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(57) Ce systeme de manipulation (10) de documents est
con¢u pour traiter plusieurs documents differents, et 1l
comprend un receptacle (36) d’entree, destine€ a recevoir
une pile de documents, un capteur classique (70) destine
a explorer au moins une caractéristique non en couleurs

l*l Industrie Canada  Industry Canada

(57) A document handling system (10) 1s configured for
processing a variety of different documents. The system
includes an 1mnput receptacle (36) for receiving a stack of
documents, a standard sensor (70) for scanning at least
one non-color characteristic of the documents 1n the
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des documents de la pile, un capteur (300) de couleurs
servant a explorer les caracteristiques en couleurs des
documents, aimnst qu’un reéceptacle (117) de sortie,
destin¢ a recevorr les documents apres traitement de
ceux-cl. Un meécanisme de transport (123, 141)
transporte les documents un a un, pour les acheminer du
receptacle d’entrée (36), en passant devant les capteurs
(70, 300), vers le réceptacle (117) de sortie. Une
interface operateur sert a afficher des informations
destinces a un opéerateur et a entrer des informations dans
le systeme. De méme, un processeur sert a calculer les
donn¢es recueillies a partir des capteurs (70, 300), afin
d’¢valuer les documents.
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stack, a color sensor (300) for scanning the color
characteristics of the documents, and an output
receptacle (117) for recerving the documents after they
have been processed. A transport mechanism (123, 141)
1s included for transporting the documents, one at a time,
from the 1nput receptacle (36) past the sensors (70, 300)
to the output receptacle (117). An operator interface 1s
provided for displaying information to an operator and
inputting information into the system. A processor 1s also
included for processing the data gathered from the
sensors (70, 300) to evaluate the documents.
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ABSTRACT

A document handling system (10) is configured for processing a variety of different
documents. The system includes an input receptacle (36) for receiving a stack of documents,
a standard sensor (70) for scanning at least one non-color characteristic of the documents in
the stack, a color sensor (300) for scanning the color characteristics of the documents, and an
output receptacle (117) for receiving the documents after they have been processed. A
transport mechanism (123, 141) is included for transporting the documents, one at a time,
from the input receptacle (36) past the sensors (70, 300) to the output receptacle (117). An
operator interface is provided for displaying information to an operator and inputting
Information into the system. A processor is also included for processing the data gathered

from the sensors (70, 300) to evaluate the documents.
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1
COLOR SCANHEAD AND CURRENCY HANDLING
SYSTEM EMPLOYING THE SAME

FIELD OF THE INVENTION

T'he present invention relates generally to currency handling systems such as
those capable ot distinguishing or discriminating between currency bills of different

denominations and, more particularly. to such systems that employv color sensors.

BACKGROUND OF THE INVENTION

Systems that are currently available for simultaneous scanning and counting of
documents such as paper currency are relatively complex and costly, and relatively large

in size. The complexity of such systems can also lead to excessive service and

“maintenance requirements. These drawbacks have inhibited more widespread use of

such systems, particularly in banks and other financial institutions where space 1s limited
In areas where the systems are most needed. such as teller areas. The above drawbacks
are particularly difficult to overcome in systems which offer much-needed features such
as the ability to authenticate the genuineness and/or determine the denomination of the
bills.

Theretfore, there is a need for a small, compact system that can denominate bills
of different denominations of bills. Likewise there is such a need for a system that can
discriminate the denominations of bills from more than more country. Likewise there is
a need for such a small compact system that can readily be made to process the bills from
a set of countries and yet has the flexibility so it can also be readily made to process the
bills from a different set of one or more countries. Likewise, there is a need for a
currency handling system that can satisfy these needs while at the same time being
relatively inexpensive.

There 1s also a need for a currency handling system that can retrieve color
information from currency bills. Currently, there are a systems that do perform color
analysis on bills; however, these systems suffer from one or more drawbacks. For
example, many of these color-capable systems are extremely large and expensive.
Furthermore, some of these systems employ a color CCD array to scan bills. Color CCD
arrays have the disadvantages of being expensive and requiring a considerable amount of

processing power, thus requiring more expensive signal processors and more processing
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time. Additionally, one problem associated with color scanning is a need for bills to be

more brightly illuminated than for standard scanning or analysis. However. adding
additional light sources adds to the cost of the system and undesirably increases the heat
that 1s generated and the power that is consumed.

Another drawback of prior color-capable currency handling systems is that they
employ color scanhead arrangements that are themselves large 1n size which in turn
requifes the systems in which they are used to be larger.

Accordingly, there is a need for a small. compact, and less expensive full color
scanning currency handling system. A full color scanning currency handling system uses
all three of the primary colors to process and discriminate a currency bill or document.
The term “primary colors™ as used herein means colors from which all colors may be
generated and includes the three additive primary colors (red, green, and blue) as well as
the three subtractive primary colors (magenta, yellow. and cyan). Likewise, there is a
need for a full color scanhead arrangement for use in such a system that will require less
processing power and adequately address the issues of providing enough illumination
while at the same time avoiding the problems of excessive heat generation and power
consumption. There is a need for a full color scanning arrangement that can meet these
needs in a cost effective manner.

There is also a need for a system that can distinguish documents via color. There

1s a further need for a system that can quickly preselect master patterns. Likewise there

that allows high speed, low cost scanning of a wide variety of money and documents
including casino script, amusement park script, stock certificates, bonds, postage stamps,
and/or food coupons, or other such documents. F inally, there is a need for a system that

can provide not only black and white data, but also color data corresponding to the

document being processed.
SUMMARY OF THE INVENTION
In accordance with one aspect of the present invention, there is provided a

curréncy scanning system that uses full color scanning to discriminate and/or
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3
authenticate a varnety of different currencies, including different denominations within a

CuIrency set.

In accordance with another aspect of this invention. there is provided such a
currency scanning system utilizing color sensors that eliminate the need for lenses to
focus light, thus reducing the cost and size of the system.

In one embodiment, the system of the invention automatically learns the
characteristics of authentic currency from a variety of different currency systems.

In accordance with another aspect of this invention. there is provided a document
handling system for processing documents, the system comprising a first sensor for
scanning at least one characteristic of a document other than color, a full color sensor for
scanning color characteristics of the document, and a processor for processing data
corresponding to the characteristics scanned from one or more documents with the first
sensor and the color sensor and for using the data to evaluate one or more document.

In accordance with another aspect of this invention, there is provided a document
scanning system comprising a first scanhead assembly for scanning a first side of a
document, said first scanhead assembly including at least one optical sensor for scanning
optical characteristics of a document and size sensors comprising a pair of laterally
spaced apart linear optical arrays extending a predetermined distance oppositely laterally
outwardly for detecting opposite side edges of a document, for determining the length of
a document in a direction transverse to a path of travel of a document past said scanhead.

In accordance with another aspect of this invention, there is provided a document
handling method for processing documents, the method comprising the steps of scanning
at least one characteristic of a document other than color, scanning full color
characteristics of the document, processing data corresponding to the color and other
characteristics scanned from one or more documents, and using the data to evaluate one
or more documents.

In accordance with another aspect of this invention, there is provided a color
scanhead apparatus for a document handling system, said color scanhead comprising a
full color sensor including a plurality of color cells, each cell comprising a primary color

sensor for sensing each of at least two primary colors.
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4
In accordance with another aspect of this invention, there is provided a color

scanning method for a document handling system for processing documents, the method
comprising the steps of scanning full color characteristics of a document, processing data
corresponding to the characteristics scanned from one or more documents, and using the
data to evaluate one or more documents.

These and other features are provided by a system for processing a variety of
different currencies. The system includes an input receptacle for receiving a stack of
currency bills to be counted, a standard sensor for scanning the black and white
characteristics of the bills in the stack. a color sensor for scanning the color
characteristics of the bills, and an output receptacle for recetving the bills after they have
been processed. A transport mechanism is included for transporting bills, one at a time,
from the input receptacle past the sensors to the output receptacle. An operator interface
1s provided for displaying information to an operator and inputting information to the

system. A processor is also included for processing the data gathered from the sensors to

evaluate the bills.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram of a currency handling system embodying

the present invention;

F1G. 2a 1s a perspective view of a single pocket currency handling system

according to one embodiment of the present invention;

F1G. 2b 1s a sectional side view of the single pocket currency handling system of

F1G. 2a depicting various transport rolls in side elevation:

F1G. 2c 1s a top plan view of the interior mechanism of the system of FIG. 2a for

transporting bills across a scanhead, and also showing the stacking wheels at the front of

the system;

FIG. 2d is a sectional top view of the interior mechanism of the system of FIG. 2a

for transporting bills across a scanhead, and also showing the stacking wheels at the front

of the system:;
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FIG. 3a is a perspective view of a two-pocket currency handling system

according to one embodiment of the present invention;
FI1G. 3b 1s a sectional side view of the two-pocket currency handling system of
FIG. 3a depicting various transport rolls in side elevation;
5 FIG. 4a 1s a sectional side view of a three-pocket currency handling system
depicting vartous transport rolls in side elevation;
FI1G. 4b 1s a sectional side view of a four-pocket currency handling system
depicting various transport rolls in side elevation:
F1G. 4c 1s a sectional side view of a six-pocket currency handling system
10 depicting various transport rolls in side elevation:
F1G. 5a 1s an enlarged sectional side view depicting the scanning region
according to one embodiment of the present invention;
F1G. 5b 1s a sectional side view depicting the scanheads according to one
embodiment of the present invention;
15 FIG. 5¢ 1s a front view depicting the scanheads of FIG. 5b according to one
embodiment of the present invention:
FIG. 6a is a perspective view of a color scanhead module:
F1G. 6b 1s an exploded perspective view of the color scanhead module of FIG. 6a:
FIG. 6c¢ 1s a top view of the color scanhead module of FIG. 6a:
20 FIG. 6d 1s a front view of the color scanhead module of FIG. 6a:
FIG. 6e 1s a side view of the color scanhead module of FIG. 6a:
FIG. 61 1s an end view of a color scanhead:;
FIG. 6g 1s a side view of the color scanhead module of FIG. 6a including the
color scanhead of FIG. 6f;
25 FIG. 7 1s a functional block diagram of a standard optical scanhead;
FI1G. 8 is a functional block diagram of a full color scanhead;
FIG. 9a 1s a perspective view of a U.S. currency bill and an area to be optically
scanned on the bill;
FIG. 9b 1s a diagrammatic perspective illustration of the successive areas scanned
30 during the traversing movement of a single bill across an optical scanhead according to

one embodiment of the present invention:
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FIG. 9¢ 1s a diagrammatic side elevation view of the scan area to be optically

scanned on a bill according to one embodiment of the present invention:
FIG. 9d 1s a top plan view of a bill indicating a plurality areas to be optically

scanned on the bill;

5 FIG. 10a1s a perspective view of a bill and a plurality areas to be color scanned
on the bill;

F1G. 10b is a diagrammatic perspective illustration of the successive areas
scanned during the traversing movement of a single bill across a color scanhead
according to one embodiment of the present invention:

10 FIG. 10c 1s a diagrammatic side elevation view of the scan area to be color
- scanned on a bill according to one embodiment of the present invention;
FIG. 11 1s a iming diagram illustrating the operation of the sensors sampling data

according to an embodiment of the present invention;

F1G. 12a-12e are graphs of color information obtained by the color scanhead in

15  FIG. 13;

FIG. 13a1s a top perspective view of one embodiment of a color scanhead for use
1n the currency handling systems of FIGS. 1-4;
F1G. 13b 1s a bottom perspective view of the color scanhead of FIG. 13a:
FIG. 13c 1s a bottom view of the color scanhead of FIG. 13a:
20 FIG. 13d 1s a sectional side view of the color scanhead of FIG. 13c¢:
FIG. 13e 1s an enlarged bottom view of a section of the color scanhead of FIG.
13b:
FIG. 13f1s a sectional end view of the color scanhead of FIG. 13a;
FIG. 13g 1s an illustration of the light trapping geometry of the manifold of the
25 scanhead of FIG. 13a;
F1G. 14 1s a functional block diagram of a magnetic scanhead;
FI1G. 15a 1s a top view of the standard scanhead of FIG. 5a (with size detector

element);

FIG. 15b is a bottom view of the standard scanhead of FIGS. 5a and 135a (with

30 size detector element);
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FIG. 16 1s a block diagram of a size detection circuit for measuring the long (or
“X7) dimension of a bill;
FIG. 17 1s a block diagram of a digital size detection system for measuring the
narrow (or ©Y ') dimension of a bill;
5 FIG. 18 1s a timing diagram illustrating the operation of the size detection method
of FIG. 17;

FIG. 19 1s a block diagram of an analog size detection system for measuring the
narrow (or Y ’) dimension of a bill;

F1G. 20 1s a functional block diagram of a fold/hole detection system;

10 FIG. 21 1s a tlow chart of one embodiment of the learn mode:

FI1G. 22 1s a tlow chart further defining a step of the flow chart of FIG. 21:

FIGS. 23a-d are a flow chart of one embodiment of how the system operates in
standard bill evaluation mode: and

FIGS. 24a-h are flow charts of another embodiment of the color correlation

15  scheme shown in FIGS. 23 c¢-d.

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 1invention to the particular forms disclosed, but on the contrary, the

20 1ntention 1s to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE EMBODIMENTS

FIG. 1 1llustrates 1n functional block diagram form the operation of currency
handling systems according to the present invention. FIGS. 2a-2d, 3a-3b, and 4a-4c¢ then
25  1llustrate various physical embodiments of currency handiing systems that function as
discussed 1n connection with FIG. 1 and that employ a color scanning arrangement
according to the present invention. These embodiments will be described first and then
the details concerning embodiments of color scanheads and processing will be described.
Turning to FIG. 1, a currency handling system 10 comprises an input receptacle
30 36 for recelving a stack of currency bills to be processed. The processing may include

evaluating, denominating, authenticating, and/or counting the currency bills. In addition
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8
to handling currency bills, the currency handling system 10 may be designed to accept

and process other documents including but not limited to stamps, stock certificates,
coupons, tickets, checks and other identifiable documents.

Bills placed in the input receptacle are transported one by one by a transport
mechanism 38 along a transport path past one or more scanheads or sensors 70. The
scanhead(s) 70 may perform magnetic, optical and other types of sensing to generate
signals that correspond to characteristic information received from a bill 44. In
embodiments to be described below, the scanhead(s) 70 comprises a color scanhead. In
the embodiment shown in FIG. 1, the scanhead(s) 70 employs a substantially
rectangularly shaped sample region 48 to scan a segment of each passing currency bill
44. After passing the scanhead(s) 70, each of the bills 44 is transported to one or more
output receptacles 34 which may include stacking mechanisms to re-stack the bills 44

According to some embodiments the scanhead(s) 70 generates analog output(s)
which are amplified by an amplifier 58 and converted into a digital signal by means of an
analog-to-digital converter (ADC) unit 52 whose output 1s fed as a digital input to a
controller or processor such as a central processing unit (CPU), a processor or the like.
The process (such as a microprocessor) controls the overall operation of the currency
handling system 10. An encoder 14 linked to the bill transport mechanism 38 provides
iput to the PROCESSOR 54 to determine the timing of the operations of the currency
handling system 10. In this manner, the processor is able to monitor the precise location
of bills as they are transported through the currency handling system.

I'he PROCESSOR 54 is also operatively coupled to an internal or an external
memory 56. The memory comprises one or more types of memories such as a random
access memory ("RAM”), a read only memory (“ROM”™), EPROM or flash memory
depending on the information stored or to be stored therein. The memory 56 stores
software codes and/or data related to the operation of the currency handling svstem 10
and 1nformation for denominating and/or authenticating bills.

An operator 1nterface panel and display 32 provides an operator the capability of
sending input data to, or receiving output data from, the currency handling system 10.
Input data may comprise, for example, user-selected operating modes and user-defined

operating parameters for the currency handling system 10. Output data may comprise,
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tor example, a display of the operating modes and/or status of the currency handling
system 10 and the number or cumulative value of evaluated bills. In one embodiment.
the operator interface panel 32 comprises a touch-screen “keypad™ and display which
may be used to provide input data and display output data related to operation of the
5 currency handling system 10. Alternatively. the operator interface 32 may employ
physical keys or buttons and a separate display or a combination of physical keys and
displayed touch-screen keys.
A determination of authenticity or denomination of a bill undeér test is based on a
comparison of scanned data associated with the test bill to the corresponding master data
10  stored in the memory 56. For example, where the currency handling system 10
comprises a denomination discriminator, a stack of bills having undetermined
denominations may be processed and the denomination of each bill in the stack
determined by comparing data generated from each bill to prestored master information.
It the data from the bill under test sufficiently matches master information associated
15 with a particular denomination and bill-type stored in memory, a determination of

denomination may be made.

The master information may comprise numerical data associated with various
denominations of currency bills. The numerical data may comprise, for example,
thresholds ot acceptability to be used in evaluating test bills, based on expected

20 numerical values associated with the currency or a range of numerical values defining
upper and lower limits of acceptability. The thresholds may be associated with various
sensitivity levels. The master information may also comprise pattern information
associated with the currency such as, for example, optical or magnetic patterns.

Turning to FIGS. 2a-2d, FIG. 2a is a perspective view of a currency handling

25 system 10 having a single output receptacle 117 according to one embodiment of the
present invention. FIG. 2b is a sectional side view of the single pocket currency handling
system of FIG. 2a depicting various transport rolls in side elevation and FIG. 2c is a top
plan view of the interior mechanism of the system of FIG. 2a for transporting bills across
a scanhead, and also showing the stacking wheels 112, 113 at the front of the system.

30  The mechanics of this embodiment will be described briefly below. For more detail,

single pocket currency handling systems are described in greater detail in U.S. Patent No.
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5,687,963 entitled "Method and Apparatus for Discriminating and Counting

Documents.” and U.S. Patent No. 5,295.196 entitled “Method and Apparatus for
Currency Discriminating and Counting,” both of which are assigned to the assignee of
the present invention and incorporated herein by reference in their entirety. The physical
embodiment of the currency handling system described in U.S. Patent No. 5,687,963
including the transport mechanism and its operation is similar to that depicted in FIGS.
Z2a-2d except for the scanhead arrangement. The currency handhing system of FIGS. 2a-
2d employs a color scanhead 300 (FIG. 2b) according to the present invention or in
addition to one of the standard scanheads 70 described in U.S. Patent No. >,687.963.
The currency handling system of FIGS. 2a-2d is designed to transport and process bills at
a rate 1n excess of 800 bills per minute, preferably in excess of . 1200 bills per minute.

In the single-pocket system 10. the currency bills are fed, one by one, from a

stack of currency bills placed in the input receptacle 36 into a transport mechanism,

- which guides the currency bills past sensors to a single output receptacle 117. The

single-pocket currency handling system 10 includes a housing 100 having a ngid frame
formed by a pair of side plates 101 and 102, top plate 103a, and a lower front plate 104.
The currency handling system 10 also has an operator interface 32a. As shown in FIG.
2a the operator interface panel comprises a LCD display and physical keys or buttons.
Alternatively or additionally, the operator interface panel may comprise a touch screen
such as a tull graphics display.

The 1input receptacle 36 for receiving a stack of bills to be processed 1s formed by
downwardly sloping and converging walls 105 and 106 formed by a pair of removable
covers 107 and 108. The rear wall 106 supports a removable hopper (extension) 109
which includes a pair of vertically disposed side walls 110a and 110b which complete the
receptacle for the stack of currency bills to be processed.

From the input receptacle, the currency bills are moved 1n seriatiny from the
bottom of the stack along a curved guideway 111 which receives bills moving
downwardly and rearwardly and changes the direction of travel to a forward direction.
T'he curvature of the guideway 111 corresponds substantially to the curved periphery of a
drive roll 123 so as to form a narrow passageway for the bills along the rear side of the

drive roll. The exit end of the guideway 111 directs the bills onto a linear path where the
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bills are scanned and stacked. The bills are transported and stacked with the narrow

dimension of the bills maintained parallel to the ransport path and the direction of
movement at all times.
Stacking of the bills is effected at the forward end ot the linear path, where the

bills are fed into a pair of driven stacking wheels 112 and 113. These wheels project

upwardly through a pair of openings in a stacker plate 114 to receive the bills as they are
advanced across the downwardly sloping upper surface of the plate. The stacker wheels
112 and 113 are supported for rotational movement about a shaft 115 journalled on the
rigid frame and driven by a motor 116. The flexible blades of the stacker wheels deliver
the bills mto the output receptacle 117 at the forward end of the stacker plate 114.
During operation, a currency bill which is delivered to the stacker plate 114 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 transterring the bill into the output receptacle 117
as the stacker wheels 112, 113 rotate. The mechanical configuration of the stacker
wheels, as well as the manner in which they cooperate with the stacker plate, is

conventional and, accordingly, is not described in detail herein.

Returning now to the input region of the system as shown in FIGS. 2a-2d, Sa-b,

auxihary feed wheels 120 mounted on a drive shaft 121 which. in turn, 1S supported
across the side walls 101, 102. The auxiliary feed wheels 120 project through a pair of
slots formed in the cover 107. Part of the periphery of each wheel 120 is provided with a
raised high-friction, serrated surface 122 which engages the bottom bill of the input stack
as the wheels 120 rotate, to initiate feeding movement of the bottom bill from the stack..
The serrated surfaces 122 project radially beyond the rest of each wheel’s periphery so
that the wheels “jog” the bill stack during each revolution so as to agitate and loosen the

bottom currency bill within the stack. thereby facilitating the stripping of the bottom bill

from the stack.

Ihe auxiliary feed wheels 120 feed each stripped bill onto a drive roll 123

mounted on a driven shaft 124 supported across the side walls 101 and 102. The drive
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roll 123 includes a central smooth friction surface 125 formed of a material such as
rubber or hard plastic. This smooth friction surface 125 is sandwiched between a pair of
grooved surfaces 126 and 127 having serrated portions 128 and 129 formed from a high-
friction material. This feed and drive arrangement is described in detail in U.S. Patent
No. 5.687,963.

In order to ensure firm engagement between the drive roll 123 and the currency
bill being tfed, an 1dler roll 130 urges each incoming bill against the smooth central
surface 125 of the drive roll 123. The idler roll 130 is journalled on a pair of arms which
are pivotally mounted on a support shaft 132. Also mounted on the shaft 132, on

opposite sides of the idler roll 130, are a pair of grooved stripping wheels 133 and 134.

~ The grooves in these two wheels 133, 134 are registered with the central ribs in the two

grooved surfaces 126, 127 of the drive roll 123. The wheels 133, 134 are locked to the
shaft 132, which 1n turn 1s locked against movement in the direction of the bill movement
(counterclockwise for roll 123, clockwise for wheels 133, 134, as viewed in FIG. 2b) by
a one-way clutch (not shown). Each time a bill is fed into the nip between the guide
wheels 133, 134 and the drive roll 123, the clutch is energized to turn the shaft 132 just a
tew degrees in a direction opposite the direction of bill movement. These repeated
incremental movements distribute the wear umiformly around the circumferences of the
guide wheels 133, 134. Although the idler roll 130 and the guide wheels 133, 134 are
mounted behind the guideway 111, the guideway 1s apertured to allow the roll 130 and
the wheels 133, 134 to engage the bills on the front side of the guideway.

Beneath the 1dler roll 130, a spring-loaded pressure roll 136 (FIG. 2b) presses the
bills into firm engagement with the smooth friction surface 125 of the drive roll as the
bills curve downwardly along the guideway 111. This pressure roll 136 is journalled on
a pair of arms 137 p1voted on a stationary shaft 138. A spring 139 attached to the lower
ends of the arms 137 urges the roll 136 against the drive roll 133, through an aperture in
the curved guideway 111.

At the lower end of the curved guideway 111, the bill being transported by the
drive roll 123 engages a flat transport or guide plate 140. Currency bills are positively

driven along the flat plate 140 by means of a transport roll arrangement which includes

the drive roll 123 at one end of the plate and a smaller driven roll 141 at the other end of
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the plate. Both the driver roll 123 and the smaller roll 141 include pairs ot smooth raised
cylindrical surfaces 142 and 143 which hold the bill tlat against the plate 140. A pair of
O-rings fit into grooves 144 and 145 formed 1n both the roll 141 and the roll 123 to
engage the bill continuously between the two rolls 123 and 141 to transport the bill while
5 helping to hold the bill flat against the transport plate 140.

The flat transport or guide plate 140 1s provided with openings through which the
raised surfaces 142 and 143 of both the drive roll 123 and the smaller driven roll 141 are
subjected to counter-rotating contact with corresponding pairs of passive transport rolls
150 and 151 having high-friction rubber surfaces. The passive rolls 150, 151 are

10 mounted on the underside of the tlat plate 140 in such a manner as to be freewheeling
about their axes and biased 1nto counter-rotating contact with the corresponding upper
rolls 123 and 141. The passive rolls 150 and 151 are biased 1nto contact with the driven
rolls 123 and 141 by means of a pair of H-shaped leaf springs (not shown). Each of the
four rolis 150, 151 is cradled between a pair of parallel arms of one of the H-shaped leaf

15 springs. The central portion of each leaf spring 1s fastened to the plate 140, which 1s
fastened ngidly to the frame of the system, so that the relatively stiff arms of the H-
shaped springs exert a constant biasing pressure against the rolls and push them against
the upper rolls 125 and 141.

The points of contact between the driven and passive transport rolls are preferably

20  coplanar with the flat upper surface of the plate 140 so that currency bills can be
positively driven along the top surface of the plate in a flat manner. The distance
between the axes of the two driven transport rolls, and the corresponding counter-rotating
passive rolls, is selected to be just short of the length of the narrow dimension of the
currency bills. Accordingly, the bills are firmly gripped under uniform pressure between

25 the upper and lower transport rolis within the scanhead area, thereby minimizing the
possibility of bill skew and enhancing the reliability of the overall scanning and
recognition process.

The positive guiding arrangement described above 1s advantageous in that
uniform guiding pressure is maintained on the bills as they are transported through the

30 sensor or scanhead area, and twisting or skewing of the bills 1s substantially reduced.

This positive action is supplemented by the use of the H-springs for uniformly biasing
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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
avorded. The O-rings function as simple, yet extremely effective means for ensuring that
the central portions of the bills are held flat.

As shown 1n FIG. 2c¢, the optical encoder 32 1s mounted on the shaft of the roller

141 for precisely tracking the position of each bill as it is transported through the system,
as discussed 1n detail below 1n connection with the optical sensing and correlation
techmque. The encoder 32 also allows the system to be stopped in response to an error
occurring or the detection of a “no call” bill. A system employing an encoder to
accurately stop a scanning system is described in detail in U.S. Patent No. 5,687,963,
which 1s incorporated herein by reference in its entirety.

The single pocket currency system 10 described above in connection with FIGS.
2a-2d, 1s small and compact, such that it may be rested upon a tabletop or countertop.
According to one embodiment, the single-pocket currency handling system 10 has a
small s1ze housing 100. The smalli size housing 100 provides a currency handling system
10 that occupies a small area or “footprint.” The footprint is the area that the system 10
occuples on the table top and is caiculated by multiplying the width (W1) and the depth
(D1). Because the housing 100 1s compact, the currency handling system 10 may be
readily used at any desk, work station or teller station. Additionally, the small size
housing 100 1s light weight allowing the operator to move it between different work
stations. According to one embodiment the currency handling system 10 has a
height (H1) of about 9 2 inches (24.13 cm), width (W1) of about 11 inches (27.94 cm),
and a depth (D1) of about 12 inches (30.48 cm) and weighs approximately 15-20 pounds.
In this embodiment, therefore, the currency handling system 10 has a “footprint” of about
11 1inches by 12 inches (27.94 cm by 30.48 cm) or approximately 132 square inches
(851.61 cm®) which is less than one square toot, and a volume of approximately 1254
cubic inches (20,549.4 cm3) which 1s less than one cubic foot. Accordingly, the system
1s suffictently small to fit on a typical tabletop. The system is able to accommodate
various currency, including German currency which is quite long in the X dimension
(compared to U.S. currency). The width of the system is therefore sufficient to

accommodate a German bill which is about 7.087 inches (180 mm) long. The system
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can be adapted for longer currency by making the transport path wider, which can make

the overall system wider.

One of the contributing factors to the footprint size of the currency handiing
system 10 is the size of the currency bills to be handled. For example, 1n the
embodiment described above, the width 1s less than about twice the length of a U.S.
currency bill and the depth is less than about 5 times the width of a U.S. currency bull.
Other embodiments of the single pocket currency handling system 10 have a height (H1)
ranging from 7 inches to 12 inches, a width (W 1) ranging from 8 inches to 15 inches, and
a depth (D1) ranging from 10 inches to 15 inches and a weight ranging tfrom about 10-30
pounds.

As best seen in FIG. 2b, the currency handling system 10 has a relatively short
transport path between the input receptacle and the output receptacle. The transport path
beginning at point TB1 (where the idler roll 130 engages the drive roll 123) and ending
at point TE1 (where the second driven transport roll 141 and the passive roll 151 contact)
has an overall length of about 4% inches. The distance from point TM1 (where the
passive transport roll 150 engages the drive roll 123) to point TE] (where the second
driven transport roll 141 and the passive roll 151 contact) 1s somewhat less than 2%
inches, that is, less than the width of a U.S. bill. Thus, The distance from point TB1
(where the idler roll 130 engages the drive roll 123) to point TM1 (where the passive
transport roll 150 engages the drive roll 123) is about 2 inches.

Turning to FIGS. 3a and 3b, FIG. 3a is a perspective view of a two-pocket
currency handling system 20 according to one embodiment of the present invention and
FIG. 3b is a sectional side view of the two-pocket currency handling system of FIG. 3a
depicting various transport rolls in side elevation. Furthermore, FIGS. 4a, 4b and 4¢
portray other multi-pocket embodiments of the present invention 1n which the currency
handling system includes three-, four- and six-pockets, respectively. Each of the muiti-
pocket embodiments shown respectively in FIGS. 3a-3b and 4a-4c¢ are described in detail
in co-pending U.S. patent application serial number 08/864,423, filed May 28, 1997,
entitled “Method and Apparatus for Document Processing™ (attorney’s docket no.
CUMMI174), assigned to the assignee of the present invention and incorporated herein by

reference in its entirety. The currency handling systems depicted in FIGS. 3a-3b and 4a-
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4c differ from the currency handling systems described in U.S. patent application serial

number 08/864.423 1n that the systems depicted in FIGS. 3a-3b and 4a-4c employ a color
scanhead as described 1n detail below.

As with the single pocket currency system 10 described above in connection with
FIGS. 2a-2d, the multi-pocket currency handling systems 20, 30. 40 and 60 shown in
FIGS. 3a-3b and 4a-4c¢ are small and compact, such that they may be rested upon a
tabletop. According to one embodiment, the two pocket currency handling system 20
enclosed within a housing 200 has a small footprint that may be readily used at any desk,
work station or teller station. Additionally, the currency handling system is light weight
aliowing 1t to be moved between different work stations. According to one embodiment,
the two-pocket currency handling system 20 has a height (H2) of about 18 inches, width
(W2) of about 1372 inches, and a depth (D2) of about 17% inches and weighs
approximately 70 pounds. Accordingly, the currency handling system 10 has a footprint
of about 1372 inches by about 17 inches or approximately 230 square inches or about 1%
square feet and a volume of about 4190 cubic inches or slightly more than 2'/; cubic feet,
which 1s sufficiently small to conveniently fit on a typical tabletop. One of the
contributing factors to the footprint size of the currency handling system 20 is the size of
the currency bills to be handled. For example in the embodiment described above the
width 1s approximately 2% times the length of a U.S. currency bill and the depth is
approximately 7 times the width of a U.S. currency bill.

According to another embodiment, the two-pocket currency handling system 20
has a height (H2) ranging from 15-20 inches, a width (W2) ranging from 10-15 inches,
and a depth (D2) ranging from 15-20 inches and a weight ranging from about 35-50
pounds. The currency handling system 10 has a footprint ranging from 10-15 inches by
15-20 1nches or approximately 150-300 square inches and a volume of about 2250-6000
cubic inches, which 1s sutficiently small to conveniently fit on a typical tabletop.

According to another embodiment, the small size housing 200 may have a
height (H2) ot about 20 inches or less, width (W2) of about 20 inches or less, and a depth
(D2) of about 20 inches or less and weighs approximately 50 pounds or less. As best
seen 1n F1G. 3b, the currency handling system 20 has a short transport path between the

input receptacle and the output receptacle. The transport path has a length of about 10
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inches between the beginning of the transport path at point TB2 (where the 1dler roll 230

engages the drive roll 223) and the tip of the diverter 260 at point TM1 and has an
overall length of about 15% inches from point TB2 to point TE2 (where the rolls 286 and
282 contact).

Similarly, the three-, four- and six-pocket systems 30, 40, 60 (FIGS. 4a-4c¢), in
some embodiments, are constructed with generally the same footprint as the two pocket
systems, allowing them to be rested upon a typical tabletop or countertop. Generally,
however, where the three-, four- and six-pocket systems are constructed with the same
footprint as the two-pocket system, they will be “taller” than the two-pocket system, with
the relative heights of the respective systems corresponding generally to the number of
pockets. Thus, in general, where the multi-pocket systems have approximately the same
size footprint, the six-pocket system 60 (FIG. 4c) will be taller than the four-pocket
system 40 (FIG. 4b), which in turn will be taller than the three-pocket system 50 (FI1G.
4a) and the two-pocket system 20 (FIGS. 3a and 3b). As shown in FIGS. 4a-4c, the three.
four and six pocket currency handling systems have the same width as the two pocket
currency handling system shown 1n FIG. 3a, namely, about 13 %2 inches. The three
pocket currency handling system 30 of FIG. 4a has a height H3 of about 23 inches and a
depth D3 of about 19% inches. The transport path of the three-pocket system has a
length of about 10%2 inches between the beginning of the transport path at point 1B3
(where the idler roll 230 engages the drive roll 223) and the tip of the diverter 260a at
point TM1, a length of about 16%2 inches between the beginning of the transport path at
point TB3 and the tip of the diverter 260b at point TM2, and has an overall length of
about 21Y inches from point TB3 to point TE3 (where the rolls 286b and 282b contact).

According to another embodiment, the three pocket currency handling system has
a height H3 ranging from 20-25 inches and a depth D3 ranging from 15-25 inches. The
transport path of the three-pocket system has a length ranging from 8-12 inches between
the beginning of the transport path at point TB3 (where the 1dler roll 230 engages the
drive roll 223) and the tip of the diverter 260a at point TM1, a length ranging from 12-138
inches between the beginning of the transport path at point TB3 and the tip of the
diverter 260b at point TM2, and has an overall length ranging from 18-25 inches trom

point TB3 to point TE3 (where the rolls 286b and 282b contact).
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The tour pocket currency handling system 40 of FIG. 4b has a height H4 of about

2872 1nches and a depth D4 of about 22%4 inches. The transport path of the four-pocket
system has a length of about 10 inches between the beginning of the transport path at
pomnt TB4 (where the 1dler roll 230 engages the drive roll 223) and the tip of the diverter
260a at point TM1, a length of about 16%2 inches between the beginning of the transport
path at point TB4 and the tip of the diverter 260b at point TM2, a length of about 22
inches between the beginning of the transport path at point TB4 and the tip of the
diverter 260c at point TM3, and an overall length of 27.193 inches from point TB4 to
point TE4 (where the rolls 286¢ and 282c¢ contact).

In another embodiment, the four pocket currency handling system has a height
H4 ranging from 25-30 inches and a depth D4 ranging from 20-25 inches. The transport
path of the four-pocket system has a length ranging from 8-12 inches between the
beginning of the transport path at point TB4 (where the idler roll 230 engages the drive
roll 223) and the tip of the diverter 260a at point TM1, a length ranging from 12-20
inches between the beginning of the transport path at point TB4 and the tip of the
diverter 260b at point TM2. a length ranging from 18-26 inches between the beginning of
the transport path at point TB4 and the tip of the diverter 260c¢ at point TM3, and an
overall length ranging from 22-32 inches from point TB4 to point TE4 (where the rolls
286¢ and 282¢ contact).

The s1x pocket currency handling system 60 of FIG. 4¢ has a height H6 of about
39% inches and a depth D6 of about 27% inches. The transport path of the six-pocket
system has a length of about 10% inches between the beginning of the transport path at
point TB6 (where the idler roll 230 engages the drive roll 223) and the tip of the diverter
260a at point TM1, a length of about 16" inches between the beginning of the transport
path at point TB6 and the tip of the diverter 260b at point TM2, a length of about 22%
inches between the beginning of the transport path at point TB6 and the tip of the
diverter 260c at point TM3, a length of about 28% inches between the beginning of the
transport path at point TB6 and the tip of the diverter 260d at point TM4, a length of
about 34 inches between the beginning of the transport path at point TB6 and the tip of
the diverter 260e at point TMS, and an overall length of about 39 inches from point TB6
to point TE6 (where the rolls 286e and 282e contact).
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[n another embodiment, the six pocket currency handling system has a height H6

ranging from 35-45 inches and a depth D6 ranging from 22-32 inches. The transport path
of the six-pocket system has a length ranging from 8-12 inches between the beginning of
the transport path at point TB6 (where the 1dler roll 230 engages the drive roll 223) and
the tip of the diverter 260a at point TM1, a length ranging from 12-20 inches between the
beginning of the transport path at point TB6 and the tip of the diverter 260b at point
TM?2. a length ranging from 18-26 inches between the beginning of the transport path at
point TB6 and the tip of the diverter 260c at point TM3, a length ranging from 22-32
inches between the beginning of the transport path at point TB6 and the tip of the

diverter 260d at point TM4, a length ranging from 30-40 inches between the beginning of
the transport path at point TB6 and the tip of the diverter 260e at point TMS5, and an
overall length ranging from 32-42 inches from point TB6 to point TE6 (where the rolls
286¢ and 282¢e contact).

Referring now to FIGS. 3a, 3b, 4a, 4b and 4c, parts and components similar to
those 1n the embodiment of FIGS. 2a-2d are designated by simtlar reference numerals.
For example, parts designated by 100 series reference numerals in FIGS. 2a-2d are
designated by similar 200 series reference numerals in FIGS. 3a-3b and 4a-4c, while
parts which we duplicated one or more times, are designated by like reference numerals
with suftfixes a, b, ¢, etc. The mechanical portions of the multi-pocket currency handling
systems include a housing 200 having the input receptacle 36 for receiving a stack ot
bills to be processed. The receptacle 36 1s formed by downwardly sloping and
converging walls 205 and 206 (see F1G. 3b) formed by a pair of removable covers (not
shown) which snap onto a frame. The converging wall 206 supports a removable hopper
(not shown) that includes vertically disposed side walls (not shown). One embodiment
of an input receptacle was described and illustrated in detail above and applies to the
mutlti-pocket currency handling systems 20, 30, 40, 60. The multi-pocket currency
handling systems 20, 30, 40, 60 also include an operator interface 32b as described for
the single pocket currency handling device 10.

From the input receptacle 36, the currency bills in each of the multi-pocket
systems (FIGS. 3a-3b, 4a-4¢) are moved in seriatim from the bottom of a stack of bills

along a curved guideway 211, which receives bills moving downwardly and rearwardly
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and changes the direction of travel to a forward direction. The curvature of the guideway

211 corresponds substantially to the curved periphery of a drive roll 223 so as to form a
narrow passageway tor the bills along the rear side of the drive roll 223. An exit end of
the curved guideway 211 directs the bills onto the transport plate 240 which carries the
bills through an evaluation section and to one of the output receptacles 34.

In the two-pocket embodiment (FIG. 3b), for example, stacking of the bills is
accomplished by a pair of driven stacking wheels 35a and 37a for the first or upper
output receptacle 34a and by a pair of stacking wheels 35b and 37b for the second or
bottom output receptacle 34b. The stacker wheels 35a, 37a and 35b, 37b are supported
for rotational movement about respective shafts 215a, b journalled on a rigid frame and
driven by a motor (not shown). Flexible blades of the stacker wheels 35a and 37a deliver
the bills onto a forward end of a stacker plate 214a. Similarly, the flexible blades of the
stacker wheels 35b and 37b deliver the bills onto a forward end of a stacker plate 214b.
A diverter 260 directs the bills to either the first or second output receptacle 34a, 34b.
When the diverter 1s 1n a lower position, bills are directed to the first output receptacle
34a. When the diverter 260 1s in an upper position, bills proceed in the direction of the
second output receptacle 34b.

The multi-pocket document evaluation devices in FIG. 4a-4c¢ have a transport
mechanism which includes a series of transport plates or guide plates 240 for guiding
currency bills to one of a plurality of output receptacles 214. The transport plates 240
according to one embodiment are substantially flat and linear without any protruding
features. Before reaching the output receptacles 214, a bill is moved past the sensors or
scanhead to be, for exampie, evaluated, analyzed, authenticated, discriminated, counted
and/or otherwise processed.

The multi-pocket document evaluation devices move the currency bills in
seriatim from the bottom of a stack of bills along the curved guideway 211 which
receives bills moving downwardly and rearwardly and changes the direction of travel to a
forward direction. An exit end of the curved guideway 211 directs the bills onto the
transport plate 240 which carries the bills through an evaluation section and to one of the
output receptacles 214. A plurality of diverters 260 direct the bills to the output

receptacles 214. When a diverter 260 1s 1n its lower position, bills are directed to the
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corresponding output receptacle 214. When a diverter 260 1s 1n 1ts upper position, bills

proceed in the direction of the remaining output receptacles.

The multi-pocket currency evaluation devices of FIGS. 3a-3b and 4a-4c
according to one embodiment includes passive rolls 250, 251 which are mounted to
shafts 254, 255 on an underside of the first transport plate 240 and are biased 1nto
counter-rotating contact with their corresponding driven upper rolls 223 and 241. These
embodiments include one or more follower plates 262, 278, etc. which are substantially
free from surface features and are substantially smooth like the transport plates 240. The
follower plates 262 and 278 are positioned 1n spaced relation to respective transport
plates 240 so as to define a currency pathway therebetween. In one embodiment,
follower plates 262 and 278 have apertures only where necessary for accommodation of
passtve rolls 268, 270, 284, and 286.

The follower plate 262 works 1n conjunction with the upper portion of the
associated transport plate 240 to guide a bill from the passive roll 251 to a driven roll 264
and then to a driven roll 266. The passive rolls 268, 270 are biased by H-springs into
counter-rotating contact with the corresponding driven rolls 264 and 266.

[t will be appreciated that any of the stacker arrangements heretotore described
may be utilized to receive currency bills, after they have been evaluated by the system.
Without departing from the invention, however, bills transported through the system in
learn mode, rather than being transported from the input receptacle to the output
receptacle(s), could be transported from the input receptacle past the sensors, then 1n

reverse manner delivered back to the input receptacle.

L. SCANNING REGION

F1G. 5a is an enlarged sectional side view depicting the scanning region
according to one embodiment of the present invention. According to various
embodiments, this scanhead arrangement is employed in the currency handling systems
described above 1n connection with FIGS. 1-4c. According to the depicted embodiment,
the scanning region along the transport path comprises both a standard optical scanhead
70 and a full color scanhead 300. Driven transport rolls 523 and 541 in cooperation with

passive rolls 550 and 551 engage and transport bills past the séanning region in a
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controlled manner. The transport mechanics are described in more detail in U.S. Patent

No. 5,687,965. The standard scanhead 70 differs somewhat in its physical appearance
from that described in U.S. Patent No. 5,687,963 mentioned above and incorporated
herein by reterence 1n its entirety but otherwise is identical in terms of operation and
function. The upper standard scanhead 70 1s used to scan one side of bills while the
lower tull color scanhead 300 1s used to scan the other side of bills. These scanheads are
coupled to processors. For example, the upper scanhead 70 is coupled to a 68HC16
processor by Motorola of Schaumburg, IL. The lower full color scanhead 300 is coupled
to a IMS 320C52 DSP processor by Texas Instruments of Dallas, TX. According to one
embodiment that will be described in more detail below. when processing U.S. bills, the
upper scanhead 70 1s used in the manner described in U.S. Patent No. 5,687,963 while
the full color scanhead 300 1s used in a manner described later herein.

FIG. 5b 1s an enlarged sectional side view depicting the scanheads of FIG. 3a

- without some of the rolls associated with the transport path. Again, depicted 1n this

tlustration, 1s the standard scanhead 70 and a color module 581 comprising the color
scanhead 300 and an UV sensor 340 and its accompanying UV light tube 342. The
details of how the UV sensor 340 operates are described in U.S. Patent No. 5.640,463
and U.S. Patent Application Serial No. 08/798,605 which are incorporated herein by
reference in their entirety. FIG. 5c¢ illustrates the scanheads of FIGS. 5a and 3b in a front
vView.

A. Standard Scanhead

According to one embodiment, the standard scanhead 70 (also shown in FIGS.
15a and 15b) includes two standard photodetectors 74a and 74b (see FIGS. 5a and 5b)
and two photodetectors 95 and 97 (the density sensors), illustrated in FIG. 15b. Two
light sources are provided for the photodetectors as described in more detail in U.S.
Patent No. 5,295,196 incorporated herein by reference. The standard scanhead employs
a mask having two rectangular slits 360 and 362 (see FIG. 15b) therein for permitting
light reflected off passing bills to reach the photodetectors 74a and 74b, which are behind
the slits 360, 362, respectively. One photodetector 74b is associated with a narrow slit
362 and may optionally be used to detect the fine borderline present on U.S. currency,

when suitable cooperating circuits are provided. The other photodetector 74a associated
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with a wider slit 360 may be used to scan the bill and generate optical patterns used 1n
the discrimination process.

FIG. 7 is a functional block diagram of the standard optical scanhead 70, and
FIG. 8 is a functional block diagram of the full color scanhead 300 of FIG. 5. The
standard scanhead 70 is an optical scanhead that scans for characteristic information from
a currency bill 44. According to one embodiment, the standard optical scanhead 70
includes a sensor 74 having, for example, two photodetectors each having a pair of light
sources 72 directing light onto the bill transport path so as to illuminate a substantially
rectangular area 48 upon the surface of the currency bill 44 positioned on the transport
path adjacent the scanhead 70. As illustrated in FIGS. 15a.b, one ot the photodetectors
74b 1s associated with a narrow rectangular slit 362 and the other photodetector 74a 1s
associated with a wider rectangular slit 360. Light reflected off the illuminated area 48 1s
sensed by the sensor 74 positioned between the two light sources 72. The analog outpui
of the photodetectors 74 1s converted into a digital signal by means ot the analog-to-
digital (ADC) converter unit 52 (FIG. 20) whose output 1s fed as a digital input to the
central processing unit (CPU) 54 as described above in connection with FI1G. 1.
Alternatively, especially in embodiments of currency handling system designed to
process currency other than U.S. currency, a single photodetector 74a having the wider
slit 360 may be employed without photodetector 74b.

According to one embodiment, the bill transport path 1s defined in such a way
that the transport mechanism 38 (FIG. 1) moves currency bills with the narrow
dimension of the bills being parallel to the transport path and the scan direction SD. As a
bill 44 traverses the scanhead 70, the illuminated area 48 moves to define a coherent light
strip which effectively scans the bill across the narrow dimension (W) of the bill. In the
embodiment depicted, the transport path 1s so arranged that a currency bill 44 1s scanned
across a central section of the bill along 1ts narrow dimension, as shown in FIG. 9a. The
scanhead functions to detect light reflected from the bill 44 as the bill 44 moves past the
scanhead 70 to provide an analog representation of the variation in reflected light, which,
in turn, represents the variation in the dark and light content of the printed pattern or
indicia on the surface of the bill 44. This variation in light reflected from the narrow

dimension scanning of the bills serves as a measure for distinguishing, with a high degree
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of confidence, among a plurality of currency denominations which the system 1s

programmed to handle. The standard optical scanhead 70 and standard intensity
scanning process is described 1n detail in U.S. Patent No. 5,687.963 entitled "Method and
Apparatus for Discriminating and Counting Documents,” assigned to the assignee of the
present invention and incorporated herein by reference in its entirety.

~ The standard optical scanhead 70 produces a series of such detected retlectance
signals across the narrow dimension of the bill, or across a selected segment thereot, and
the resulting analog signals are digitized under control of the PROCESSOR 54 to yield a
fixed number of digital reflectance data samples. The data samples are then subjected to

a normalizing routine for processing the sampled data for improved correlation and tor

- smoothing out variations due to “contrast” fluctuations in the printed pattern existing on

the bill surface. The normalized reflectance data represents a characteristic pattern that 1s
unique for a given bill denomination and provides sufficient distinguishing teatures
among characteristic patterns for different currency denominations.

In order to ensure strict correspondence between reflectance samples obtamed by
narrow dimension scanning of successive bills, the reflectance sampling process 1s
preferably controlled through the PROCESSOR 54 (FIG. 1) by means of an optical
encoder 14 (FIG. 1) which is linked to the bill transport mechanism 38 (FIG. 1) and
precisely tracks the physical movement of the bill 44 past the scanhead 70. More
specifically, the optical encoder 14 is linked to the rotary motion of the drive motor
which generates the movement imparted to the bill along the transport path. In addition,
the mechanics of the feed mechanism ensure that positive contact is maintained between
the bill and the transport path, particularly when the bill 1s being scanned by the
scanhead. Under these conditions, the optical encoder 14 is capable of precisely tracking
the movement of the bill 44 relative to the portion of the bill 4% illuminated by the
scanhead 70 by monitoring the rotary motion of the drive motor.

According to one embodiment, in the case of U.S. currency bills, the output of the
sensor 74a is monitored by the PROCESSOR 54 to initially detect the presence of the
bill adjacent the scanhead and, subsequently, to detect the starting point of the printed
pattern on the bill, as represented by the borderline 44a which typically encloses the

printed indicia on U.S. currency bills. Once the borderline 44a has been detected, the
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optical encoder 14 1s used to control the timing and number of reflectance samples that

are obtained from the output of the sensor 74b as the bill 44 moves across the scanhead
70.

According to another embodiment, in the case of currency bills other than U.S.
currency bills, the outputs of the sensor 74 are monitored by the PROCESSOR 54 to
initially detect the leading edge 44b of the bill 44 adjacent the scanhead. Because most
currencies of currency systems other than the U.S. do not have the borderline 44a, the
PROCESSOR 54 must detect the leading edge 44b for non U.S. currency bills. Once the
leading edge 44b has been detected, the optical encoder 14 is used to control the timing

and number of reflectance samples that are obtained from the outputs of the sensors 74 as

- the bill 44 moves across the scanhead 70.

The use of the optical encoder 14 for controlling the sampling process relative to
the physical movement of a bill 44 across the scanhead 70 is also advantageous in that
the encoder 14 can be used to provide a predetermined delay following detection of the
borderline 44a or leading edge 44b prior to initiation of samples. The encoder delay can
be adjusted in such a way that the bill 44 is scanned only across those segments 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 (approximately 5 cm) portion of currency bills, as scanned
across the central section of the narrow dimension of the bill (see segment SEG; of FIG.
9a), provides sufficient data for distinguishing among the various U.S. currency
denominations. Accordingly, the optical encoder 14 can be used to control the scanning
process so that reflectance samples are taken for a set period of time and only after a
certain period of time has elapsed after the borderline 44a is detected, thereby restricting
the scanning to the desired central portion of the narrow dimension of the bill 48.

FIGS. 9a-9c illustrate the standard intensity scanning process for U.S. currency
bills in more detail. Referring to FIG. 9a, as a bill 44 is advanced in a direction parallel
to the narrow edges of the bill, scanning via a slit in the scanhead 70 is effected along a
segment SEGg of the central portion of the bill 44. This segment SEGq begins a fixed
distance Dg inboard of the borderline 44a. As the bill 44 traverses the scanhead 70, a
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portion or area of the segment SEGg 1s illuminated, and the sensor 74 produces a

continuous output signal which 1s proportional to the intensity of the light reflected from
the illuminated portion or area 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 1llustrated 1in FIGS. 9b-9c, 1t 1s preferred that the sampling intervals be
selected so that the areas that are illuminated for successive samples overlap one another.
The odd-numbered and even-numbered sample areas have been separated 1in FIGS. 9b
and 9c to more clearly illustrate this overlap. For example, the first and second areas S1

and S2 overlap each other, the second and third areas S2 and S3 overlap each other, and

- so on. Each adjacent pair of areas overlap each other. In the illustrative example, this is

accomplished by sampling areas that are 0.050 inch (0.127 cm) wide, L. at 0.029 inch
(0.074 cm) intervals, along a segment SEGq¢ that 1s 1.83 inch (4.65 cm) long (64
samples). The center-to-center distance N between two adjacent samples 1s 0.029 1inches
and the center-to-center distance M between two adjacent even or odd samples 1s 0.058

inches. Sampling is initiated at a distance D¢ of .389 1inches inboard of the leading edge

44b of the bill.

While 1t has been determined that the scanning of the central area of a U.S. bill
provides sufficiently distinct patterns to enable discrimination among the plurality ot U.
S. currency denominations, the central area or the central area alone may not be suitable
for bills originating in other countries. For example, for bills originating from Country 1,
it may be determined that segment SEG, (FIG. 9d) provides a more preferable area to be
scanned, while segment SEG,, (FIG. 9d) is more preferable for bills originating from
Country 2. Alternatively, in order to sufficiently discriminate among a given set of bills,
it may be necessary to scan bills which are potentially from such set along more than one
segment, e.g., scanning a singie bill along both SEG, and SEG,. To accommodate
scanning in areas other than the central portion of a bill, multiple standard optical
scanheads may be positioned next to each other along a direction lateral to the direction
of bill movement. Such an arrangement of standard optical scanheads permit a bill to be

scanned along different segments. Various multiple scanhead arrangements are

described in more detail in U.S. Patent No. 5,652,802 entitled *“ Method and Apparatus
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for Document Identification™ assigned to the assignee of the present application and

incorporated herein by references 1n its entirety.

The standard optical sensing and correlation technique is based upon using the
above process to generate a series of stored intensity signal patterns using genuine bills
for each denomination of currency that the currency handling system 10 is programmed
to recogmze. According to one embodiment, tour sets of master intensity signal samples
are generated and stored within the memory 56 (see FIG. 1) for each scanhead for each
detectable currency denomination. In the case of U.S. currency, the sets of master
intensity signal samples for each bill are generated from standard optical scans,
performed on one or both surfaces of the bill and taken along both the “forward” and
“reverse’ directions relative to the pattern printed on the bill.

In adapting this technique to U.S. currency, for example, sets of stored intensity
signal samples are generated and stored for seven different denominations of U.S.
currency. ie., $1, $2, $5, $10, $20, $50 and $100. For bills which produce significant
pattern changes when shifted slightly to the left or right, such as the $10 bill in U.S.
currency, two patterns may be stored 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 long dimension of the bill. Once the master patterns
have been stored, the pattern generated by scanning a bill under test is compared by the
PROCESSOR 54 with each of the master patterns of stored standard intensity signal
samples to generate, for each comparison, a correlation number representing the extent of
correlation, i.e., similanty between corresponding ones of the plurality of data samples,
for the sets of data being compared.

When using the upper standard scanhead 70, the PROCESSOR 54 is programmed
to 1dentify the denomination of the scanned bill as the denomination that corresponds to
the set of stored intensity signal samples for which the correlation number resulting from
pattern comparison 1s 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 i1dentified as belonging to a valid denomination, a bi-level
threshold of correlation 1s used as the basis for making a “positive” call. Such methods

are disclosed 1n U.S. Patent Nos. 5,295,196 entitled “Method and Apparatus for Currency
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Discrimination and Counting™ and U.S. Patent No. 5.687.963 which are Incorporated

herein by reference 1n their entirety. If a “positive” call can not be made for a scanned
bill. an error signal 1s generated.

When master characteristic patterns are being generated, the reflectance samples
resulting from the scanning by scanhead 70 of one or more genuine bills for each
denomination are loaded into corresponding designated sections within the memory 56.
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 56, with the corresponding master characteristic patterns stored within the
memory 56. A pattern averaging procedure for scanning bills and generating master
characteristic patterns is described in U.S. Patent No. 5,633,949 entitled “Method and
Apparatus tor Currency Discrimination,” which is incorporated herein by reference in its
entirety.

B. Full Color Scanhead

Returning to FIG. 8, there is shown a functional block diagram of one cell 334 of
the color scanhead 300 according to one embodiment of the present invention. As will
be described in more detail below, the color scanhead may comprise a plurality of such
cells. The illustrative cell includes a pair of light sources 308 (e.g. fluorescent tubes)
directing light onto the bill transport path. A single light source, e. g., single fluorescent
tube or other light source, could be used without departing from the invention. The light
sources 308 1lluminate a substantially rectangular area 48 upon a currency bill 44 to be
scanned. The cell comprises three filters 306 and three sensors 304. Light reflected off
the 1lluminated area 48 passes through filters 306r, 306b and 306g positioned below the
two light sources 308. Each of the filters 306r, 306b and 306g transmits a different
component of the reflected light to corresponding sensors or photodiodes 3041, 304b and
304g, respectively.

In one embodiment, the filter 306r transmits only a red component of the
reflected light, the filter 306b transmits only a blue component of the reflected light and
the filter 306g transmits only a green component of the reflected light to the
corresponding sensors 304r, 304b and 304g, respectively. The specific wavelength

ranges transmitted by each filter beginning at 10% transmittance are:
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Red 580 nm to 780 nm,
Blue 400 nmto 510 nm,
Green 480 nm to 580 nm.

The specific wavelength ranges transmitted by each filter beginning at 80% transmittance

5 are:

Red 610 nmto 725 nm,
. Blue 425 nm to 490 nm,

Green 525 nm to 575 nm.
Upon receiving their corresponding color components of the reflected light, the sensors
10 304r, 304b and 304g generate red, blue and green analog outputs, respectively,
representing the variations in red, blue and green color content in the bill 44. These red.
blue and green analog outputs of the sensors 304r, 304b and 304g, respectively, are
amplified by the amplifier 58 (FIG. 1) and converted into a digital signal by the analog-
to-digital converter (ADC) unit 52 whose output is fed as a digital input to the central
15 processing unit (CPU) 54 as described above in conjunction with FIG. 1.

Stmtlar to the operation of the standard optical scanhead 70 embodiment
described above, the bill transport path is defined in such a way that the transport
mechanism 38 moves currency bills with the narrow dimension of the bills being parallel
to the transport path and the scan direction. The color scanhead 300 functions to detect

20 hight retlected from the bill as the bill moves past the color scanhead 300 to provide an
analog representation of the color content in reflected light, which, in turn, represents the
variation in the color content of the printed pattern or indicia on the surface of the bill.
The sensors 304r, 304b and 304g generate the red, blue and green analog representations
of the red, blue and green color content of the printed pattern on the bill. This color

25 content in light reflected from the scanned portion of the bills serves as a measure for
distinguishing among a plurality of currency types and denominations which the system
1s programmed to handle.

According to one embodiment, the outputs of an edge sensor (to be described
below in connection with FIG. 13) and the green sensors 304g of one of the color cells
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