden An-
Wert liegt, eine zwelte GrOSe berechnet wird, die 



spruche zur Bestimmung von Echtheit und Wert  35  dem gemessenen Intervall
zwischen dem An- eines einen Portraitbereich aufwelsenden Geld-
fangssignal und dem Endsignal in der zusitzli- schens, wobel
derSensor(30)zumAbtasten des        chen Signalfolge entspricht, emn dem
Verhiltnis j~>    Portraltbereichs ausgelegt Ist.
zwischen der ersten und der zweiten Gro8e ent- sprechender Wert berechnet
wird, und der Geld- 17. Verfahren nach Anspruch 16, wobel der abgeta-  40
schein als unecht oder von unrichtigem Wert ab- stete Bereich Oine durch
das Portrait verlaufende  gewlesen wird, wenn der berechnete Wert unter
horizontale Linie langs der Hauptachse elnes      einem vorgegebenen
minimalen Verhaltniswert Geldscheins iOt.
odor Ober einem vorgegebenen maximalen Ver- hiltniswert liegt. 18.
Verfahren na&h Anspruch 16 oder 17, wobel fer-  45 nor das Internall
zwischen dem wahrend der Ab-  24. Verfahren nach Anspruch 23, wobel ferner
des tastung des Pbrtraitbereichs erzeugten Anfangs-   Intervall zwischen
dem Endsignal In dem Por- signal und dim wahrend dieser Abtastung er-
traitberelch und dem Anfangssignal in dem Wort- zeugten Ends gnal gemessen
wird, ein Wert be-     angabebereich gemessen, normiert und mit ei- rechnet
wird, der dem Verhaltnis zwischen dem   50  nem gespelcherten konstanten
Wert fOr olnen gemessenen Portraltbereichsintervall und ei-
vorgegebenen Goldschein verglichen wird. nem bekannten
Portraltbereichsintervall ent- spricht, und aufgrund des berechneten
Verhilt-  25. Verfahren nach elnem der Ansprflche 16 bis 24, niswertos die
Grenzen fOr elne oder mehrere       wobel der Geldschein ferner eonen
Geldschein- Gruppen aus der Vielzahl von Gruppen (A, B, C,  55
Identiflkationslinien enthaltenden Randberelch D) normiert werden.
aufweist, dieser Randberelch des Geldscheins mit dern Signalgebersensor
(30) abgetastet wird, 19. Verfahren nach einem der Ansprfche 16 bis 18,
urn In Abhingigkelt von den durch den Sensor 16 This is the replacement
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32 (30) erfaltenULinien eine Folge von Signalen zu    sors mit
Programmstbuerung aufgrund von Er- erzeugen, di Anzahl der erzeugten
Signals ge-     fahrungen mit annehmbaren Papiergeld modifi- _l    zAhit
wird, ur d der Geldschein als unecht oder     ziert werden. von unrichtigem
Wert abgewiesen wird, wenn die Anzahl elne vorgegebene Zahl Oberschreitet.
5   32. GeldprOfgerat zur Bestimmung von Echthelt und Wert von Papiergeld,
das mehrere Geididentifi- 26. Verfahren nach elnem der vorhergehenden An-
kationsmerkmale enthaltende Bereiche auf- spruche, wobei ferner ein
welterer der Bereiche    weist, umfassend mit einem zwlten
Signalgebersensor (24) abge-          sine elektrische Signal. erzeugende
San- tastet wird.                               10      soreinrichtung (30)
zurAbtastung mindestens si- nes der Geldbereiche und Erzeugung elner Folge
27. Verfahren nach Anspruch 26, wobel ferner das      von Signalen in
Abhangigkeit von den mit dem Geld abgewiesen wird, wenn beide Sensoren
Sensor (30) in dem abgetasteten Bereich erfaB- (24, 30) be! Abtasten des
weibtren Bereichs Si-   ten Geldidentiflkationsmerkmalen, und eine Eln-
gnale erzeugen.                            15      richtung (102) zur
Messung der Intervalle zwi- schen den erzeugten Signalen, 28. Verfahren
nach Anspruch 27, wobel der erste             dadurch gekennzeichnet, daS
des Gerat Sensor sin magnetischer Sensor (30) und der       ferner sine
Einrichtung (102) zum Klassiflzleren zweit sin optischer Sensor (24) et.
mindestins einiger der gemessenen Intervalle In }  l  20  sine von mehreren
Gruppen (A, B, C, D) auf- 29. Verfahren nadh Anspruch 28 oder 27, wobPi der
weist, wobei die Klassifizlerung jedes der ge- zwelte Sensor ein optischer
Sensor (24) ist, der   messenen Intirvalle von der Linge dieses Inter-
dann, wenn sich ein annehmbarer Papiergeld-        valls abhangt, um
Zahlwertb zu erhalten, die die schein relativgzu dem optischen Sensor (21)
be-    Anzahl von Intbrvallen in den jeweiligen Gruppen wegt, mehrer
Signal. erzeugt, wobel ferner ein  25  (A, B, C, D) angeben, ferner eine
Elnrichtung Papiergeldsc ein relativ zu dem ersten und dem     (102) zur
Erzlelung von Informationen uber Echt- zweiten Sensbr (24, 30) derart
bewegt wird, dalB   heit und Wert des Geldes aufgrund der Differenz diese
Sensoren den Paplergeldschein abtasten       zwischen mindestens mehreren
der Zahlwerte, konnen, der Transport fOr sine Zeltspanne wah-     sowle
elne Einrichtung (102) zum Vergleichen rend der Echtheitund Wert
bostimmtwerden, un-  30  der Differenz mit einem vorgegebenen Dlfferenz-
terbrochen wtd, der Transport fortgesetzt wird,    wert (K1). wenn der
Papiergeldschein annehmbar ist, be- stimmt wird, ob der zwelte Sensor
wahrend odor  33. Gerat nach Anspruch 32 mit ferner elner Elnrlch- nach der
Zeitspanne der Unterbrechung esne An-    tung zum externen Einstellen des
vorgegebenen zahl von Signalen erzeugt hat, die eine vorgege-  35
Dlfferenzwertbs (K1). bene Konstantb uberschreltet, und der Papier-
geldschein abgewiesen wird, falls die erzeugte  34. Gerat nach Anspruch 32
oder 33, wobel die Eln- >     Anzahl von Signalen aus dem zweiten Sensor
richtung (102) zum Messon von Intorvallen auch (24) die vorbestimmte
Konstante Oberschreitet.     das Intervall zwischen dem Anfangs- und dem 40
Endsignal der Folge von erzeugten Signalen 



30. Verfahren navh einem der vorhergehenden An-       milt, und dis Gernt
ferner elne Einrichtung zur spruche, wobie anfinglich durch Erzsugung ei-
Speicherung einer Intervalikonstante aufwelst, nes Signals, dias dem
Echtheitsprflfer die EinfOh-  die dis Intervall zwlschen dem Anfangs- und
dem rung sines bpkannten Geldscheintyps anzeigt,       Endsignal fOr einen
vorgegebenen echten Geld- Betriebskons nten festgelegt werden, aus der  45
schein angibt, sowie eine Einrichtung (102) zur Einfflhrung d s bekannten
Geldscheintyps-Prif-     Bestimmung elner Normierungskonstante durch
informatione abgeleitetwerden, aus den PrOf in-    Berechnen des
Verhaltnisses des gemessenen formationen   eignete Betriebskonstantie be-
Intervalls zwlschen dem Anfangs- und dem End- rechnet werden, und die
berechneten Betriebs-      signal zu der gespeicherten Intervalikonstante.
konstantbn zurspatren Verwendung bel der Be-  50 stimmung von Echthelt und
Wert von Papiergeld   35. Gerat nach einem der Ansprflche 32 bis 34 mit
gespeichert werden.                                ferner einer Einrichtung
zur Erzeugung eines Si- gnals, das die Einfflhrung sines echtsn Geld- 31.
Verfahren naih einem der vorhergehenden An-       scheins bekannten Wertes
angibt, eaner Einrich- sprflche, wobeil ferner iine oder mehrere Be-  55
tung zur Ableitung von Prffinformatlonen von triebskonstanten In einem
Speicher abgelegt und    dem echten Geldschein, einer Einrichtung zur dlie
gespeicherten Konstanten Ober sine Zeit-      Berechnung von
Betriebskonstanten aus den spanne unter Verwendung elnes Mikroprozes-
Prffinformationen, und einer Einrichtung zur This is the replacement sheet
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Speicherung ,Ier berechneten Betriebskonstan-      que ou poassde une
valeur Inadequate si ladite ten zur spatdren Verwendung bei der Bestim-
difference est inf6reeure a la constante (K1). mung von Ecttheit und Wert
von Papiergeld. 5. Procede selon l'une quelconque des revendica- 36. Gerat
nach elnem der Anspruche 32 bis 35 mit   5  tions I a 4, dans lequel la
difference est determi- ferner einem Speicher zur Aufnahme von Be-
nee entre les nombres d'lntervalles dans l'en- triebskonstanten und elnem
Mikroprozessor         semble (B par exemple) contenant le plus grand (102)
mit Programmsteuerung zum Modifizleren       nombre d'lntervalles et
l'ensemble (D par exem- der in dem Speicher enthaltenen Betriebskon-
pie) contenant le second plus grand nombre dOn- stantbn aufgrwund von
Erfahrungen mit von dem   10  tervalles. Gerat angenommenem Paplergeld. 6.
Proc6d6 selon la revendication 5, comprenant en outre les etapes consistant
A determiner Ia diff6- Revendieatlons
rence entrele nombre d'intervalles dans I'ensem- 15      ble (B) contenant
le plus grand nombre d'interval- 1. Proc6de pour determiner l'authenticite
et la va-   les et le nombre d'intervalles dans au mains un leur de
papier-monnale, laquelle presente une      ensemble supplimentaire (C)
au-dela du deuxie- pluralite de zones distinctes contenant chacune    me
ensemble (D) et A comparer cette difference Kj    des caracteristiques
d'identification de la man-    avec une constants predetermin6e (K1). naie,
proced6 qul comprend les 6tapes consis-  20 tant A:
7. Procede selon l'une quelconque des revendica- explor~r au mains une des
zones avec un      tions pr6c6dentbs, dans lequel les .intervalles capteur
generateur de signaux (30) et generer      mesur6s sont classes par la
production d'une ainsi une seqpence de signaux en r6ponsp aux
grandeur representative de la longueur de cha- caractiristiqu s
d'identification de la mopnaie  25  quo intervalle et par la comparaison de
cette d6tect6es pa le capteur (30) dans la zone explo-   grandeur avec des
grandeurs de rtfbrence pour res, et
des membres des ensembles. mesurer les Intervalles entre les signaux
generts, caracterise en ce que le procedb       8. Proced6 selon la
revendication 7, dans lequel les comprend, en outre:
30      grandeurs de r6fbrence sont normalls6es par la la claesif ication
d'au mains quelques-uns   comparaison d'information contenue dans la s6-
des Intervalles mesures dans un ensemble ap-       quence de signaux avec
de l'information stan- proprn6 d'une pluralit6 d'ensembles (A, B, C, D),
dard pour billets acceptables. Ia classifIcation de chacun des intervalles
mesu- res dbpendant de la longueur de cet intervalle,et  35  9. Proc6d6
selon la revendication 7, dans loquel les la determination de
I'authenticit6 et de la  grandeurs de reftrence sont normalis6es par la
valeur de la monnaie sur la base des differences   comparalson de
l'lntervalle mesurb entre les pre- _i     entre les nombres d'intervalles
mesures classi-    mler et dernier signaux dans la sequence de si- fies
dans au mains une pluralit6 des ensembles     gnaux avec un intervalle
standard pour billets ac- (A, B, C, D), comprenant 6galement l'6tape   40
ceptables. consistant A comparer ladite difference avec une constants
pr6O1Aterminee (K1)                   10. Prood6 salon l'une quelconque des
revendica- tions pr6c6dentes, comprenant en outre l'btape 2. Procede selo9
Ia revendication 1, comnpren~nt en   consistant a comparer le nombre
d'intervalles outre l'etape Qonsistant A produire un signal indi-  45  dans
un ensemble pr6d6termin6 (D) avec une catif de l'autl entucite et de Ia
valeur de la man-  constante af In de distinguer la monnale de valeur naie
sur la bape do Ia camparaison de ladiie dif-  infbrieure par rapport a la
monnale de valeur su- 



fhrence avec fa constante pred~terminbe (Ki).      pbrieure. 3. Procbd6
aeloA Ia revendication 2, comprenant en   5o  11. Procedb selon l'une
quelconque des revendica- outre l'etape consistant A ajuster la constants
tions precedentes, comprenant en outre les eta- pr6determinbe (K1) pour
ajuster la prbcision avec  pea consistant a: laquelle sont determines la
valeur et le rapport         compter le nombre d'intervalles classes
acceptatlon/raJet.                                 dans un (D) des
ensembles (A, B, C, D), et 55           rejeterle billet comme
inauthentique ou de 4. Procede selon la revendlcatlon 2 ou 3, dans le-
valeur inadequate si ce nombre dbpasse un nom- quel le signal indicatif de
I'authenticit6 et de la va-  bre prbdbtermine. Ieur Indique quo la monnaie
nWest pas authenti- This is the replacement sheet                18    35
EP 0178132 B2                   36 1Z. Procede seloh l'une quelconque des
revendica-           calculer une grandeur correspondant au tions pr6ced
tes, comprenant en outre le$ eta-     rapport de I'intervalle mesure de la
zone A por- ._,    pes consista  a explorer une deuxibme desdites     trait
A un iltervalle connu de la zone A portrait, zones avecleapteurgenerateurde
signaux(30)        et et A generer dinsi une deuxieme s6quence de si-   5
normaliser les limites d'un ou plusleurs gnaux en r6ponse aux
caracteristiques d'ldentU-    des ensembles (A, B, C, D) surls base de la
gran- fication de la monnale dltectees par le capteur    deur calculee du
rapport. (30) dans la deuxibme zone exploree. 19. Procede selon l'une
quelconque des revendica- 13. Proc6d6 seloh la revendication 12, comprenant
10  tions 16 A 18, dans lequel I'etape de classifica- en outre los etapes
consistant a:                  tion est appliquee seulement A un groups
prese- mesurer les Intervelles entre les signaux    lectionn6 des
intervelles mesur6s. de la deuxieme serie de signaux generes, comparer la
longueur des intervalles me-  20. Procede selon la revendicatbon 19, dans
lequel 1s sures pour voir s'lIs depassent une constants de   15  groups
presalectionne d'intervalles mesures duree pred~terminee,
comprend des Intervalles entre des signaux g6- calculerla somme des
intervalles mesures     n6r6s par l'exploration du bord drolt et du bord
depassant la constants de duree,                   gauche de la zone A
portrait. mesurer les intervalles entre les premier et dernier signaux dans
la deuxieme seris de si-  20  21. Procede selon l'une quelconque des
revendica- gnaux genere, et                                   tions 16 A
20, dans lequel la pluralite d'ensem- calcul le rapport de la somme
des~inter-    bles (A, B, CD) comprend des ensembles (B, C, valles mesurMs
depassant la constante de duree     D) dMfinis autour de dimensions de
I!ase corres- A l'intervalle qntre les premier et dernier signaux  pondant
respectivement A environ 0,20 mm, 0,25 dans la deuxi me serie de signaux
generes.  25     mm et 0,27 mm (0,008 pouce, 0,010 pouce et 0,011 pouce) et
dans lequel les intervalies mesu- 14. Procede seloi la revendication 13,
comprenant     res ne tombant pas dans l'un des ensembles sont en outre les
etapes consistent A normallser 'Mn-   mis A l'ecart. tervalle mesure entre
les premier et dernier si- gnaux dans la deuxieme ser.e de signaux gene-
30  22. Procede selon la revendication 21, comprenant res et A comparer cot
intervalle mesure et norma-  en outre l'etape consistent A normallser les
di- lse avec unel constants de largeur predetermi-     mensions de base.
nee. 23. Procede selon l'une des revendications 16 A 22, 15. Procede selon
'une quelconque des revendica-  35  dans lequel le billet comporte en outre
une zone tMons 12 a 14, comprenant en outre les opera-      A valour
contenant des lignes d'identification du tions consistant a mesurer
l'intervalle entre les  billet, le procede comprenant en outre les etapes
_J     premibre et deuxibme series de signaux et a        consistent A:
comparer l'intrvalle ainsi mesure avec une              explorer la zone A
valeur du billet avec le constants d'intbrvalle predetermines.      40
capteur generatour de signaux (30) et A genener ainsi une sequence
supplementaire de signaux 16. Procede solon l'une quelconque des revendica-
en reponse aux lignes detectees par ce capteur tions prec6dentes, pour
detbrminer l'authenticite  (3Q), et la valeur dOun billet ayant une zone A
pqrtralt       mesurer les intrvalles entre les signaux ou eff igie, darts
lequel le capteur (30) est dispose   45  genenes, pour explorertcette zone
a portrait.                    calculer une premilbre quantit6 correspon-
dant A la grandeur cumulee de tous les intervalles 17. Procedb seloq la
revendication 16, dans lequel la  mesures dans la sequence supplementaire
ayant zone exploree est une ligno horizontale seton-     une grandeur
superieure A une grandeur prede- dant le long d i grand axe d'un billet et
traversant  5o  terminee, le portrait.
calculer une seconds quantite correspon- dent A l'intervalle mesure entre
le signal initial et 18. Procede seoin la revendication 16 ou 17,
le signal final dans la sequence supplementaire comprenant e P outre los
etapes consistent a:      de signaux, mesurer l'lntervalle entre le signal
Initial  55   calculer une grandeur correspondent au generA pendant
l'exploration de la zone A portrait  rapport entre la premibre quantite et
la seconds 



et le signal final genere pendant l'exploration de  quantite, et la zone A
portrait,                                     rejeterle billetcomme
inauthentiqueou de 19 This is the replacement sheet Date:
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38 valour inad&$Jate si la grandeur calculee est in-  riode au cours de
laquelle sont d6termin6es fbrieure a unz grandeur minimale predetermines
lPauthenticitb et la valeur, du rapport o superieure & une grandeur jInaxi-
poursulvre le transport si le morceau de male pred6te minee du rapport.
papier monnaie est acceptable, 5            determiner si le deuxieme
capteur (24) a 24. ProcbdA selon la revendication 23, comprenant
genere un nombre de signaux depassant une en outre les operations
consistant a:              constants pr6d6finie pendant ou apres la periode
mesurer rintervalle entre le signal final     d'interruption, et dans la
zone A portrait et le signal initial dans la     rejeter ou refuser le
morceau de papier- zone A valeul                              10
monnale si le nombre de signaux generbs par le normahiser cet Intervalle
mesure, et          deuxime capteur (24) depasse la constante prb- comparer
l'intervalle mesure et normalise     dMfinie. avec une grandeur constante,
memoris~e, pour un billet prbd~termine.                         30. ProcbdA
selon l'une quelconque des revendica- 15     tions precedentes, comprenant
en outre l'etape 25. Procede selon l'une quelconque des revendica-
consistant A Atablir au depart des constantes tlons 16 a 24, dans lequel le
billet comporte en    operatolres en produisant un signal Indiquant a outre
une zone marginale contenant des lignes      l'apparell de validation ou
contrOleur de billets * d'identification du billet, le procede comprenant
qu'un billet de type connu sera introdult, en outre les operations
consistant a:      20            deriver de l'information de test de
l'intro- explorjr cette zone marginale du billet       duction du billet de
type connu, avec le capteur generateur de signaux (30) et gb-
calculer des constantes operatoires ap- nerer ainsi ur  sequence de signaux
en reponse      propriees A partir de cette information de test, et aux
lignes de ectees par ce capteur (30),                memorlser les
constantes op6ratolres cal- compt r le nombre des signaux gbfibrbs,  25
culbes en vue de leur emplol futur dans la deter- et
mination de l'authentcidt: et de la valeur de pa- rejeter e billet comme
inauthentique ou de    pier-monnaie. valeur inadee uate si lo nombre compte
dopasse un nombre predetermine.                         31. Procede selon
l'une quelconque des revendlca- 30     tions prbcbdentes, comprenant en
outre les ope- 26. Procode selop l'une queiconque des revendica-
rations consistant A enregistrer une ou plusleurs tions prbcedentbs,
comprenant en outre l'btape      constantes operatoires en mbmoire et
consistant A explorer une zone supplementalre            A modifier les
constantes enregistrbes desdites zones avec un deuxibme capteur gene-
pendant une periode de temps en utilisant un mi- rateur de signaux (24).
35       croprocesseur sous controle par programme, sur la base
d'expdriences acquises avec du papier- 27. Procbde selon la revendication
26, comprenant      monnale acceptable. J      oen outre l'btape consistant
A rejeter ou refuser la monnale sl deux capteurs (24, 30) produisentdes
32. Apparell de validation de monnale pour d~termi- signaux lorsqu'ils
explorent la zone supplemen-  40  ner l'authent icit et la valeur de
papier-monnale taire.
possedant une pluralite de zones contenant des caracteristiques
d'identification de la monnale, 28. Procedb seloi la revendication 27, dans
lequel le  l'apparell comprenant: premier capteur est un capteur magnrtiqug
(30)           un dispositif capteur (30) gbnerant des sl- et le deuxien
capteur est un capteur optique   45  gnaux blectriques pour explorer au
moins une (24).                                               des zones de
la monnale et pour gbnerer une sb- quence de signaux en rbponse aux
caractdristi- 29. Procede seloi Ia revendication 28 ou 27, dans le-  ques
d'identification de la monnale d~tect~es par quel le deuxlidme capteur eSt
un capteur optique    le capteur (30) dans la zone explorbe, et (24) qui
genbr  une pluralitb de signaux lorsqu'un   5o  un moyen (102) pour mesurer
les interval- morceau de papier-monnaie acceptable eat de-       les entre
les signaux gbnbres; place par rapport A ce capteur (24), le procbd6
caracterise en ce que l apparell comprend comprenant en outre les btapes
consistant A:        en outre: transprter un morceau de papier-mon-
un moyen (102) pour ciasser au moins naie par rapport au premier et
deuxilme capteur  55  quelques-uns des intbrvalles mesures dans un (24,
30), de manlere que ces captburs pulssent      ensemble d'une pluralitb
d'ensembles (A, B, C, explorer le morceau de papier-monnale,
D), la classification de chacun des Intervalles interrompre le transport
pendant une pb-      mesures dbpendant de la longueur de cot Inter- 20 This
is the replacement sheet Date:
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a obtenir des nombres compt6s in- dicatifs du no nbre d'Intervalles dans
les ensem- bles respect*If (A, B, C, D), et un mo!en (102) pour obtenir de
l'informa- tion indicativ de l'authentlcltb et de la valeur de   5 la
monnale SIr la base de la difference entre au molns une pluralite des
nombres compt6s, comprenant egalement un moyen (102) pour comparer la
difference avec une grandeur de dif- ference pr6dlflnie (KI).
10 33. Procede selon la revendication 32, comprenant on outre un moyen pour
ajuister de loextefieur la grandeur de difference pr6d6finie (K1). 15 34.
Appareil selon l'une quelconque des revendica- tions 32 a 33, dans lequel
le moyen (102) pour mesurer des intervalles mesure egalement I'mn- Kj
tervalle entre le signal initial et le signal final de la sequencei de
signaux g6neres, I'appareil  20 comprenant en outre: un moyen pour
memoriser une conqtante d'intorvalle ropr6sentative de l'Intbrvalle entre
to signal initial e le signal final pour un morceau de papier-monn ls vral,
predbtermine, et      25 un mc yen (102) pour determinoi une constante de
normalisation par le calcul du rap- port de l interyalle mesur6 entre les
slgnaux ini- tial etfinal A la constante dOintervalle m6moris6e. 30 35.
Apparell selon l'une quelconque des revendlca- tion 32 A 34, pomprenant en
outre: un moyen pour produire un signal indi- quant qu'un morceau de
papier-monnale authen- tique de valeur connue sera introduit      35 un
moyen pour d6river de l'information de test do ce morceau de papier-monnale
authenti- YJ     que, un moyen pour calculer des constantes operatolres A
partir de cette information de test,  40 et un moyen pour memoriser les
constantes op6ratoires cilcul6es on vue de leur emplot dans la
determinatlon de l'authenticit6 et do la laleur de papler-mo naie.
45 36. Appareil seloi l une quelconque des reveodica- tions 32 A 35
comprenant en outre une meknoire pour enregisti r des constantes
operatoires et un microprocess our (102), controle par programme,  5o pour
modif ieries constantes operatoires enregis- trbes en mbmoire sur la base
d'exp6riences acqulses avec du papier-monnale accepte par l'appareil. 55
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