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(67) Claim

27. A document cvaluation device for receiving a stack of documents and rapidly
cvaluating all the documents in the stack, said device comprising:

an input receptacle for receiving a stack of documents to be cvaluated,

a single output receptacle for receiving said documents after said documents have been
cvaluated;

a transport mechanism for transporting said documents, onc at a time, from said input
rcceptacle to said output receptacle along a transport path;

a discriminating unit for cvaluating said documents, said discriminating unit including
a detector positioned along said transport path between said input reeeptacle and said output
receptacle, said discriminating unit counting and determining the identify of said documents;
and

means for flagging a document when the identity of said document is not determined
by said discriminating unit, said mcans for flagging causing said transport mechanism to halt
with said document whose identity has not been determined being the last document

transported to said output receptacle.
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33.  An improved method for discriminating between currency bills of different
denominations comprising the steps of:

illuminating a predctermined section of a currency bill by focusing at lcast onc strip
of light thercupon;

detecting the light reflected off said illuminated scction of said bill to generate an
analog reflectance signal;

gencrating relative lateral displacement between said strip of light and said bill so as
to illuminatc and optically scan successive scctions of said bill along a predetermined

dimension thercof;

obtaining a scrics of analog reflectance signals corresponding to light reflected from
cach of said successive bill scctions;

digitising and processing said scrics of analog reflectance signals to yield a sct of
digital data samples which, in combination, rcpresent a data pattern characteristic of the
currency denomination of said bill;

gencerating and storing a sct of master characteristic patterns corresponding to optical
scanning of original bills of cach of the different currency denominations to be discriminated;

comparing said data pattern for said scanned currency bill to cach of said storecd master
patterns to determine the degree of correlation therebetween; and

determining the two master patterns having the highest degrees of correlation with the
data pattern of said scanned bill, (1) positively identifying said scanned bill as having the
dcnomination corresponding to the stored master pattern with the highest degree of corrclation
with said characteristic pattern if said highest degree of corrclation is greater than a first
predetermined threshold, otherwise

(2) determining the difference between said two highest degrees of corrclation and
positively identifying said scanned bill as having thec denomination corresponding to the stored
master pattern with the highest degree of correlation with said characteristic pattern only if (a)
said difference is greater than a second predetermined threshold and (b) said highest degree

of correlation is greater than a third minimum predctermined threshold.
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1. A currency evaluation device for receiving a stack of currency bills, rapidly
cvaluating all the bills in the stack, and then re-stacking the bills, said device comprising:

a feed mechanism for receiving a stack of currency bills and feeding said bills in
the direction of a predetermined dimension of the bills, one at a time, to a feed station;

a bill transport mechanism for transporting bills in the direction of the
predetermined dimension of the bills, from said feed mechanism to a stacking station
output receptacle at a rate in excess of about 800 bills per minute, said output receptacle
comprising a stacking mechanism;

a stationary optical scanning head located between said feed and stacking
mechanisms for scanning at least a preselected segment of each bill transported between
said feed and stacking mechanisms by said transport mechanism, and producirg an output
signal representing the scanned image; and

signal processing means for receiving said output signal and determining the

denomination of each scanned bill,
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i37) Abstract

An improved method and apparatus for discriminating between currency bills of different denomination uses an optical
sensing (18) and correlation technique based on the sensing of bill reflectance characteristic obtained by illuminating and scan-
ning a bill along its narrow dimension. A series of detected reflectance signals are obtained by sampling and digitally processing,
under microprocessor control, the reflected light at a plurality of predefined sample points as a currency bill (17) is moved across
an illuminated strip (24) with its narrow dimension parallel to the direction of transport of the bill. The sample data is subjected
to digital processing, including a normalizing process, whereby the reflectance data represents a characteristic pattern that is un-
ique for a given bill denomination and incorporates sufficient distingishing features between characteristic patterns for discrimi-
nating between different currency denominations.
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METHOD AND APPARATUS FOR CURRENCY
DISCRIMINATION AND COUNTING

-CROSS-REFERENEE-TO-REEATED-APPEICATIO

This application is a continuati of pending United States patent

5,111, filed February 5, 1990, for "Method and
BACKGR F THE INVENTION
Field of the Invention

The present invention relates, in general, to currency identification. The
invention relates more particularly to a method and apparatus for automatic
discrimination and counting of currency bills of different denominations using
light reflectivity characteristics of indicia printed upon the currency bills.
Description of the Related A

A variety of techniques and apparatus have been used to satisfy the
requirements of automated currency handling systems. At the lower end of
sophistication in this area of technology are systems capable of handling only a
specific type of currency, such as a specific dollar denomination, while rejecting
all other currency types. At the upper end are complex systems which are
capable of identifying and discriminating among and automatically counting
multiple currency denominations.

Currency discrimination systems typically employ either magnetic sensing
or optical sensing for discriminating between different currency denominations.
Magnetic sensing is based on detecting the presence or absence of magnetic ink
in portions of the printed indicia on the currency by using magnetic sensors,
usually ferrite core-based sensors, and using the detected magnetic signals, after
undergoing analog or digital processing, as the basis for currency discrimination.
The more commonly used optical sensing technique, on the other hand, is based
on detecting and analyzing variations in light reflectance or transmissivity
characteristics occurring when a currency bill is illuminated and scanned by a
strip of focused light. The subsequent currency discrimination is based on the

comparison of sensed optical characteristics with prestored parameters for
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different currency denominations, while accounting for adequate tolerances
reflecting differences among individual bills of a given denomination.

A major obstacle in implementing automated currency discrimination
systems is obtaining an optimum compromise between the criteria used to
adequately define the characteristic pattern for a particular currency
denomination, the time required to analyze test data and compare it to
predefined parameters in order to identify the currency bill under scrutiny, and
the rate at which successive currency bills may be mechanically fed through and
scanned. Even with the use of microprocessors for processing the test data
resulting from the scanning of a bill, a finite amount of time is required for
acquiring samples and for the process of comparing the test data to stored
parameters to identify the denomination of the bill.

Most of the optical scanning systems available today utilize complex
algorithms for obtaining a large number of reflectance data samples as a currency
bill is scanned by an optical scanhead and for subsequently comparing the data to
corresponding stored parameters to identify the bill denomination. Conventional
systems require a relatively large number of optical samples per bill scan in order
to sufficiently discriminate between currency denominations, particularly those
denominations for which the reflectance patterns are not markedly
distinguishable. The use of the large number of data samples slows down the
rate at which incoming bills may be scanned and, more importantly, requires a
correspondingly longer period of time to process the data in accordance with the
discrimination algorithm.,

A major problem associated with conventional systems is that, in order to
obtain the required large number of reflectance samples required for accurate
currency discrimination, such systems are restricted to scanning bills along the
longer dimension of currency bills. Lengthwise scanning, in turn, has several
inherent drawbacks including the need for an extended transport path for relaying
the bill lengthwise across the scanhead and the added mechanical complexity
involved in accommodating the extended path as well as the associated means for
ensuring uniform, non-overlapping registration of bills with the sensing surface of
the scanhead.
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The end result is that systems capable of accurate currency discrimination arc costly,
mechanically bulky and complex and gencrally incapable of both currency discrimination and

counting at high specds with a high degree of accuracy.

SUMMARY OF THE INVENTION

It is a principal objcct of the present invention to provide an improved method and
apparatus for identifying and counting currency bills comprising a plurality of currency

denominations.

It is another object of this invention to provide an improved mecthod and apparatus of
the above kind which is capable of cfficicntly discriminating among and counting bills of

scveral currency denominations at a high speed and with a high degree of accuracy.

A rclated object of the present invention is to provide such an improved currency
discrimination and counting apparatus which is compact, economical and has uncomplicated

construction and operation.

According to the present invention there is provided a currency evaluation device for
receiving a stack of currency bills, rapidly cvaluating all the bills in the stack and then re—
stacking the bilis, said device comprising:

a feed mechanism for receiving a stack of currency bills and feeding said bills in the
direction of a predetermined dimension of the bills, one at a time, to a feed station;

a till transport mechanism for transporting bills in the direction of the predetermined
dimensica of the bills, from said feed mechanism to a stacking station output receptacle at a
rate in excess of about 800 bills per minute, said output receptacle comprising a stacking
mechanism;

a stationary optical scanning hcad located between said feed and stacking mechanisms
for scanning at least a preselected scgment of each bill transported between said feed and

stacking mechanisms by said transport mechanism and producing an output signal representing
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the scanned image; and
signal processing mecans for receiving said output signal and determining the

denomination of each scanned bill.

The invention also provides an improved method for discriminating between currency
bills of different denominations, each currency bill having printed indicia enclosed within a
borderline defined thereupon so that the bill surface outside the borderline is substantially
blank, comprising the steps of:

illuminating a predetermined scction of a currency bill by focusing a first strip of light
thercupon, said first strip of light being relatively narrow;

generating relative lateral displacement between said first strip of light and said
currency bill so as to illuminate or optically scan successive sections of said bill along a
predetermined dimension thereof, said first strip of light being clongated in the direction
transversc to the direction of said lateral displacement;

obtaining a first serics of analog reflectance signals corresponding to light reflected
from cach of said successive bill scctions using said first strip of light to dctect said borderline
as the currency bill moves relative to said first strip by detecting the difference in magnitude
of the reflectance signal obtained from the bill surface outside said borderline and the
reflectance signal obtained about said borderline itself;

illuminating a predetermined section of a currency bill by focusing a second strip of
light thercupon, said second strip of light being relatively wide;

generating relative lateral displacement between said second strip of light and said
currency bill so as to illuminate or optically scan successive scctions of said bill along a
predetermined dimension thereof, said sccond strip of light being clongated in the direction
transverse to the direction of said lateral displacement;

obtaining a second series of analog reflectance signals corresponding to light reflected
from cach of said successive bill sections using said second strip of light;

processing analog reflectance signals of said second series of analog reflectance
signals obtained after the detection of said borderline by said first strip of light to yicld a set

of data samples which, in combination, represent a data pattern characteristic of the currency




10

. 15

20

25

’

\ V.
S S
N2
. o

Wi
L

(S
N

Q\OPER\GQIMITY).C = 175896

-3B -

denomination of said bill;

generating and storing a sct of master characteristic patterns corresponding to optical
scanning of original bills of cach of the different currency denominations to be discriminated;
and

determining the denomination of said currency bill from said data samples and said
master characteristic pattcrns;

wherein said currency bill traverses said strips of light at a rate in excess of about 800

bills per minute.

The invention also provides a document cvaluation device for receiving a stack of
documents and rapidly cvaluating all the documents in the stack, said device comprising:

an input receptacle for receiving a stack of documents to be evaluated;

a single output receptacle for receiving said documents after said documents have been
cvaluated;

a transport mechanism for transporting said documents, one at a time, from said input
receptacle to said output receptacle along a transport path;

a discriminating unit for cvaluating said documents, said discriminating unit including
a detcctor positioned along said transport path between said input receptacle and said output
receptacle, said discriminating unit counting and determining the identify of said documents;
and

means for flagging a document when the identity of said document is not determined
by said discriminating unit, said means for flagging causing said transport mechanism to halt
with said document whose identity has not been determined being the last document

transported to said output receptacle.

The invention also provides a method of counting and discriminating documents of
different types comprising the steps of:
receiving a stack of documents to be evaluated in an input receptacle;

transporting said documents, one at a time, from said input receptacle to a single output

-~ 30 receptacle;
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counting and determining the identity of said documents; and
J
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flagging a document when the identity of said document cannot be determined;
said flagging step comprising halting said transporting of said documents in said stack with
said document whose identity has not been determined being the last document transported to

said output rcceptacle.

The invention also provides an improved method for discriminating between currency
bills of different denominations comprising the steps of:

illuminating a predetermined section of a currency bill by focusing at least one strip
of light thereupon;

detecting the light reflected off said illuminatea section of said bill to generate an
analog reflectance signal;

generating relative lateral displacement between said strip of light and said bill so as
to illuminate and opticzlly scan successive sections of said bill along a predetermined
dimension thereof;

obtaining a series of analog reflectance signals corresponding to light reflected from
cach of said successive bill sections;

digitising and processing said series of analog reflectance signals to yield a set of
digital data samples which, in combination, represent a data pattern characteristic of the
currency denomination of said bill;

generating and storing a set of master characteristic patterns corresponding to optical
scanning of original bills of cach of the different currency denominations to be discriminated;

comparing said data pattern for said scanned currency bill to each of said stored master
patterns to determine the degree of correlation therebetween; and

determining the two master patterns having the highest degrees of correlation with the
data pattern of said scanned bill, (1) positively identifying said scanned bill as having the
denomination corresponding to the stored master pattern with the highest degree of correlation
with said characteristic pattern if said highest degree of correlation is greater than a first
predetermined threshold, otherwise

(2) determining the difference between said two highest degrees of correlation and

/‘.H“//ﬂpo positively identifying said scanned bill as having the denomination corresponding to the stored
,Z_ 1
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master pattern with the highest degree of correlation with said characteristic pattern only if (a)
said diffcrence is greater than a sccond predetermined threshold and (b) said highest degree

of corrclation is greater than a third minimum predetermined threshold.

A scries of such detected reflectance signals may be obtained by sampling and digitally
processing, under microprocessor control, the reflected light at a plurality of predefined
samplc points as the bill is moved across the illuminated strip with its narrow dimension
parallcl to the dircction of transport of the bill. Accordingly, a fixed number of reflectance
samples is obtaincd across the narrow dimension of the notc. The data samples obtained for
a bill scan arc subjccted to digital processing, including a normalising proccss to deaccentuatc

variations duc to "contrast" fluctuations in the printed pattern or indicia existing on the surface
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of the bill being scanned. The normalized reflectance data represent a
characteristic pattern that is fairly unique for a given bill denomination and
incorporates sufficient distinguishing features between characteristic patterns for
different currency denominations so as to accurately differentiate therebetween.

By using the above approach, a series of master characteristic patterns are
generated and stored using standard bills for each denomination of currency that
is to be detected. The "standard" bills used to generate the master characteristic
pa:'zrns are preferably bills that are slightly used bills. According to a preferred
embodiment, two characteristic patterns are generated and stored within system
memory for each detectable currency denomination. The stored patterns
correspond, respectively, to optical scans performed on the green surface of a bill
along "forward" and "reverse" directions relative to the pattern printed on the bill.
For bills which produce significant pattern changes when shifted slightly to the
left or right, such as the $10 bill in U.S. currency, it is preferred to store two
patterns for each of the "forward" and "reverse directions, each pair of patterns
for the same direction represent two scan areas that are slightly displaced from
each other along the 1ong dimension of the bill. Preferably, the currency
discrimination and counting method and apparatus of this invention is adapted to
identify seven (7) different denominations of U.S. currency, i.e., $1, $2, $5, $10,
$20, $50 and $100. Accordingly, a master set of 16 different characteristic
patterns is stored within the system memory for subsequent correlation purposes
(four patterns for the $10 bill and two patterns for each of the other
denominations.

According to the correlation technique of this invention, the pattern
generated by scanning a bill under test and processing the sampled data is
compared with each of the 16 prestored characteristic patterns to generate, for
each comparison, a correlation number representing the extent of similarity
between corresponding ones of the plurality of data samples for the compared
patterns. Denomination identification is based on designating the scanned bill as
belonging to the denominatiorn: corresponding to the stored characteristic pattern
for which the correlation number resulting from pattern comparison is

determined to be the highest. The possibility of 2 scanned bill having its




WO 93/23824 PCI/US93/0469 1

10

15

20

25

30

5

denomination mischaracterized following the comparison of characteristic
patterns, is significantly reduced by defining a bi-level threshold of correlation
that must be satisfied for a "positive" call to be made.

In essence, the present invention provides an improved optical sensing and
correlation technique for positively identifying any of a plurality of different bill
denominations regardless of whether the bill is scanned along the "forward" or
“reverse" directions. The invention is particularly adapted to be implemented
with a system programmed to track each identified currency denomination so as
to conveniently present the aggregate total of bills that have been identified at
the end of a scan run. Also in accordance with this invention, currency
detecting and counting apparatus is disclosed which is particularly adapted for use
with the novel sensing and correlation technique summarized above. The
apparatus incorporates an abbreviated curved transport path for accepting
currency bills that are to be counted and transporting the bills about their narrow
dimension across a scanhead located downstream of the curved path and onto a
conventional stacking station where sensed and counted bills are collected. The
scanhead operates in conjunction with an optical encoder which is adapted to
initiate the capture of a predefined number of reflectance data samples witen a
bill (and, thus, the indicia or pattern printed thereupon) moves =cross a coherent
strip of light focused downwardly of the scanhead.

The scarthead uses a pair of light-emitting diodes ("LED"s)to focr 4
coherent light strip of predefined dimensions and having a normalized
distributior. of light intensity across the illuminated area. The LED’s are
angularly disposed and focus the desired strip of light onto the narrow dimension
of a bill positioned flat across the scanning surface of the scanhead. A photo
detector detects light reflected from the bill. The photo detector is controlled by
the optical encoder to obtain the desired reflectance samples.

Initiati  of sampling is based upon detection of the change in reflectance
value that occuis when the outer border of the printed pattern on a bill is
encoun.ered relative to the reflectance value obtained at the edge of the bill
where no printed pattern exists. According to a preferred embodiment of this

invention, illuminated strips of at least two different dimensions are used for the




WO 93/23824 PCI/US93/04691

10

15

20

25

30

6

scanning process. A narrow strip is used initiall:  Jetect the starting point of
the printed pattern on a bill and is adapted to distinguish the thin borderline that
typically marks the starting point of and encloses the printed pattern on a bill.
For the rest of the narrow dimension scanning following detection of the border
line of the printed pattern, a substantiall*- wider strip of light is used to collect the
predefined number of samples for a bill scan the generation and storage of
characteristic patterns using standard notes and the subsequent comparison and
correlation procedure for classifying the scanned bill as belonging to one of
several predefined currency denominations is based on the above-described
sensing and correlation technique.

Brief Description in

Other objects and advantages of the invention will become apparent upon
reading the following detziled description in conjunction with the drawings in
which:

FIG. 1 is a functional block diagram illustrating the conceptual basis for
the optical sensing and correlation method and apparatus, according to the system
of this invention;

FIG. 1A is a diagrammatic perspective illustration of the successive areas
scanned during the traversing movement of a single bill across the scanhead;

FIG. 1B is a perspective view of a bill and the preferred area to be
scanned on the bill;

FIG. 1C is a diagrammatic side elevation of the scan areas illustrated in
FIG. 1A, to show the overlapping relationship of those areas;

FIG. 2 is a block diagram illustrating a preferred circuit arrangement for
processing and correlating reflectance data according to the optical sensing and
counting technique of this invention;

FIGS. 3-8A are flow charts illustrating the sequence of operations involved
in implementing the optical sensing and correlation technique;

FIGS. 9A-C are graphical illustrations of representative characteristic

patterns generated by narrow dimension optical scanning of a currency bill;
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FIGS. 10A-E are graphical illustrations of the effect produced on

correlation pattern by using the progressive shifting technique, according to an
embodiment of this invention;

FIG. 11 is a perspective view showing currency discrimination and counting
apparatus particularly adapted to and embodying the optical sensing and
correlation technique of this inveation;

FIG. 12 is a partial perspective view illustrating the mechanism used for
separating currency bills and injecting them in a sequential fashion into the
transport path;

FIG. 13 is a side view of the apparatus of FIG. 11 illustrating the
separation mechanism and the transport path;

FIG. 14 is a side view of the apparatus of FIG. 11 illustrating details of the
drive mechanism;

FIG. 15 is a top view of the currency discriminating and counting
apparatus shown in FIGS. 11-14;

FIG. 16 is an exploded top perspective view of the optical scanhead used
in the system of FIGS. 1-15;

FIG. 17 is a bottom perspective view of the scanhead of FIG. 16, with the
body portion of the scanhead sectioned along a vertical nlane passing through the
wide slit at the top of the scanhead;

FIG. 18 is a bottom perspective view of the scanhead of FIG. 16, with the
body portion of the scanhead sectioned along a vertical plane passing through the
narrow slit at the top of the scanhead;

FIG. 19 is an illustration of the light distribution produced about the
optical scanhead; and

FIG. 20 is a diagrammatic illustration of the location of two auxiliary
photo sensors relative to a bill passed thereover by the transport mechanism
shown in FIGS. 11-15; and

FIGS. 21-24 are flow charts illustrating the sequence of operations
involved in various enhancements to the operating program for the basic optical
sensing and correlation process.
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While the invention is susceptible to various modifications and alternative forms,
specific embodiments thereof have been shown by way of example in the
drawings and will herein be described in detail. It should be understood,
however, that it is not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all modifications,
equivalents, and alternatives falling within the spirit and scope of the invention as
defined by the appended claims.

DESCRIPTI F PREFERRED EMBODIME

Referring now to FIG. 1, there is shown a functional block diagram
illustrating the optical sensing and correlation system according to this invention.
The system 10 includes a bill accepting station 12 where stacks of currency bills
that need to be identified and counted are positioned. Accepted bills are acted
upon by a bill separating station 14 which functions to pick out or separate one
bill at a time for being sequentially relayed by a bill transport mechanism 16,
according to a precisely predetermined transport path, across an optical scanhead
18 where the currency denomination of the bill is scanned, identified and
counted at a rate in excess of 800 bills per minute. The scanned bill is then
transported to a bill stacking station 20 where bills so processed are stacked for
subsequent removal.

The optical scanhead 18 comprises at least one light source 22 directing a
beam of coherent light downwardly onto the bill transport path so as to
illuminate a substantially rectangular light strip 24 upon a currency bill 17
positioned on the transport path below the scanhead 18. Light reflected off the
illuminated strip 24 is sensed by a photodetector 26 positioned directly below the
strip. The analog output of photodetector 26 is converted into a digital signal by
means of an analog-to-digital (ADC) convertor unit 28 whose output is fed as a
digital input to a central processing unit (CPU) 30.

According to a feature of this invention, the bill transport path is defined
in such a way that the transport mechanism 16 moves currency bills with the
narrow dimension "W" of the bills being parallel to the transport path a=id the
scan direction. Thus, as a bill 17 moves on the transport path on the scanhead

18, the coherent light strip 24 effectively scans the bill across the narrow
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dimension "W" of the bill. Preferably, the transport path is so arranged that a
currency bill 17 is scanned approximately about the central section of the bill
along its narrow dimension, as best shown in FIG. 1. The scanhead 18 functions
to detect light reflected from the bill as it moves across the illuminated light strip
24 and to provide an analog representation of the variation in light so reflected
which, in turn, represents the variation in the dark and light content of the
printed pattern or indicia on the surface of the bill. This variation in light
reflected from the narrow dimension scanning of the bills serves as a measure for
distinguishing, with a high degree of confidence, among a plurality of currency
denominations which the system of this invention is programmed to handle.

A series of such detected reflectance signals are obtained across the
narrow dimension of the bill, or across a selected segment thereof, and the
resulting analog signals are digitized under control of the CPU 30 to yield a fixed
number of digital reflectance data samples. The data samples are then subjected
to a digitizing process which includes a normalizing routine for processing the
sampled data for improved correlation and for smoothing out variations due to
"contrast" fluctuations in the printed pattern existing on the bill surface. The
normalized reflectance data so digitized represents a characteristic pattern that is
fairly unique for a given bill denomination and provides sufficient distinguishing
features between characteristic patterns for different currency denominations, as
will be explained in detail below.

In order to ensure strict correspondence between reflectance samples
obtained by narrow dimension scanning of successive bills, the initiation of the
reflectance sampling process is preferably controlled through the CPU 30 by
means of an optical encoder 32 which is linked to the bill transport mechanism 16
and precisely tracks the physical movement of the bill 17 across the scanhead 18.
More specifically, the optical encoder 32 is linked to the rotary motion of the
drive motor which generates the movement imparted to the bill as it is relayed
along the transport path. In addition, it is ensured that positive contact is
maintained between the bill and the transport path, particularly when the bill is
being scanned by the scanhead 18. Under these conditions, the optical encoder is
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capable of precisely tracking the movement of the bill relative to the light strip
generated by the scanhead by monitoring the rotary motion of the drive motor.

The output of photodetector 26 is monitored by the CPU 30 to initially
detect the presence of the bill underneath the scanhead and, subsequently, to
detect the starting point of the printed pattern on the bill, as represented by the
thin borderline 17B which typically encloses the printed indicia on currency bills.
Once the borderline 17B nas been detected, the optical encoder is used to control
the timing and number of reflectance samples that are obtained from the output
of the photodetector 26 as the bill 17 moves across the scanhead 18 and is
scanned along its narrow dimension.

The detection of the borderline constitutes an important step and realizes
improved discrimination efficiency since the borderline serves a= an absclute
reference point for initiation of sampling. If the edge of a bii »cre to be used as
a reference point, relative displacement of sampling points can occur because of
the random manner in which the distance from the edge to the borderline varies
from bill to bill due to the relatively large range of tolerances permitted during
printing and cutting of currency bills. As a result, it becomes difficult to establish
direct correspondence between sample points in successive bill scans and the
discrimination efficiency is adversely affected.

The use of the optical encoder for controlling the sampling process relative
to the physical movement of a bill across the scanhead is also advantageous in
that the encoder can be used to provide a predetermined delay following
detection of the borderline prior to initiation of samples. The encoder delay can
be adjusted in such a way that the bill is scanned only across those segments
along its narrow dimension which contain the most distinguishable printed indicia
relative to the different currency denominations.

In the case of U.S. currency, for instance, it has been determined that the
central, approximately two-inch portion of currency bills, as scanned across the
central section of the narrow dimension of the bill, provides sufficient data for
distinguishing among the various U.S. currency denominations on the basis of the
correlation technique used in this invention. Accordingly, the optical encoder can

be used to control the scanning process so that reflectance samples are taken for
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a set period of time and only after a certain period of time has elapsed since the
borderline has been detected, thereby restricting the scanning to the desired
central portion of the narrow dimension of the bill.

FIGS. 1A-1C illustrate the scanning process in more detail. As a bill is
advanced in a direction parallel to the narrow edges of the bill, scanning via the
wide slit in the scanhead is effected along a segment S of the central portion of
the bill. This segment S begins a fixed distance d inboard of the border line B.
As the bill traverses the scan head, a strip s of the segment S is always
illuminated, and the photodetector produces a continuous output signal which is
proportional to the intensity of the light reflected from the illuminated strip s at
any given instant. This output is sampled at intervals controlled by the encoder,
so that the sampling intervals are precisely synchronized with the movement of
the bill across the scanhead.

As illustrated in FIGS. 1A and 1C, it is preferred that the sampling
intervals be selected so that the strips s that are illuminated for successive
samples overlap one another. The odd-numbered and even-numbered sample
strips have been separated in FIGS. 1A and 1C to more clearly illustrate this
overlap. For example, the first and second strips s1 and s2 overlap each other,
the second and third strips s2 and s3 overlap each other, and sr on. Each
adjacent pair of strips overlap each other. In the illustrative example, this is
accomplished by sampling strips that are 0.050 inch wide at 0.029 inch intervals,
along a segment S that is 1.83 inch long (64 samples).

The optical sensing and correlation technique is based upon using the
above process to generate a series of master characteristic patterns using standard
bills for each denomination of currency that is to be detected. According to a
preferred embodiment, two or four characteristic patterns are generated and
stored within system memory, preferably in the form of an EPROM 34 (see FIG.
1), for each detectable currency denomination. The characteristic patterns for
each bill are generated from optical scans, performed on the green surface of the
bill and taken along both the "forward" and "reverse" directions relative to the

pattern printed on the bill.
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In adapting this technique to U.S. currency, for example, characteristic
patterns are generated and stored for seven different denominations of U.S.
currency, i.e., $1, $2, $5, $10, $20, $50 and $100. As explained previously, four
characteristic patterns are generated for the $10 bill, and two characteristic
patterns are generated for each of the other denominations. Accordingly, a
master set of 16 different characteristic patterns is stored within the system
memory for subsequent correlation purposes. Once the master characteristic
patterns have been stored, the pattern generated by scanning a bill under test is
compared by the CPU 30 with each of the 16 pre-stored master characteristic
patterns to generate, for each comparison, a correlation number representing the
extent of correlation, i.e., similarity between corresponding ones of the plurality
of data samples, for the patterns being compared.

The CPU 30 is programmed to identify the denomination of the scanned
bill as corresponding to the stored characteristic pattern for which the correlation
number resulting from pattern comparison is found to be the highest. In order to
preclude the possibility of mischaracterizing the denomination of a scanned bill,
as well as to reduce the possibility of spurious notes being identified as belonging
to a valid denomination, a bi-level threshold of correlation is used as the basis for
making a "positive" call, as will be explained in detail below.

Using the above sensing and correlation approach, the CPU 30 is
programmed to count the number of bills belonging to a particular currency
denomination as part of a given set of bills that have been scanned for a given
scan batch, and to determine the aggregate total of the currency amount
represented by the bills scanned during a scan batch. The CPU 30 is also linked
to an output unit 36 which is adapted to provide a display of the number of bills
counted, the breakdown of the bills in terms of currency denomination, and the
aggregate total of the currency value represented by counted bills. The output
unit 36 can also be adapted to provide a print-out of the displayed information in
a desired format. |

Referring now to FIG. 2, there is shown a representation, in block diagram
form, of a preferred circuit arrangement for processing and correlating

reflectance data according to the system of this icvention. As shown therein, the
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CPU 30 accepts and processes a variety of input signals including those from the
optical encoder 32, the photodetector 26 and a memory unit 38, which can be an
erasable programmable read only memory (EPROM). The memory unit 38 has
stored within it the correlation program on the basis of which patterns are
generated and test patterns compared with stored master programs in order to
identify the denomination of test currency. A crystal 40 serves as the time base
for the CPU 30, which is also provided with an external reference voltage Vggp
on the basis of which peak detection of sensed reflectance data is performed, as
explained in detail below.

'The CPU 30 also accepts a timer reset signal from a reset unit 44 which,
as shown in FIG. 2A, accepts the output voltage from the photodetector 26 and
compares it, by means of a threshold detector 44A, relative to a pre-set voltage
threshold, typically 5.0 volts, to provide a reset signal which goes "high" when a
reflectance value corresponding to the presence of paper is sensed. More
specifically, reflectance sampling is based on the premise that no portion of the
illuminated light strip (24 in FIG. 1) is reflected to the photodetector in the
absence of a bill positioned below the scanhead. Under these conditions, the
output of the photodetector represents a "dark" or "zero" level reading. The
photodetector output changes to a "white" reading, typically set to have a value of
about 5.0 volts, when the edge of a bill first becomes positioned below the
scanhead and falls under the light strip 24. When this occurs, the reset unit 44
provides a "high" signal to the CPU 30 and marks the initiation of the scanning
procedure.

In accordance with a feature of this invention, the machine-direction
dimension of the illuminated strip of light produced by the light sources within
the scanhead is set to be relatively small for the initial stage of the scan when the
thin borderline is being detected. The use of the narrow slit increases the
sensitivity with which the reflected light is detected and allows minute variations
in the "gray" level reflected off the bill surface to be sensed. This is important in
ensuring that the thin borderline of the pattern, i.e., the starting point of the
printed pattern on the bill, is accurately detected. Once the borderline has been

detected, subsequent reflectance sampling is performed on the basis of a
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relatively wider light strip in order to completely scan across the narrow
dimension of the bill and obtain the desired number of samples, at a rapid rate.
The use of a wider slit for the actual sampling also smooths out the output
characteristics of the photodetector and realizes the relatively large magnitude of
analog voltage which is essential for accurate representation and processing of the
detected reflectance values.

Returning to FIG.'Z, the CPU 30 processes the output of photodetcctor 26
through a peak detector 50 which essentially functions to sample the
photodetector output voltage and hold the highest, i.e., peak, voltage value
encountered after the detector has been enabled. The peak detector is also
adapted to define a scaled voltage on the basis of which the pattern borderline on
bills is detected. The output of the peak detector 50 is fed to a voltage divider 54
which lowers the peak voltage down to a scaled voitage V, representing a
predefined percentage of this peak value. The voltage Vg is based upon the
percentage drop in output voltage of the 1. .ak detector as it reflects the transition
from the "high" reflectance value resulting from the scanning of the unprinted
edge portions of a currency bill to the relatively lower "gray" reflectance value
resulting when the thin borderline is encountered. Preferably, the scaled voltage
V, is set to be about 70 - 80 percent of the peak voltage.

The scaled voltage Vg is supplied to a line detector 56 which is also
provided with the incoming instantaneous output of the photodetector 26. The
line detector 56 compares the two voltages at its input side and generates a signal
Lper Which normally stays "low" and goes "high" when the edge of the bill is
scanned. The signal Lygr goes “low" when the incoming photodetector output
reaches the pre-defined percentage of the peak photodetector output up to that
point, as represented by the voltage Vs. Thus, when the signal Lygr goes "low", it
is an indication that the borderline of the bill pattern has been detected. At this
point, the CPU 30 initiates the actual reflectance sampling under control of the
encoder 32 (see FIG. 2) and the desired fixed number of reflectance samples are
obtained as the currency bill moves across the illuminated light strip and is

scanned along the central section of its narrow dimension.
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When master characteristic patterns are being generated, the reflectance
samples resulting from the scanning of a stanclard bill are loaded into
corresponding designated sections within a system memory 60, which is preferably
an EPROM. The loading of samples is accomplished through a buffered address
latch 58, if necessary. Preferably, master patterns are generated by scanning a
standard bill a plurality of times, typically three (3) times, and obtaining the
average of corresponding data samples before storing the average as representing
a master pattern. During currency discrimination, the reflectance values resulting
from the scanning of a test bill are sequentially compared, under control of the
correlation program stored within the memory unit 38, with each of the
corresponding characteristic patterns stored within the EPROM 60, again through
the address latch S8.

Referring now to FIGS. 3-7, there are shown flow charts illustrating the
sequence of operations involved in implementing the above-described optical
sensing and correlation technique of this invention. FIG. 3, in particular,
illustrates the sequence involved in detecting the presence of a bill under the
scanhead and the borderline on the bill. This section of the system program,
designated as "TRIGGER", is initiated at step 70. At step 71 a determination is
made as to whether or not a start-of-note interrupt, which signifies that the
system is ready to search for the presence of a bill, is set, i.e., has occurred. If
the answer at step 71 is found to be positive, step 72 is reached where the
presence of the bill adjacent the scanhead is ascertained on the basis of the reset
procedure described above in connection with the reset unit 44 of FIG. 2.

If the answer at step 72 is found to be positive, i.e., a bill is found to be
present, step 73 is reached where a test is performed to see if the borderline has
been detected on the basis of the reduction in peak value to a predefined
percentage thereof, which, as described above, is indicated by the signal Ly
going "low." If the answer at step 73 is found to be negative, the program
continues to loop until the borderline has been detected. If the answer at step 72
is found to be negative, i.e., no bill is found to be present, the start-of-note

interrupt is reset at step 74 and the program returns from interrupt at step 75.
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If the borderline is found to have been detected at step 73, step 76 is
accessed where an A/D completion interrupt is enabled, thereby signifying that
the analog-to-digital conversion can subsequently be performed at desired time
intervals. Next, at step 77, the time when the first reflectance sample is to be
obtained is defined, in conjunction with the output of the optical encoder. At
step 78 the capture and digitization of the detected reflectance samples is
undertaken by recalling a routine designated as "STARTA2D" which will be
described in detail below. At the completion of the digitization process, an end-
of-note interrupt must occur, which resets the system for sensing the presence of
the following bill to be sc”1ned, which is enabled at step 79. Subsequently, at
step 80 the program returns from interrupt.

If the start-of-note interrupt is not found to have occurred at step 71, a
determination is made at step 81 to sec if the end-of-note interrupt has occurred.
If the answer at 81 is negative, the program returns from interrupt at step 85. If
a positive answer is obtained at 81, step 83 is accessed where the start-of-note
interrupt is activated and, at step 84, the reset unit, which monitors the presence
of a bill, is reset to be ready for determining the presence of bills. Subsequently,
the program returns from interrupt at step 85.

Referring now to FIGS. 4A and 4B there are shown, respectively, routines
for starting the STARTA2D routine and the digitizating routine itself. In FIG.
4A, the initiation of the STARTA2D routine at step 90 causes the sample
pointer, which provides an indication of the sample being obtained and digitized
at a given time, to be initialized. Subsequently, at step 91, the particular channel
on which the analog-to-digital conversion is to be performed is enabled. The
interrupt authorizing the digitization of the first sample is enabled at step 92 and
the main program accessed again at step 93.

FIG. 4B is a flow chart illustrating the sequential procedure involved in
the analog-to-digital conversion routine, which is designated as "A2D". The
routine is started at step 100. Next, the sample pointer is decremented at step
101 so as to maintain an indication of the number of samples remaining to be

obtained. At step 102, the digital data corresponding to the output of the
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photodetector for the current sample is read. The data is converted to its final
form at step 103 and stored within a pre-defined memory segment as X,

Next, at step 105, a check is made to see if the desired fixed number of
samples "N" has been taken. If the answer is found to be negative, step 106 is
accessed where the interrupt authorizing the digitization of the succeeding sample
is enabled and the program returns from interrupt at step 107 for completing the
rest of the digitizing process. However, if the answer at step 105 is found to be
positive, i.e., the desired number of samples have alrcady been obtained, a flag
indicating the same is set at step 108 and the program returns from interrupt at
step 109.

Referring now to FIG. S, there is shown the sequential procedure involved
in executing the routine, designated <s "EXEC", which performs the mathematical
steps involved in the correlation process. The routine is started at step 110. At
step 111, all interrupts are disabled while CPU initialization occurs. At step 112,
any constants associated with the sampling process are set and, at step 113,
communications protocols, if any, for exchange of processed data and associated
results, bad rates, interrupt masks, etc. are defined.

At step 114, the reset unit indicating the presence of a bill is reset for
detecting the presence of the first bill to be scanned. At step 115, the start-of-
note interrupt is enabled to put the system on the loox out for the first incoming
bill. Subsequently, at step 116, all other related interrupts are also enabled since,
at this point, the initialization process has been completed and the system is
ready to begin scanning bills. A check is made at step 117 to see if, in fact, all
the desired number of samples have been obtained. If the answer at step 117 is
found to be negative the program loops until a positive answer is obtained.

In accordance with this invention, a simple correlation procedure is
utilized for processing digitized reflectance values into a form which is
conveniently and accurately compared to corresponding values pre-stored in an

identical format. More specifically, as a first step, the mean value X for the set of

digitized reflectance samples (comparing "n" samples) obtained for a bill scan run

is first obtained as below:
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X1 (1)
n

Subsequently, a normalizing factor Sigma "¢" is determined as being
equivalent to the sum of the square of the difference between each sample and
the mean, as normalized by the total number n of samples. More specifically, the
normalizing factor is calculated as below:

n _¥l2
o= ¥ XXl (2)
1=0 n
5 In the final step, each reflectance sample is normalized by obtaining the

difference between the sample and the above-calculated mean value and dividing
it by the square root of the normalizing factor Sigma "¢" as defined by the

following equation:

Xi-X
%o Torw )

The result of using the above correlation equations is that, subsequent to
10 the normalizing process, a relationship of correlation exists between a test pattern
and a master pattern such that the aggregate sum of the products of
corresponding samples in a test pattern and any master pattern, when divided by
the total number of samples, equals unity if the patterns are identical. Otherwise,
a value less than unity is obtained. Accordingly, the correlation number or factor
15 resulting from the comparison of normalized samples within a test pattern to
those of a stored master pattern provides 4 clear indication of the de:gree of
similarity or correlation between the two patterns.
According to a preferred embodiment of this invention, the fixed number
of reflectance samples which are digitized and normalized for a bill scan is

20 selected to be 64. It has experimentally been found that the use of higher binary
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orders of samples (such as 128, 256, etc.) does not provide a correspondingly
increased discrimination efficiency relative to the increased processing time
involved in implementing the above-described correlation procedure. It has also
been found that the use of a binary order of samples lower than 64, such as 32,
produces a substantial drop in discrimination efficiency.

The correlation factor can be represented conveniently in binary terms for
ease of correlation. In a preferred embodiment, for instance, the factor of unity
which results when a hundred percent correlation exists is represented in terms of
the binary number 2'°, which is equal to a decimal value of 1024. Using the
above procedure, the normalized samples within a test pattern are compared to
each of the 16 master characteristic patterns stored within the system memory in
order to determine the particular stored pattern to which the test pattern
corresponds most closely by identifying the comparison which yields a correlation
number closest to 1024,

According to a feature of this invention, a bi-level threshold of correlation
is required to be satisfied before a particular call is made, for at least certain
denominations of bills. More specifically, the correlation procedure is adapted to
identify the two highest correlation numbers resulting from the comparison of the
test pattern to one of the stored patterns. At that point, a minimum threshold of
correlation is required to be satisfied by these two correlation numbers. It has
experimentally been found that a correlation number of about 850 serves as a
good cut-off threshold above which positive calls may be made with a high degree
of confidence and below which the designation of a test pattern as corresponding
to any of the stored patterns is uncertain. As a second thresholding level, a
minimum separation is prescribed between the two highest correlation numbers
before making a call. This ensures that a positive call is made only when a test
pattern does not correspond, withir a given range of correlation, to more than
one stored master pattern. Preferably, the minimum separation between
correlation numbers is set to be 150 when the highest correlation number is
between 800 and 850. When the highest correlation number is below 800, no call
is made.
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Returning now to FIG. 5, the correlation procedure is initiated at step 119
where a routine designated as "PRCCESS" is accessed. The procedure involved
in executing this routine is illustrated at FIG. 6A which shows the routine starting
at step 130. At step 131, the mean X is calculated on the basis of Equation (1).
At step 132 the sum of the squares is calculated in accordance with Equation (2).
At step 133, the digitized values of the reflectance samples, as represented in
integer format XIN, are converted to floating point format XFLOAT for further
processing. At step 134, a check is made to see if all samples have been
processed and if the answer is found to be positive, the routine ends at step 135
and the main program is accessed again. If the answer at step 134 is found to be
negative, the routine returns to step 132 where the above calculations are
repeated.

At the end of the routine PROCESS, the program returns to the routine
EXEC at step 120 where the flag indicating that all digitized reflectance samples
have been processed is reset. Subsequently, at step 121, a routine designated as
"SIGCAL" is accessed. The procedure involved in executing this routine is
illustrated at FIG. 6B which shows the routine starting at step 140. At step 141,
the square root of the sum of the squares, as calculated by the routine
PROCESS, is calculated in accordance with Equation (2). At step 142, the
floating point values calculated by the routine PROCESS are normalized in
accordance with Equation (3) using the calculated values at step 141. At step
143, a check is made to see if all digital samples have been processed. If the
answer at step 143 is found to be negative, the program returns to step 142 and
the conversion is continued until all samples have been processed. At that point,
the answer at step 143 is positive and the routine returns to the main program at
step 144,

Returning to the flow chart of FIG. 5, the next step to be executed is step
122 where a routine designated as "CORREL" is accessed. The procedure
involved in executing this routine is illustrated at FIG. 7 which shows the routine
starting at 150. At step 151, correlation results are initialized to zero and, at step
152, the test pattern is compared to the first one of the stored master patterns.
At step 153, the first call corresponding to the highest correlation number
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obtained up to that point is determined. At step 154, the second call
corresponding to the second highest correlation number obtained up to that point
is determined. At step 155, a check is made to see if the test pattern has been
compared to all master patterns. If the answer is found to be negative, the
routine reverts to step 152 where the comparison procedure is reiterated. When
all master patterns have been compared to the test pattern, step 155 yields a
positive result and the routine returns to the main program at step 156.

Returning again to FIG. §, step 124 is accessed where a routine designated
as "SEROUT" is initiated. The procedure involved in executing the routine
SEROUT is illustrated at FIG. 8 which shows the routine as starting at step 160.
Step 161 determines whether the correlation number is greater than 799. If the
answer is negative, the correlation number is too low to identify the denomination
of the bill with certainty, and thus step 162 generates a "no call" code and returns
to the main program at step 163.

An affirmative answer at step 161 advances the system to step 164, which
determines whether the correlation number is greater than 849, An affirmative
answer at step 164 indicates that the correlation number is sufficiently high that
the denomination of the scanned bill can be identified with certainty without any
further checking. Consequently, a "denomination" code identifying the
denomination represented by the stored pattern resulting in the highest
correlation number is generated at step 165, and the system returns to the main
program at step 163.

A negative answer at step 164 indicates that the correlation number is
between 800 and 850. It has been found that correlation numbers within this
range are sufficient to identify $1 and $5 bills, but not other denominations of
bills. Accordingly, a negative response at step 164 advances the system to step
166 which determines whether the difference between the two highest correlation
numbers is greater than 149. If the answer is affirmative, the denomination
identified by the highest correlation number is acceptable, and thus the
"denomination" code is generated at step 165.

If the difference between the two highest correlation numbers is less than

150, step 166 produces a negative response which advances the system to step 167
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to determine whether the highest correlation number identified the bill as either
a $1-bill or a $5-bill. If the answer is affirmative, the highest correlation number
is acceptable as identifying the bill denomination, and thus the "denomination"
code is generated at step 165. A negative response at step 167 indicates that the
bill was not identified as a $1-bill or a $5-bill by the highest correlation number,
the difference between the two highest correlation numbers was less than 150,
and the highest correlation number was less then 850. This combination of
conditions indicates that a positive call cannct be made with a high degree of
confidence, and thus the "no call" code is generated at step 162.

One problem encountered in currency recognition and counting systems of
the above-described kind is the difficulty involved in interrupting (for a variety of
reasons) and resuming the scanning and counting procedure as a stack of bills is
being scanned. If a particular currency recognition unit (CRU) has to be halted
in operation due to a "major" system error, such as a bill being jammed along the
transport path, there is generally no concern about the outstanding transitional
status of the overall recognition and counting process. However, where the CRU
has to be halted due to a "minor" error, such as the identification of a scanned
bill as being a counterfeit (based on a variety of monitored parameters which are
not pertinent to the present disclosure) or a "no call" (a bill which is not
identifiable as belonging to a specific currency denomination based on the
plurality of stored master patterns and/or other criteria), it is desirable that the
transitional status of the overall recognition and counting process be retained so
that the CRU may be restarted without any effective disruptions of the
recognition/counting process.

More specifically, once a scanned bill has been identified as a "no call" bill
(B,) based on some set of predefined criteria, it is desirable that this bill B, be
transported directly to the system stacker and the CRU brought to a halt with bill
B, remaining at the top-most stacker position while, at the same time, ensuring
that the following bills are maintained in positions along the bill transport path
whereby CRU operation can be conveniently resumed without any disruption of

the recognition/counting process.
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Since the bill processing speeds at which currency recognition systems must
operate are substantially high (speeds of the order of about 1000 bills per minute
are desirable), it is practically impossible to totally halt the system following a "no
call" without the following bill B, already being transported under the optical
scanhead and partially scanned. As a result, it is virtually impossible for the
CRU system to retain the transitional status of the recognition/counting process
(particularly with respect to bill B,) in order that the process may be resumed
once the bad bill B, has been transported to the stacker, conveniently removed
therefrom, and the system restarted. The basic problem is that if the CRU is
halted with bill B, only j-artially scanned, there is no possibility of referencing the
data reflectance samples extracted therefrom in such a way that the scanning may
be later continued (when the CRU is restarted) from exactly the same point
where the sample extraction process was interrupted when the CRU was stopped.

Even if an attempt were made at immediately halting the CRU system
following a “no call," any subsequent scanning of bills would be totally unreliable
because of mechanical backlash effects and the resultant disruption of the optical
encoder routine used for bill scanning. Consequently, when thie CRU is restarted,
the call for the following bill is also likely to be bad and the overall
recognition/counting process is totally disrupted as a result of an endless loop of
"no calls.".

According to an important feature of the present invention, the above
problems are solved by an improved currency detecting and counting technique
whereby a scanned bill identified as a "no call" is transported directly to the top
of the system stacker and the CRU is halted without adversely affecting the data
collection and processing steps for a succeeding bill. Accordingly, when the CRU
is restarted, the overali bill recognition and counting procedure can be resumed
without any disruption as if the CRU had never been halted at all.

According to the improved currency detecting/counting technique, the
CRU is operated in the normal fashion described above in detail, whereby an
incoming bill is scanned and processed in order to make a call as to the bill
denomination. If the bill is identified as a "no call" based on any of a variety of

conventionaliy defined bill criteria (such as the criteria in FIG. 8), the CRU is
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subjected to a controlled deceleration process whereby the CRU operating speed,
i.e., the speed at which test bills are moved across the system scanhead along the
bill transport path, is reduced from its normal operating level. During this
deceleration process the "no call" bill (B,) is transported to the top of the stacker
and, at the same time, the following bill B, is subjected to the standard scan and
processing procedure in order to identify the denomination thereof,

The rate of deceleration is such that optical scanning of bill B, is
completed by the time the CRU operating speed is reduced to a predefined
operating speed. While the exact operating speed at the end of the scanning of
bill B, is not critical, the objective is to permit complete scanning of bill B,
without subjecting it to backlash effects that would result if the ramping were too
fast while, at the same time, ensuring that the bill B, has in fact been transported
to the stacker in the meantime.

It has experimentally been determined that at nominal operating speeds of
the order of 1000 bills per minute, the deceleration is preferably such that the
CRU operating speed is reduced to about one-third of its normal operating speed
at the end of the deceleration phase, i.e., by the time optical scanning of bill B,
has been completed. It has been determined that at these speed levels, positive
calls can be made as to the denomination of bill B, based on reflectance samples
gathered during the decleration phase with a relatively high degree of certainty
(i.e., with a correlation number exceeding about 850.)

Once the optical scanning of bill B, has been completed, the speed is
reduced to an even slower speed until the bill B, has passed pill-edge sensors S1
and S2 described below whereby it is then brought to a complete stop. At the
same time, the results of the processing of scanned data corresponding to bill B,
are stored in system memory. The ultimate result of this stopping procedure is
that the CRU is brought to a complete halt following the point where the
scanning of bill B, has been reliably completed since the scan procedure is not
subjected to the disruptive effects (backlash, etc.) which would result if a
complete halt were attempted immediately after bill B, is identified as a "no call."

More importantly, the reduced operating speed of the machine at the end
of the deceleration phase is such that the CRU can be brougnt to a total halt
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before the next following bill B, has been transported over the optical scanhead.
Thus, when the CRU is in fact halted, bill B, is positioned at the top of the
system stacker, bill B, is maintained in transit between the optical scanhead and
the stacker after it has been subjected to scanning, and the following bill B, is
stopped short of the optical scanhead.

When the CRU is restarted, presumably after corrective action has been
taken responsive to the "minor" error which led to the CRU being stopped (such
as the removal of the "no call” bill from the top of the stacker), the overall bill
recognition/counting operation can be resumed in an uninterrupted fashion by
using the stored call results for bill B, as the basis for updating the system count
appropriately, moving bill B, from its earlier transitional position along the
transport path into the stacker, and moving bill B, along the transport path into
the optical scanhead area where it can be subjected to normal scanning and
processing. A routine for executing the deceleration/stopping procedure
described above is ilstrated by the flow chart in FIG. 8A. This routine is
initiated at step 170 with the CRU in its normal operating mode. At step 171, a
test bill B, is scanned and the data reflectance samples resulting therefrom are
processed. Next, at step 172, a determination is made as to whether or not test
bill B, is a "no call" using predefined criteria in combination with the overall bill
recognition procedure, such as the routine of FIG. 8. If the answer at step 172 is
negative, i.e., the test bill B, can be identified, step 173 is accessed where normal
bill processing is continued in accordance with the procedures described above.
If, however, the test bill B, is found to be a "no call" at step 172, step 174 is
accessed where CRU deceleratior: is initiated, e.g., the transport drive motor
speed is reduced to about one-third its normal speed.

Subsequently, the “no call" bill B, is guided to the stacker while, at the
same time, the following test bill B, is brought under the optical scanhead and
subjected to the scanning 2nd processing steps. The call resulting from the
scanning and processing of bill B, is stored in system memory at this point. Step
175 determines whether the scanning of bill B, is complete. When the answer is
negative, step 176 determines whether a preselected "bill timeout" period has

expired so that the system does not wait for the scanning of @ bill that is not
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present. An affirmative answer at step 176 returns the system to the main
program at step 175 while a negative answer at step 176 causes steps 175 and 176
to be reiterated until one of them produces an affirmative response.

An affirmative response at step 175 causes step 177 to further reduce the
speed of the transport drive motor, i.e., to one-sixth the normal speed. Before
stopping the transport drive motor, step 178 determines whether either of the
sensors S1 or S2 (described below) is covered by a bill. A negative answer at
step 178 indicates that the bill has cleared both sensors S1 and S2, and thus the
transport drive motor is stopped at step 179. This signifies the end of the
deceleration/stopping process. At this point in time, bill B, remains in transit
while the following bill B, is stopped on the transport path just short of the
optical scanhead.

Foilowing step 179, corrective action responsive to the identification of a
"no call" bill is conveniently undertaken; the top-most bill in the stacker is easily
removed therefrom and the CRU is then in condition {cr resuming the
recognition/counting process. Accordingly, the CRU can be restarted and the
stored results corresponding to bill B,, are used to appropriately update the
system count. Next, the identified bill B, is guided along the transport path to
the stacker, and the CRU continues with its normal processing routine.

Referring now to FIGS. 9A-C there are shown three test patterns
generated, respectively, for the forward scanning of a $1 bill along its green side,
the reverse scanning of a $2 bill on its green side, and the forward scanning of a
$100 bill on its green side. It should be noted that, for purposes of clarity the test
patterns in FIGS. 9A-C were generated by using 128 reflectance samples per bill
scan, as opposed to the preferred use of only 64 samples. The marked difference
existing between corresponding samples for these three test patterns is indicative
of the high degree of confidence with which currency denominations may be
called using the foregoing optical sensing and correlation procedure.

The optical sensing and correlation technique described above permits
identification of pre-programmed currency denominations with a high degree of
accuracy and is based upon a relatively low processing time for digitizing sampled

reflectance values and comparing them to the master characteristic patterns. The
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approach is used to scan currency bills, normalize the scanned data and generate
master patterns in such a way that bill scans during operation have a direct
correspondence between compared sample points in portions of the bills which
possess the most distinguishable printed indicia. A relatively low number of
reflectance samples is required in order to be able to adequately distinguish
between several currency denominations.

A major advantage with this approach is that it is not required that
currency bills be scanned along their wide dimensions. Further, the reduction in
the number of samples reduces the processing time to such an extent that
additional comparisons can be made during the time available between the
scanning of successive bills. More specifically, as described above, it becomes
possible to comnipare a test pattern with two or more stored master characteristic
patterns so that the system is made capable of identifying currency which is
scanned in the "forward" or "reverse" directions along the green surface of the
bill.

Another advantage accruing from the reduction in processing time realized
by the present sensing and correlation scheme is that the response time involved
in either stopping the transport of a bill that has been identified as "spurious", i.e.,
not corresponding to any of the stored master charactcristic patterns, or diverting
such a bill to a separate stacker bin, is correspondingly shortened. Accordingiy,
the system can conveniently be programmed to set a flag when a scanned pattern
does not correspond to any of the master patterns. The identification of such a
condition can be used to stop the bill transport drive motor for the mechanism.
Since the optical encoder is tied to the rotational movement of the drive motor,
synchronism can be maintained between pre- and post-stop conditions. In the
dual-proc=ssor implementation discussed above, the information concerning the
identification of a "spurious" bill would be included in the information relayed to
the general processor unit which, in turn, would control the drive motor
appropriately.

The correlation procedure and the accuracy with which a denomination is
identified directly relates to the degree of correspondence between reflectance

samples on the test pattern and corresponding samples on the stored master
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patterns. Thus, shrinkage of "used" bills which, in turn, causes corresponding
reductions in their narrow dimensions, can possibly produce a drop in the degree
of correlation between such used bills of a given denomination and the
corresponding master patterns. Currency bills which have experienced a high
degree of usage exhibit such a reduction in both the narrow and wide dimensions
of the bills. While the sensing and correlation technique of this invention
remains relatively independent of any changes in the wide dimensio. of bills,
reduction along the narrow dimension can affect correlation factors by realizing a
relative displacement of reflectance samples obtained as the "shrunk” bills are
transported across the scanhead.

In order to accommodate or nullify the effect of such narrow dimension
shrinking, the above-described correlation technique can be modified by use of a
progressive shifting approach whereby a test pattern which does not correspond to
any of the master patterns is partitioned into predefined sections, and samples in
successive sections are progressively shifted and compared again to the stored
patterns in order to identify the denomination. It has experimentally been
determined that such progressive shifting effectively counteracts any sample
displacement resulting from shrinkage of a bill along its narrow dimension.

The progressive shifting effect is best illustrated by the correlation patterns
shown in FIGS. 10A-D. For purposes of claritv, the illustrated patterns were
generated using 128 samples for each bill scan as compared to the preferred use
of 64 samples. FIG. 10A shows the correlation between a test pattern
(represented by a heavy line) and a corresponding master pattern (represented by
a thin line). It is clear from FIG. 1CA that the degree of correlation between the
two patterns is relatively low and exhibits a correlation factor of 606.

The manner in which the correlation between these patterns is increased
by employing progressive shifting is best illustrated by considering the correlation
at the reference points designated as A-E along the axis defining the number of
samples. The effect on correlation produced by "single" progressive shifting is
shown in FIG. 10B which shows "single" shifting of the test pattern of FIG. 10A.
This is effected by dividing the test pattern into two equal segments each

comprising 64 samples. The first segment is retained without any shift, whereas
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the second segment is shifted by a factor of one data sample. Under these
conditions, it is found that the correlation factor at the reference points located in
the shifted section, particularly at point E, is improved.

FIG. 10C shows the effect produced by "double" progressive shifting
whereby sections of the test pattern are shifted in three stages. This is
accomplished by dividing the overall pattern into three approximately equal sized
sections. Section one is not shifted, section two is shifted by one data sample (as
in FIG. 10B), and section three is shifted by a factor of two data samples. With
"double" shifting, it can be seen that the correlation factor at point E is further
increased.

On a similar basis, FIG. 10D shows the effect on correlation produced by
"triple" progressive shifting where the overall pattern is first divided into four (4)
approximately equal sized sections. Subsequently, section one is rstained without
any shift, section two is shifted by one data sample, section three is shifted by two
data samples, and section four is shifted by three data samples. Under these
conditions, the correlation factor at point E is seen to have increased again.

FIG. 10E shows the effect on correlation produced by "quadruple” shifting,
wiiere the pattern is first divided into five (5) approximately equal sized sections.
The first four (4) sections are shifted in accordance with the "triple" shifting
approach of FIG. 10D, whereas the fifth section is shifted by a factor of four (4)
data samples. From FIG. 10E it is clea: that the correlation at point E is
increased almost to the point of superimposition of the compared data samples.

The advantage of using the progressive shifting approach, as opposed to
merely shifting by a set amount of data samples across the overall test pattern, is
that the improvement in correlation achieved in the initial sections of the pattern
as a result of shifting is not neutralized or offset by any subsequent shifts in the
test pattern. It is apparent from the above figures that the degree of correlation
for sample points falling within the progressively shifted sections increases
correspondingly.

More importantly, the progressive shifting realizes substantial increases in
the overall correlation factor resulting from pattern comparison. For instance,
the original correlation factor of 606 (FIG. 10A) is increased to 681 by the
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"single" shifting shown in FIG. 10B. The "double" shifting shown in FIG. 10C
increases the correlation number to 793, the "triple" shifting of FIG. 10D
increases the correlation number to 906, and, finally, the "quadruple" shifting
shown in FIG. 10E.increases the overall correlation number to 960. Using the
above approach, it has been determined that used currency bills which exhibit a
high degree of narrow dimension shrinkage and which cannot be accurately
identified as belonging to the correct currency denomination when the correlation
is performed without any shifting, can be identified with a high degree of
certainty by using progressive shifting approach, preferably by adopting "triple" or
"quadruple"” shifting.

Referring now to FIG. 11, there is shown apparatus 210 for currency
discrimination and counting which embodies the principles of the present
invention. The apparatus comprises a housing 212 which includes left and right
hand sidewalls 214 and 216, respectively, a rear wall 218, and a top surface
generally designated as 220. The apparatus has a front section 222 which
cbmprises a generally vertical forward section 224 and a forward sloping section
225 which includes side sections provided with control panels 226A and 226B
upon which various control switches for operating the apparatus, as well as
associated display means, are mounted.

For accepting a stack of currency bills 228 (FIG. 12) which have to be
discriminated according to denomination, an input bin 227 is defined on the top
surface 220 by a downwardly sloping support surface 229 on which are provided a
pair of vertically disposed side walls 230, 232 linked together by a vertically
disposed front wall 234. The walls 230, 232 and 234, in combination with the
sloping surface 229, define an enclosure where the stack of currency bills 228 is
positioned.

From the input bin, currency bills are moved along a tri-sectional transport
path which includes an input path where bills are moved along a first direction in
a substantially flat position, a curved guideway where bills are accepted from the
input path and guided in such a way as to change the direction of travel to a
second different direction, and an output path where the bills are moved in a flat

position along the second different direction across currency discrimination means
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located downstream of the curved guideway, as will be described in detail below.
In accordance with the improved optical sensing and correlation technique of this
invention, the transport path is defined in such a way that currency bills are
accepted, transported along the input path, the curved guideway, and the output
path, and stacked with the narrow dimension "W" of the bills being maintained
parallel to the transport path and the direction of , -Jvement at all times.

The forward sloping section 225 of the document handling apparatus 210
includes a platform surface 235 centrally disposed between the side walis 214, 216
and is adapted to accept currency bills which have been processed through the
currency discrimination means for delivery to a stacker plate 242 where the
processed bills are stacked for subsequent removal. More specifically, the
platform 235 includes an associated angular surface 236 and is provided with
openings 237, 237A from which flexible blades 238A, 240A of a corresponding
pair of stacker wheels 238, 240, respectively, extend outwardly. The stacker
wheels are supported for rotational movement about a stacker shaft 241 disposed
about the angular surface 236 and suspended across the side walls 214 and 216.
The flexible blades 238A, 240A of the stacker wheels cooperate with the stacker
platform 235 and the operings 237, 237A to pick up currency bills delivered
thereto. The blades operate to subsequently deliver such bills to a stacker plate
242 wiiich is linked to the angular surface 236 and which also accommodates the
stacker wheel openings and the wheels projecting therefrom. During operation, a
currency bill which is delivered tc the stacker platform 235 is picked up by the
flexible blades and becomes lodged between a pair of adjacent blades which, in
combination, define a curved enclosure which decelerates a bill entering therein
and serves as a means for supporting and transferring the bill from the stacker
platform 235 onto the stacker plate 242 as the stacker wheels rotate. The
mechanical configuration of the stacker wheels and the flexible blades provided
thereupon, as well as the manner in which they cooperate with the stacker
platform and the stacker plate, is conventional and, accordingly, is not described
in detail herein.

The bili handling and counting apparatus 210 is provided with means for

picking up or "stripping" currency bills, one at a time, from bills that are stacked
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in the input bin 227. In order to provide this stripping action, a feed roller 246 is
rotationally suspended about a drive .haft 247 which, in turn, is supported across
the side walls 214, 216. The feed rolier 246 projec!s through a slot provided on
the downwardly sloping surface 229 of the input bin 227 which def* s the input
path and is in the form of an eccentric roller at least a part of the periphery of
which is provided with a relatively high friction-beariny surface 246A. The
surface 246A is adapted to engage the bottom bill of the bill s-:ick 228 as the
roller 246 rotates; this initiates the advancement of the bottom bill along the feed
direction represented by the arrow 247B (see¢ FIG. 13). The eccentric surface of
the feed roller 246 essentially “jogs" the bill stack once per revolution sc as to
agitate and loosen the bottom currency bill within the stack, thereby facilitating
the advancement of the bottom bill along the feed direction.

The action of the feed roller 24 is supplemented by the provision of a
capstan or drum 248 which is suspended for rotational movement about a capstan
drive shaft 249 which, in turn, is supported across the side walls 214 and 216.
Preferably, the capstan 248 comprises a centrally disposed friction roller 248A
having a smooth surface and formed of a friction-bearing material such as rubber
or hard plastic. The friction roller is sandwiched between a pair of capstan
rollers 248B and 248C, at least a part of the external peripheries of which are
provided with a high friction-bearing surface 248D.

The friction surface 248D is ak.n to the friction surface 246A provided on
the feed roller and permits the capstan rollers to fricticnally advance the bottom
bill along the feed direction. Preferably, the rotational movement of the capstan
248 and the feed roller 246 is synchronized in such a way that the frictional
surfaces provided on the pcripheries of the capstan and the feed roller rotate in
unison, thereby inducing complimentary frictional contact with the bottom bill of
the bill stack 228.

In order to ensure active contact between the capstan 248 and a currency
bill which is jogged by the feed roller 246 and is in the process of being advanced
frictionally by the capstan rollers 248B, 248C, a pair of picker rollers 252A, 252B,
are provided for exerting a consistent downward force onto the leading edges of

the currency bills stationed in the input bin 227. The picker rollers are supported
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on corresponding picker arms 254A, 254B which, in turn, are supported for
arcuate movement about a support shaft 256 suspended across the side walls of
the apparatus. The picker rollers are free wheeling about the picker arms and
when there are no currency bills in contact with the capstan 248, bear down upon
the friction roller 248A and, accordingly, are induced into counter-rotation
therewith. w2+ °r, when currency bills are present and are in contact with the
capstan 245, the i:cker rollers bear down into contact with the leading edges of
the currency bills and exert a direct downward force on the bills since the
rotational movement of rollers is inhibited. The result is that the advancing
action brought about by contact between the friction-bearing surfaces 248D on
the capstan rollers 248B, 248C is accentuated, thereby facilitating the stripping
away of a single currency bill at a time from the bill stack 228.

In between the picker arms 254A, 254B, the support shaft 256 also
supports a separator arm 260 which carries at its end remote from the shaft a
stationary stripper shoe 258 which is provided with a frictional surface which
imparts a frictional drag upon bills onto which the picker rollers bear Jown. The
separator arm is mounted for arcuate movement about the support shaft 256 and
is spring loaded in such a way as to bear down with a selected amount of force
onto the capstan.

In operation, the picker rollers rotate with the rotational movement of the
friction roller 248A due to their free wheeling nature until the leading edges of
one or more currency bills are encountered. At that point, the rotaiional
movement of the picker rollers stops and the leading edges of the bills are forced
into positive contact with the friction bearing surfaces on the periphery of the
capstan rollers. The effect is to furce the bottom bill away from the rest of the
bills along the direction of rotation of the capstan. At the same time, the
separator shoe 258 also bears down on any of the bills that are propelled forward
by the capstan rollers.

The tension on the picker arm 254A is selected to be such that the
downward force exerted upon such a propelled bill allows only a single bill to
move forward. If two or more bills happen to be propelled out of the contact
established between the picker rollers and the capstan rollers, the downward
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force exerted by the spring loaded shoe should be sufficient to inhibit further
forward movement of the bills. The tension under which the picker arm is spring
loaded can be conveniently adjusted to control the downward bearing force
exerted by the shoe in such a way as to compliment the bill stripping action
produced by the picker rollers and the capstan rollers. Thus, the possibility that
more than two bills may be propelled forward at the same time due to the
rotational movement of the capstan is significantly reduced.

The bill transport path includes a curved guideway 270 provided in front
of the capstan 248 for accepting currency bills that have been propelled forward
along the input path defined by the forward section of the sloping surface 229
into frictional contact with the rotating capstan. The guideway 270 includes a
curved section 272 which corresponds substantially to the curved periphery of the
capstan 248 so as to compliment the impetus provided by the capstan rollers
248B, 248C to a stripped currency bill.

A pair of idler rollers 262A, 262B is provided downstream of the picker
rollers for guiding bills propelled by the capstan 248 into the curved guideway
270. More specifically, the idler rollers are mounted on corresponding idler arms
264A, 264B which are mounted for arcuate movement about an idler shaft 266
which, in turn, is supported across the side walls of the apparatus. The idler arms
are spring loaded on the idler shaft so that a selected downward force can be
exerted through the idler rollers onto a stripped bill, thereby ensuring continued
contact between the bill and the capstan 248 until the bill is guided into the
curved section 272 of the guideway 270.

A modified feed mechanism is described in the assignee’s copending
United States patent application Serial No. 07/680,58S, filed April 4, 1991, for
"Feed Arrangement For Currency Handling Machines," which is incorporated
herein by reference.

Downstream of the curved section 272, the bill transport path has an
output path for currency bills. The output path is provided in the form of a flat
section 274 along which bills which have been guided along the curved guideway
270 by the idler rollers 262A, 262B are moved along a direction which is opposite
to the direction along which bills are mover’ »ut of the input bin. The movement
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of bills along the direction of rotation of the capstan, as induced by the picker
rollers 252A, 252B and the capstan rollers 248B, 248C, and the guidance provided
by the section 272 of the curved guideway 270 changes the direction of movement
of the currency bills from the initial movement along the sloping surface 229 of
input bin 227 (see arrow 247B in FIG. 13} to a direction along the flat section
274 of the output path, as best illustrated in FIG. 13 by the arrow 272B.

Thus, a currency bill which is stripped from the bill stack in the input bin
is initially moved along the input path under positive contact between the picker
rollers 252A, 252B and the capstan rollers 248B, 248C. Subsequently, the bill is
guided through the curved guideway 270 under positive contact with the idler
rollers 262A, 262B onto the flat section 274 of the output path.

In the output path, currency bills are positively guided along the flat
section 274 by means of a transport roller arrangement which includes a pair of
axially spaced, positively driven transport rollers 341, 302 which are respectively
disposed on transport shafts 303 and 304 supported across the sidewalls of the
apparatus. The first transport roller 301 includes a pair of projecting cylindrical
sections 301A, 301B which preferably have a high-friction outer surface, such as
by the provision of knurling thereupon. The second transport roller 302 which is
downstream of the first roller along the flat section of the transport path also has
similar cylindrical high-friction knurled sections 302A and 302B.

The flat section 274 is provided with openings through which each of the
knurled sections of the transport rollers 301 and 302 are subjected to counter-
rotating contact with corresponding passive transport rollers 305A, 305B, 306A
and 306B. The passive rollers are mounted below the flat section 274 of the
transport path in such a manner as to be freewheeling about their axes and
biased into counter-rotating contact with the corresponding knurled sections of
the first and second transport rollers. While any appropriate mechanical
suspending and pressuring arrangement may be used for this purpose, in the
illustrative embodiment passive rollers 305SA and 306A are biased into contact
with knurled sections 301A and 302B by means of an H-shaped leaf spring 307.
The rollers are cradled in a freewheeling fashion within each of the two cradle

sections of the spring through a support shat: (not shown) appropriately
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suspended about the spring. The arrangement is such that the leaf spring 307 is
mounted relative to the passive rollers 305A and 306A in such a way that a
controllable amount of pressure is exerted against the rollers and pushes them
against the active rollers 301 and 302. A similar leaf spring/suspension
arrangement is used to mount the other set of passive rollers 305B and 306B into
spring-loaded, freewheeling counter-rotating contact with the knurled sections
301B and 302B of tte active transport rollers 301 and 302.

Preferably, the points of contact between the active and passive rollers are
made coplanar with the output path so that currency bills can be moved or
positively guided along the path in a flat manner under the positive contact o;f
the opposingly disposed active and passive rollers.

The distance between the two active transport rollers and, of course, the
corresponding counter-rotating passive rollers, is selected to be just short of the
length of the narrow dimension of the currency bills that are to be discriminated.
Accordingly, currency bills are firmly gripped under uniform pressure between the
two sets of active and passive rollers within the scanhead area, thereby
minimizing the possibility of bill skew and enhancing the reliability of the overall
scanning and recognition process.

The first active transport roller 301 is driven at a speed substantially
higher than that of the capstan rollers in the feed section. Since the passive
rollers are freewheeling and the active rollers are positively driven, the first
transport roller 301 causes a bill that comes between the roller and its
corresponding passive rollers 305A, 305B along the flat section of the output path
to be pulled into the nip formed between the active and passive rollers (more
specifically, between these passive rollers and the corresponding knurled sections
301A, 301B on the active transport roller). The higher speed of the active
transport roller imparts an abrupt acceleration to the bill which strips the bill
away from any other bills that may have been guided into the curved guideway
along with the particular bill being acted upon by the transport roller.

Currency bills are subsequently moved downstream of the first transport
roller along the flat section into the nip formed between the knurled sections
302A, 302B on the second active transport roller 302 and the corresponding
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passive rollers 306A, 306B with the second active transport roller being driven at
the same speed as that of the first transport roller.

The disposition of the second transport roller is selected to be such that
the positive contact exerted by the cylindrical knurled sections 302A, 302BA on
the second transport roller 302 and the corresponding passive rollers 306A, 306B
upon a currency bill moving along the output path occurs before the bill is
released from the similar positive contact between the knurled sections 301A,
301B on the first transport roller 301 and the corresponding passive rollers 305A,
305B. As a result, the second transport roller 302 and its corresponding passive
rollers 306A, 306B together positively guide a currency bill through the scanhead
area (v'here the transport rollers are located) onto the stacker platform 235, from
where the stacker wheels 238, 240 pick up the bill and deposit it onto the stacker
place 242.

Bills are held flat against the scanhead 18 by means of a plurality of O-
rings 308 which are disposed in corresponding grooves 309 on the transport
roliers 301 and 302. In a preferred arrangement, five such O-rings 308A-E are
used, one at each end of the transport rollers and three in the central regions of
the rollers.

The positive guiding arrangement described above is advantageous in that
uniform guiding pressure is maintained upon bills as they are transported through
the optical scanhead area; more importantly, this is realized without adding
significantly to mechanical complexity. In effect, the bill feeding operation is
made stable, and twisting or skewing of currency bills is substantially reduced.
This positive action is supplemented by the use of the H-spring for uniformly
biasing the. passive rollers into contact with the active rollers so that bill twisting
or skew resulting from differential pressure applied to the bills along the
transport path is avoided. The O-rings 308 function as simple, yet extremely
effective means for ensuring that the bills are held flat. Since the O-rings
constitute standard off-the shelf items, any adjustment of the center distance
between the two active transport rollers can be conveniently accommodated.

Referring now in particular to FIGS. 14 and 15, there are shown side and

top views, respectively, of the document processing apparatus of FIGS. 11-13,
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which illustrate the mechanical arrangement for driving the various means for
transporting currency bills along the three sections of the transport path, i.e.,
along the input path, the curved guideway and the output path. As shown
therein, a motor 320 is used to impart rotational movement to the capstan shaft
249 by means of a belt/pulley arrangement comprising a pulley 321 provided on
the capstan shaft 249 and which is linked to a pulley 322 provided on the motor
drive shaft through a belt 323. The diameter of the driver pulley 321 is selected
to be appropriately larger than that of the motor pulley 322 in order to achieve
the desired speed reduction from the typically high speed at which the motor 320
operates.

The drive shaft 247 for the drive roller 246 is provided with rotary motion
by means of a r *- ’ 324 provided thereupon which is linked to a corresponding
pulley 321 provided on the capstan shaft 249 through a belt 326. The pulleys 324
and 321 are of the same diameter so that the drive roller shaft 247 and, hence,
the drive roller 246, rotate in unison with the capstan 248 mounted on the
capstan shaft 249.

In order to impart rotational movement to the transport rollers, a pulley
327 is mounted on the transport roller shaft 287 corresponding to the first set of
transport rollets and is linked to a corresponding pulley 328 on the capstan shaft
249 through a belt 329. The diameter of the iransport roller pulley 327 is
selected to be appropriately smaller than that of the corresponding capstan pulley
328 so as to realize a stepping-up in speed from the capstan rollers to the
transport rollers. The second set of transport rollers mounted on the transport
roller shaft 288 is driven at the same speed as the rollers on the first set of
transport rollers by means of a pulley 330 which is linked to the transport pulley
327 by means of a belt 325.

As also shown in FIGS. 14 and 15, an optical encoder 299 is mounted on
one of the transport roller shafts, preferably the passively driven transport shaft
288, for precisely tracking the lateral displacement of bills supported by the
transport rollers in terms of the rotational movement of the transport shafts, as
discussed in detail above in connection with the optical sensing and correlation

technique of this invention.
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In order to drive the stacker wheels 238 and 240, an intermediate pulley
330 is mounted on suitable support means (not shown) and is linked to a
corresponding pulley 331 provided on the capstan shaft 249 through a belt 332.
Because of the time required for transporting currency bills which have been
stripped from the currency stack in the input bin through the tri-sectional
transport path and onto the stacker platform, the speed at which the stacker
wheels can rotate for delivering processed bills to the stacker plate is necessarily
less than that of the capstan shaft. Accordingly, the diameter of the intermediate
pulley 333a is selected to be larger than that of the corresponding capstan pulley
331 so as to realize a reriuction in speed. The intermediate pulley 333a has an
associated pulley 333 which is linked to a stacker pulley 334 provided on the drive
shaft 241 for the stacker wheels 238, 240 by means of a belt 335. In the preferred
embodiment shown in FIGS. 11-15, the stacker wheels 238, 240 rotate in the
same direction as the capstan rollers. This is accomplished by arranging the belt
335 between the pulleys 333, 334 in a "Figure-8" configuration about an anchoring
pin 336 disposed between the two pulleys.

The curved section 272 of the guideway 270 is provided on its underside
with an optical sensor arrangemeni 299, including an LED 298, for performing
standard curréncy handling operations such as counterfeit detection using
conventional techniques, doubles detection, length detection, skew detection, etc.
However, unlike conventional arrangements, currency discrimination according to
denomination is not performed in this area, for reasons described below.

According to a feature of this invention, optical scanning of currency bills,
in accordance with the above-described improved optical sensing and correlation
technique, is performed by means of an optical scanhead 296 which is disposed
downstream of the curved guideway 270 along the flat section 274 of the output
path. More specifically, the scanhead 296 is located under the flat section of the
output path between the two sets of transport rollers. The advantage of this
approach is that optical scanning is performed on bills when they are maintained
in a substantially flat position as a result of positive contact between the two sets

of transport rollers at both ends of the bill along their narrow dimension.
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It should be understood that the above-described drive arrangement is
provided for illustrative purposes only. Alternate arrangements for imparting the
necessary rotational movement to generate movement of currency bills along the
tri-sectional transport path can be used just as effectively. It is important,
however, that the surface speed of currency bills across the two sets of transport
rollers be greater than the surface speed of the bills across the capstan rollers in
order to achieve optimum bill separation. It is this difference in speed that
generates the abrupt acceleration of currency bills as the bills come into contact
with the first set of transport rollers.

The drive arrangement may also include a one-way clutch (not shown)
provided on the capstan shaft and the capstan shafts, the transport roller shafts
and the stacker wheel shafts may be fitted with fly-wheel arrangements (not
shown). The combination of the one-way clutch and the fly wheels can be used
to advantage in accelerated batch processing of currency bills by ensuring that any
bills remaining in the transport path after currency discrimination are
automatically pulled off the transport path into the stacker plate as a result of the
inertial dynamics of the fly wheel arrangements.

As described above, implementation of the optical sensing and correlation
technique of this invention requires only a relatively low number of reflectance
samples in order to 'adecju:iiéiy distinguish between several currency
denominations. Thus, highly accurate discrimination becomes possible even
though currency bills are scanned along their narrow dimension. However, the
accuracy with which a denomination is identified is based on the degree of
correlation between reflectance samples on the tect pattern and corresponding
samples on the stored master patterns. Accordingly, it is important that currency
bi'ls be transported across the discrimination means in a flat position and, more
importantly, at a uniform speed.

This is achieved in the bill handling apparatus of FIGS. 11-15, by
positioiiing the optical scanhead 296 on one side of the flat section 274 of the
output path between the two sets of transport rollers. In this area, currency bills
are maintained in positive contact with the two sets of rollers, thereby ensuring

that the bills move across the scanhead in a substantially flat fashion. Further, a
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uniform speed of bill movement is maintained in this area because the second set
of passive transport rollers is driven at a speed identical to that of the active
transport rollers by means of the drive connection between the two sets of rollers.
Disposing the optical scanhead 296 in such a fashion downstream of the curved
guidewav 270 along the flat section 274 maintains a direct correspondence
between reflectance samples obtained by the optically scanning of bills to be
discriminated and the corresponding samples in the stored master patterns.

According to a preferred embodiment, the optical scanhead comprises a
plurality of light sources acting in combination to uniformly illuminate light strips
of the desirea dimension upon currency bills positioned on the transport path
below the scanhead. As illustrated in FIGS. 17-18, the scanhead 296 includes a
pair of LEDs 340, 342, directing beams of light 341A and 343B, respectively, onto
the flat section 274 of the output path against which the scanhead is positioned.
The LEDs 340, 342 are angularly disposed relative to the vertical axis Y in such a
way that their respective light beams combine to illuminate the desired light strip.
The scanhead 296 includes a photodetector 346 centrally disposed on an axis
normal to the illuminated strip for sensing the light reflected off the strip. The
photodetector 346 is linked to a central processing unit (CPU)(not shown) for
processing the sensed data in accordance with the above-described principles of
this invention. Preferably, the beams of light 340A, 340B from the LEDs 340,
342, respectively, are passed through an optical mask 345 in order to realize the
illuminated strips of the desired dimensions.

In order to capture reflectance samples with high accuracy, it is important
that the photodetector capture reflectance data uniformly across the illuminated
strip. In other words, when the photodetector 346 is positioned on an axis
passing through the center of the illuminated strip, the illumination by the LED’s
as a function of the distance from the central point "0" along the X axis, should
optimally approximate a step function as illustrated by the curve A in FIG. 19.
With the use of a single light source angularly displaced relative to the vertical,
the variation in illumination by an LED typically approximates a Gaussian
function, as illustrated by the curve B in FIG. 19.
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In accordance with a preferred embodiment, the two LEDs 340 and 342
are angularly disposed relative to the vertical axis by angles @ and g, respectively.
The angles a and B are selected to be such that the resultant strip illumination by
the LED’s is as close as possible to the optimum distribution curve A in FIG. 19.
According to a preferred embodiment, the angles @ and g are each selected to be
19.9 degrees. The LED illumination distribution realized by this arrangement is
illustrated by the curve designated as "C" in FIG. 19 which effectively merges the
individual Gaussian distributions of each light source to yield a composite
distribution which sufficiently approximates the optizaum curve A.

The manner in which the plurality of light strips of different dimensions
are generated by the optical scanhead by means of an optical mask is illustrated
in FIG. 16-18. As shown therein, the optical mask 345 essentially comprises a
generally opaque area in which two slits 354 and 356 are formed to allow light
from the light sources to pass through so as to illuminate light strips of the
desired dimensions. More specifically, slit 354 corresponds to the wide strip used
for obtaining the reflectance samples which correspond to the characteristic
pattern for a test bill. In a preferred embodiment, the wide slit 354 has a length
of about 0.500" and a width of about 0.050". The second slit 356 forms a
relatively narrow illuminated strip used for detecting the thin borderline
surrounding the printed indicia on currency bills, as described above in detail. In
a preferred embodiment, the narrow slit 356 has a length of about 0.300" and a
width of about 0.010".

It is preferred that a separate pair of light sources 340 and 342 be
provided for each of the two slits 354 and 356. Thus, as can be seen in FIGS. 17
and 18, a first pair of LED’S 340A and 342A are provided for the narrow slit, and
a second pair of LED’s 340B and 342B are provided for the second slit.

Similarly, two separate photodetectors 346A and 346B are provided for detecting
reflected light from the two slits. As can be seen in FIGS. 17 and 18, the channel
for transmitting reflected light from the narrow slit to the photodetector 346A is
narrower in the transverse direction than the channel for transmitting reflected
light from the wide slit to the photodetector 346B.
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According to another feature of the present invention, the undersigned
doubling or overlapping of bills in the transport system is detected by the
provision of a pair of optical sensors which are co-linearly disposed opposite to
each other within the scan head area along a line that is perpendicular to the
direction of bill flow, i.e., parallel to the edge of test bills along their wide
dimensions as the bills are transported across the optical scan head.

As best illustrated in FIG. 20, the pair of optical sensors S1 and S2 (having
corresponding light sources and photodetectors which are not shown here) are co-
linearly disposed within the scan head area in close parallelism with the wide
dimension edges of incoming test bills. In effect, the optical se .sors S1 and S2
are disposed opposite each other along a line within the scan head area which is
perpendicular to the direction of bill flow.

It should be noted that FIGS. 11, 13 and 15 also include an illustration of
the physical disposition of the sensors S1 and S2 within the optical scanhead area
of the currency recognition and counting apparatus. For purposes of clarity, the
sensors S1 and S2 are represented only in the form of blocks which correspond to
the light sources associated with the sensors. Although not illustrated in the
drawings, it should be noted that corresponding photodetectors (not shown) are
provided within the scanhead area in immediate opp.sition to the corresponding
light sources and underneath the flat section of the transport path. These
detectors detect the beam of coherent light directed downwardly onto the bill
transport path from the light sources corresponding to the sensors S1 and S2 and
generate an analog output which corresponds to the sensed light. Each such
output is.converted into a digital signal by a conventional ADC convertor unit
(not shown) whose output is fed as a digital input to and processed by the system
CPU (not shown), in a manner similar to that indicated in the arrangement of
FIG. 1.

The presence of a bill which passes under the sensors S1 and S2 causes a
change in the intensity of the detected light, and the corresponding change in the
analo? output of the detectors serves as a convenient means for density-based
measurements for detecting the presence of "doubles" {two or more overlaid or

overlapped bills) during the currency recognition and counting process. For
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instance, the sensors may be used to collect a predefined number of density
measurements on a test bill, and the average density value for a bill may be
compared to predetermined density thresholds (based, for instance, on
standardized density readings for master bills) to deiermine the presence of
overlaid bills or doubles.

A routine for using the outputs of the two sensors S1 and S2 to detect any
doubling or vverlapping of bills is illustrated in FIG. 21. This routine starts when
the denomination of a scanned bill has been determined at step 401, as described
previously. To permit variations in the sensitivity of the density measurement, a
"density setting choice" is retrieved from memory at step 402. The operator
makes this choice manually, according to whether the bills being scanned are new
bilis, requiring only a high degree of sensitivity, or used bills, requiring a lower
level of sensitivity. After the "density setting choice" has been retrieved, the
system then proceeds through a series of steps which establish a density
comparison value according to the denomination of the bill. Thus, step 403
determines whether the bill has been identified as a $20-bill, and if the answer is
affirmative, the $20-bill density comparison value is retrieved from memory at
step 404. A negative answer at step 403 advances the system to step 405 to
determine whether the bill has been identified as a $100-bill, and if the answer is
affirmative, the $100-bill density comparison value is retrieved from memory at
step 406. A negative answer at step 405 advances the system to step 407 where a
general density comparison value, for all remaining bill denominations, is
retrieved from memory.

At step 408, the density comparison value retrieved at step 404, 406 or 407
is compared to the average density represented by the output of sensor S1. The
result of this comparison is evaluated at step 409 to determine whether the
output of sensor S1 identifies a doubling of bills for the particular denomination
of bill determined at step 401. If the answer is negative, the system returns to the
main program. If the answer is affirmative, step 410 then compares the retrieved
density comparison value to the average density represented by the output of the
second sensor S2. The result of this comparison is evaluated at step 401 to

determine whether the output of sensor S2 identifies a doubling of bills.
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Affirmative answers at *,oth step 409 and step 411 results in the setting of a
"doubles error" flag at step 412, and the system then returns to the main
program. The "doubles error" fiag can, of course, he used to stop the bill
transport motor.

FIG. 22 illustrates a routine that enables the system to detect biils which
have been badly defaced oy dark marks such as ink blotches, felt-tip pen marks
and the like. Such severe defacing of a bill can result in such distorted scan data
that the data can be interpreted to indicate the wrong denomination for the bill.
Consequently, it is desirable to detect such severely defaced bills and then stop
the bill transport mechanism so that the bill in question can be examined by the
operator.

The routine of FIG. 22 retrieves each successive data sample at step 450
and then advances to step 451 to determine whether that sample is too dark. As
described above, the output voltage from the photodetector 26 decreases as the
darkness of the scanned area increases. Thus, the lower the output voltage from
the photodetector, the darker the scannec area. For the evaluation carried out at
siep 451, a preselected threshold level for the photodetector output voltage, such
as a threshold level of about 1 vol* ‘s used to designate a sample that is "too
dark."

" An affirmative answer at step 451 advances the system to step 452 where a
"bad sample" count is incremented by one. A single sample that is too dark is not
enough to designate the bill as seriously defaced. Thus, the "bad sample" count is
used to determine when a preselected number of consecutive samples, e.g., ten
consecutive samples, are determined to be too dark. From step 452, the system
advances to step 453 to determine whether ten consecutive bad samples have
been received. If the answer is affirmative, the system advances to step 454
where an error flag is set. This represents a "no call" conditior, which causes the
bill transport system to be stopped in the same manner discussed above in
connection with FIG. 8A.

When a negative respouse is obtained at step 451, the system advances to
step 455 where the "bad sample" count is reset to zero, so that this count always

represents the number of consecutive bad samples received. From step 455 the
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system advar.ces to step 456 which determines when all the samples for a given
bill have been checked. As long as step 456 yields a negative answer, the system
continues to retrieve successive samples at step 450. When an affirmative answer
is produced at step 456, the system returns to the main program at step 457.

It is desirable to maintain a predetermined space between each pair of
successive bills to facilitate the resetting of the scanning system between the
trailing edge of the scanned area on one bill and the leading borderline on the
next bill. The routine for performing this spacing check is illustrated in FIG. 23.
This routine begins with step 500, which checks the output signals from the
sensors S1 and S2 to determine when the leading edge of a bill is detected by
either sensor. The detection of a predetermined change in the output irom either
seisor S1 or S2 advances the system to step 501, which determines whether the
detected output change is from the first sensor to see the leading edge of a bill.
If the answer is affirmative the system returns to the main program at step S03.
A negative response at step 501 advances the system to step 504 to determine
whether the spacing check is done yc* If the answer is "yes," the system returns
to the main program. If the answer = "no," step 505 determines whether a
spacing check is to be performed, based on whether the first bill in a new stack of
bills placed in the CRU has been detected. That is, there is no need to initiate a
spacing check until the first bill reaches the sensors S1 and S2. Thus, a negative
answer at step 50S returns the system to the main program, while an affirmative
answer advances the system to step 506 which compares the actual spacing count,
i.e., the number of encoder pulses produced after detection of the leading edge of
the bill, to a preselected minimum spacing count retrieved from memory. If the
actual spacing count is above the preselected minimum, there is no error and
consequently the next step 507 yields a negative response, indicating that there is
no spacing error. Thi negative response sets a "spacing error checked" flaj; at
step 509. If the actua! spacing count is below the preselected minimum, step 509
detects a spacing error and consequently produces an affirmative response which
sets an error flag at step 508. The system then returns to the main program at
step 503. It is this flag that is read at step S04.
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A routine for automatically monitoring and making any necessary
corrections in various line voltages is illustratec in FIG, 24, This routine is useful
in automatically compensating for voltage drifts due to temperature changes,
aging of components and the like, The routine starts at step 550 which reads the
output of a line sensor which is monitoring a selected voltage. Step 551
determines whether the reading is below 0.60, and if the answer is affirmative,
step 552 determines whether the reading is above 0.40. If step 552 also produces
an affirmative response, the voltage is within the required range and thus the
sys.<m returns to the main program step 553. If step 551 produces a negative
response, an incremental correction is made at step 554 to reduce the voltage in
an attempt to return it to the desired range. Similarly, if a negative response is
obtained at step 552, an incremental correction is made at step 555 to increase
the voltage toward the desired range.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A currency evaluation device for receiving a stack of currency bills, rapidly
cvaluating all the bills in the stack, and then re-stacking the bills, said device comprising:

a feed mechanism for receiving a stack of currency bills and feeding said bills in
the direction of a predetermined dimension of the bills, one at a time, to a feed station;

a bill transport mechanism for transporting bills in the direction of the
predetermined dimension of the bills, from said feed mechanism to a stacking station
output receptacle at a rate in excess of about 800 bills per minute, said output receptacle
comprising a stacking mechanism;

a stationary optical scanning head located between said feed and stacking

10 mechanisms for scanning at least a preselected segment of each bill transpoited between

said feed and stacking mechanisms by said transport mechanism, and producing an output
signal representing the scanned image; and
signal processing means for receiving said output signal and determining the

denomination of each scanned bill.

2, The currency evaluation device of claim 1 further comprising:

an encoder coupled to said transport mechanism for monitoring the position of
each bill as it is transported from said feed mechanism to said stacking mechanism; and

control means responsive to said signal processing means and coupled to said feed
mechanism, said transport mechanism, and said stacking mechanism for stopping said
stacking mechanism with a selected bill, b,, being the last bill deposited in said output
receptacle for viewing by the operator after the following bill, b,, has been scanned and

before the scanning of the next following bill, b;, has started.

3. The currency evaluation device of claim 1 further comprising:

means for directing a light beam through each bill transported to the scanning
head;

means for detecting the intensity of said light beam after it has passed through the

5 bill; and
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means for comparing the detected light intensity with a predetermined intensity
value corresponding to the bill denomination determined by said signal processing means,
and determining from said comparison whether said light beam passed through more than
one bill of the determined denomination.

4, The currency evaluation device of claim 3 which includes a memory
storing multiple predetermined light intensity values for each bill denomination, and

means for selecting one of said multiple values for use in said comparison.

5. The currency evaluation device of claim 1 wherein:

said feed mechanism feeds said bills in the direction of the narrow dimension of
the bills;

said bill transport mechanism transports said bills in the direction of the narrow
dimension of the bills; and

said stationary optical scanning head scans a preselected segment of a central
portion of each bill transported between said stations by said transport mechanism, said
scanning head including at least one light source for illuminating a strip of said
preselected segment of a bill, and at least one de*.ctor for receiving reflected light from
the illuminated strip on the bill and producing an output signal representing variations in
the intensity of the reflected light; and further comprising

means for sampling said output signal at preselected intervals as a bill is moved
across said scanr’ng head in the direction of the narrow dimension of the b.ll, each of
said output signal samples being proportional to the intensity of the light reflected from a
different strip of said preselected segment of a bill;

a memory for storing characteristic signal samples produced by scanning said
preselected segments of bills of different denominations with said scanning head and
sampling said output signal at said preselected intervals, each of said stored signal

samples being proportional to the intensity of the light reflected from a different strip of

.. 20 said preselected segment of a bill; and wherein
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scanning of each bill with said scanning head, said signal processing means further (1)
counting the number of scanned bills of each denomination, and (2) accumulating the

cumulative value of the scanned bills of each denomination.

6. The currency counting and evaluation device of claim 5 wherein said

preselected segment of each bill is scanned in less than one tenth of a second.

7. The currency counting and evaluation device of claim 5 which includes
means for controlling the movement of a selected bill, b,, between said scanning head and
the stacking station in response to the determination of the denomination of an
immediately preceeding bill, b,; said controlling means stopping the movement of said
selected bill, b,, between said scanning head and the stacking station for that bill.

8. The currency counting and evaluation device of claim 5 which includes
means for controlling the movement of a selected bill, b,, between said scanning head and
the stacking station in response to the determination of the denomination of an
immediately preceeding bill, b,; said controlling means decelerating said selected bill, b,,
before stopping the movement of said selected bill, b,.

9. The currency counting and evaluation device of claim § which includes
means for controlling the movement of a selected bill, b,, between said scanning head and
the stacking station in response to the determination of the denomination of an
immediately preceeding bill, b,; wherein the denomination of each bill is determined
before the leading edge of that bill reaches the stacking station for that bill.

10.  The currency counting and evaluation device of claim 5 which includes
means for controlling the movement of a selected bill, b,, between said scanning head and
the stacking station in response to the determination of the denomination of an
immediately preceeding bill, b,; wherein said stacking station is spaced from said
scanning head by a distance that is less than the width of two of said bills.
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11.  The currency counting and evaluation device of claim 5 which includes
means for controlling the movement of a selected bill, b,, between said scanning head and
the stacking station in response to the flagging of an immediately preceeding bill, b,; said
controlling means stopping the movement of said selected bill, b,, between said scanning
head and the stacking station for that bill.

12.  The currency counting and evaluation device of claim 11 wherein said
iminediately preceeding bill, by, is flagged when said signal processing means is unable to
determine the denomination of said immediately preceeding bill, b,.

13.  The currency counting and evaluation device of claim 11 wherein said

immediately preceeding bill, by, is flagged when it is determined to be a counterfeit.

14, Thz currency counting and evaluation device of claim 11 wherein said

controlling means decelerates said selected bill, b,, hefore stopping the movement of said
selected bill, b,.

15.  The currency counting and evaluation device of claim 5 which includes
signal processing means responsive to the output signals from said detector for
determining the denomination of each scanr.ed bill before that bill has been advanced to a
stacking station, and

means responsive to said signal processing means for altering the movement of a
scanned bill in response to the denomination determination for that bill, before that bill is

advanced to a stacking station.

16.  The currency evaluation device of claim 1 wherein

said bill transport mechanism transports bills at a first operating speed;

said staticnary optical scanning head scanns a preselected segment of a central
portion of each bill transported between said stations by said transport mechanism, said
scanning head including at least one light source for illuminating a strip of said

preselected segment of a bill, and at least one detector for receiving reflected light from
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the illuminated strip on the bill and producing an output signal representing variations in
the intensity of the reflected light; and further comprising

means for sampling said output signal at preselected intervals as a bill is moved
across said scanning head in the direction of the predetermined dimension of the bill;

a memory for storing characteristic signal samples produced by scanning said
preselected segments of bills of different denominations with said scanning head and
sampling said output signal at said preselected intervals; and wherein

said signal processing means receives said signal samples and determines the
denomination of each scanned bill by comparing said stored signal samples with said
output signal samples produced by the scanning of each bill with said scanning head; and
further comprising

means, responsive to said signal processing means failing to determine the
denomination of a particular scanned bill, b,, for decelerating said bill transport
mechanism from said first operating speed to a second operating speed such that during
the deceleration of said bill transport mechanism, said particular scanned bill, b,, is
transported to said stacking station and a next upstream bill, b,, from said particular

scanned bill, b,, is scanned by said scanning head.

17.  The currency evaluation device of claim 16, wherein said decelerating
means decelerates said bill transport mechanism to said second operating speed at such a
rate that said scanning head completes scanning said next upstream bill, b,, prior to said

bill transport mechanism reaching said second operating speed.

18.  The currency evaluation device of claim 16, wherein said second operating
speed is approximately one-third of said first operating speed.

19.  The currency evaluation device of claim 16, wherein said decelerating
means decelerates said bill transport mechanism from said second operating speed to a
third operating speed after said next upstream bill, b,, is scanned by said scanning head.
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20.  The currency evaluation device of claim 16, wherein said decelerating
means decelerates said bill transport mechanism from said second operating speed to a
complete halt prior to a bill, b;, located upstream from said next upstream bill, b,, being
scanned by said scanning head.

21.  The currency evaluation device of claim 16, wherein each of said output
signal samples and said stored signal samples is proportional to the intensity of the light
reflected from a different strip of said preselected segment of a bill.

22.  An improved method for discriminating between currency bills of different
denominations, each currency bill having printed indiciz enclosed within a borderline
defined thereupon so that the bill surface outside the borderline is substantially blank,
comprising the steps of:

illuminating a predetermined section of a currency bill by focusing a first strip of
light thereupon, said first strip of light being relatively narrow;

generating relative lateral displacement between said first strip of light and said
currency bill so as to illuminate or optically scan successive sections of said bill along a
predetermined dimension thereof, said first strip of light being elongated in the direction
transverse to the direction of said lateral displacement;

obtaining a first series of analog reflectance signals corresponding to light reflected
from each of said successive bill sections using said first strip of light to detect said
borderline as the currency bill moves relative to said first strip by detecting the difference
in magnitude of the reflectance signal obtained from the bill surface outside said
borderline and the reflectance signal obtained about said borderline itself;

illuminating a predetermined section of a currency bill by focusing a second strip
of light thereupon, said second strip of light being relatively wide;

generating relative lateral displacement between said second strip of light and said
currency bill so as to illuminate or optically scan successive sections of said bill along a
predetermined dimension thereof, said second strip of light being elongated in the

direction transverse to the direction of said lateral displacement;
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obtaining a second series of analog reflectance signals corresponding to light
reflected from each of said successive bill sections using said second strip of light;

processing analog reflectance signals of said second series of analog reflectance
signals obtained after the detection of said borderline by said first strip of light to yield a
set of data samples which, in combination, represent a data pattern characteristic of the
currency denomination of said bill;

generating and storing a set of master characteristic patterns corresponding to
optical scanning of original bills of each of the different currency denominations to be
discriminated; and

determining the denomination of said currency bill from said data samples and said
master characteristic patterns;

wherein said currency bill traverses said strips of light at a rate in excess of about

800 bills per minute.

23.  The method of claim 22 wherein the light reflected from said first strip is
detected by a single photodetector, and the light reflected from said second strip is
detected by another single photodetector.

24.  The method of claim 22 wherein a first pair of light sources illuminate said

first strip, and a second pair of light sources illuminate said second strip.

25.  The method of claim 24 wherein the light reflected from said first strip is
detected by a single photodetector located between said first pair of light sources, and the
light reflected from said second strip is detected by another single photodetector located

between said second pair of light sources.

26.  The method of claim 22 wherein said reflectance signals are taken at
intervals corresponding to successive increments of displacement of the bill relative to
said first and second strips of light; said successive increments of displacement of the bill
being smaller than the width of said second strip of light in the direction of bill movement

so that said successive bill sections overlap with each other.
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27.  Adocument evaluation device for receiving a stack of documents and rapidly
cvaluating all the documents in the stack, said device comprising:

an input receptacle for receiving a stack of documents to be evaluated;

a single output receptacle for receiving said documents after said documents have been
evaluated;

a transport mechanism for transporting said documents, onc at a time, from said input
receptacle to said output receptacle along a transport path;

a discriminating unit for evaluating said documents, said discriminating unit including
a detector positioned along said transport path between said input receptacle and said output
receptacle, said discriminating unit counting and determining the identify of said documents;
and

means for flagging a document when the identity of said document is not determined
by said discriminating unit, said means for flagging causing said transport mechanism to halt
with said document whose identity has not been determined being the last document

transported to said output receptacle.

28.  The currency evaluation device of claim 27 wherein said documents are
currency bills;

wherein said discriminating unit determines the denominations of said bills; and

wherein said means for flagging causes said transport mechanism to halt when the

denomination of a bill is not determined by said discriminating unit.

29.  The currency evaluation device of claim 28 wherein said detector of said
discriminating unit includes a stationary optical scanning hcad for scanning at least a
preselected segment of each bill transported between said input and output receptacles by said
transport mechanism, and producing an output signal representing the scanned image and
wherein said discriminating unit includes signal processing means for receiving said output

signal and determining the denomination of each scanned bill.

30. A method of counting and discriminating documents of diffcrent types
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comprising the steps of:

receiving a stack of documents to be evaluated in an input receptacle;

transporting said documents, one at a time, from said input receptacle to a singlc output
receptacle;

counting and determining the identity of said documents; and

flagging a document when the identity of said document cannot be determined;
said flagging step comprising halting said transporting of said documents in said stack with
said document whose identity has not been determined being the last document transported to

said output receptacle.

31.  The method of claim 30 wherein said documents are currer<y bills;
wherein said determining step comprises determining the denomination of said

currency bills; and

wherein said flagging step comprises flagging a bill when the denomination of the said

bill cannot be determined.

32.  The method of claim 31 wherein said step of determining the denomination of
said bills comprises scanning by a stationary optical scanning head at least a preselected
segment of each bill transported between said input and output receptacles and producing an

output signal representing the scanned image.

33.  An improved method for discriminating between currency bills of different
denominations comprising the steps of:

illuminating a predetermined section of a currency bill by focusing at least one strip
of light thereupon;

detecting the light reflected off said illuminated section of said bill to generatc an
analog reflectance signal;

generating relative lateral displacement between said strip of light and said bill so as
to illuminate and optically scan successive sections of said bill along a predetermined

dimension thereof;
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obtaining a series of analog reflectance signals corresponding to light reflected from
cach of said successive bill sections;

digitising and processing said scrics of analog reflectance signals to yicld a sct of
digital data samples which, in combination, represent a data pattern characteristic of the
currency denomination of said bill;

generating and storing a set of master characteristic patterns corresponding to optical
scanning of original bills of each of the different currency denominations to be discriminated;

comparing said data pattern for said scanned currency bill to ecach of said stored master
patterns to determine the degree of correlation therebetween; and

determining the two master patterns having the highest degrees of correlation with the
data pattern of said scanned bill, (1) positively identifying said scanned bill as having the
denomination corresponding to the stored master pattern with the highest degree of correlation
with said characteristic pattern if said highest degree of correlation is greater than a first
predetermined threshold, otherwise

(2) determining the difference between said two highest degrees of correlation and
positively identifying said scanned bill as having the denomination corresponding to the stored
master pattern with the highest degree of correlation with said characteristic pattern only if (a)
said differcnce is greater than a second predetermined threshold and (b) said highest degree

of correlation is greater than a third minimum predetermined threshold.

34. A curmrency evaluation device substantially as hereinobefore described with

reference to the accompanying drawings.

35. A method substantially as hercinbefore described with reference to the

accompanying drawings.

DATED this 17th day of May, 1996
CUMMINS-ALLISON CORP.

By its Patent Attorneys

DAVIES COLLISON CAVE
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