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DOCUMENT IMAGING AND PROCESSING SYSTEM

FIELD OF THE INVENTION

[0001] The field of the invention relates generally to document processing systems.
More particularly, the present invention relates to systems for the imaging and handling of
financial documents along with systems for processing information extracted from financial -

documents.

BACKGROUND OF THE INVENTION

[0002] In the financial banking industry, and in general, it is important that
counterfeit or forged financial documents (for example, currency bills or checks) be
discovered quickly and accurately. There is a need for improved financial- document
processing systems and, in particular, for improved currency processing systems including
currency processing systems that can image currency bills, retain electronic records
containing the image of processed currency bills or portions thereof, and data associated with
those images and/or processed bills. There is also a need for financial document proéessing

systems with improved systems for processing data associated with financial documents.

SUMMARY OF THE INVENTION

[0003] According to some embodiments, a document processing system comprises
one or more currency scanning devices configured to rapidly process a stack of currency
bills, obtain images of the processed bills, and extract information from the images of the
processed bills that uhiqﬁely idenfify a bill. The system further comprises a processor
connected to the one or more scanning devices. The processor is configured to receive the
images and/or the extracted information from the scanning devices and is further configured
to employ a correction routine configured to adjust errors in the extracted information from
the document image.

[0004] According to some embodiments, a document processing device comprises an
input receptacle configured to receive a plurality of documents and an image scanner
configured to obtain a document image of at least a portion of one side of each of the

plurality of documents. The scannér is further configured to extract information from the



WO 2008/112132 PCT/US2008/003009
2

document image. The device further comprises a transport mechanism configured to
transport each of the plurality of documents one at a time from the input receptacle passed the
image scanner and to an output receptacle. A controller is coupled to the transport
mechanism and to the image scanner. The controller is configured to at least partially control
the transport mechanism and the image scanner. A memory is coupled to at least one of the
controller and the image scanner. The memory being configured to store at least one of
information extracted from the document image and information identifying at least one of
counterfeit and forged documents., The device further comprises a'processor that is coupled
to the memory. The processor is configured to compare the information extracted from the
document image with information stored in the memory for identifying at least one of
counterfeit and forged documents. The processor further being configured to identify at least
one of a suspected counterfeit and forged document based on the comparison operation. The
document processing device continuously transports documents during the comparison and
identification operation. Moreover, the information extracted from the document image at
least partially contains character information obtained from a predetermined field of the
document image. The processor m;y also contain a search routine configured to search the
character information. | '
[0005]  According to some embodiments, a document processing system comprises a
‘plurality of document scanning devices that extract information from document images. The
document system further comprises a central processor remotely connected to the document
scanning devices. The central processor is configured to receive the document images and
the extracted information from the document scanning devices. The central processor is
further configured to employ a correction routine configured to adjust an error in the
extracted information from the document image.

[0006] According to some embodiments, a currency note processing device comprises at
least one input receptacle configured to receive a plurality of currency notes and an image
scanner configured to obtain at least a partial image of at least one side of each of the
plurality of currency notes. ~ The currency note processing device further comprises a
transport mechanism configured to transport each of the plurality of currency notes one at a
time from the input receptacle to the image scanner and from the image scanner to an output

receptacle. A controller is coupled to the transport mechanism and to the image scanner. The
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controller is configured to at least partially control the transport mechanism and the image
scanner. A memory, configured to store the at least partial image, is coupled to the image
scanner. The currency note processing device further comprises a processor coupled to the
memory. The processor is configured to denominate the plurality of currency notes by
applying a denominating algorithm to the stored at least partial image.

[0007] According to certain embodiments, a document processing device comprises an
input receptacle configured to receive a plurality of documents and an image scanner
configured to obtain a document image of at least a portion of at least one side of each of the
plurality of documents. The scanner is further configured to extract information from the
document image. The document processing device further compfises a transport mechanism
configured to transport each of the plurality of documents one at a time from the input
receptacle to the image scanner and from the image scanner to an output receptacle. A
controller is coupled to the transport mechanism and to the image scanner. The controller is
configured to at least partially control the transport mechanism and the image scanner. A
memory, coupled to at least one of the controller and the image scanner, is configured to store
the information from the document image. The document processing device further
compfises a processor coupled to the memory. The processor is configured to execute a
correction routine that applies a first algorithm for automatically adjusting errors identified in
the extracted information.

[0008] Additional aspects and other advantages of the inventibn will become apparent

upon reading the following detailed description and upon reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the following, certain embodiments of the invention will be described with
reference to the drawings, wherein: _

[0010]  FIG. | is a functional block diagram of a document scanning device according
to some embodiments of the present disclosure.

[0011] FIG. 2a is a perspective view of a compact document scanning device
according to some embodiments of the present disclosure.

[0012] FIG. 2b is a side cross-sectional view of the device shdwn in FIG. 2a.
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(0013} FIG. 3a is a perspective view of a compact document scanning device having
multiple pockets according to some embodiments of the present disclosure.

[0013] FIG. 3b is a side cross-sectional view of the device shown in FIG. 3a.

[0014] FIG. 4a is a perspective view of a document scanning device according to

some embodiments of the present disclosure.

[0015]) FIG. 4b is a top partial view of the device shown in FIG. 4a.

[0016) FIG. 4c is a side, partial sectional view of the device shown in FIG. 4a.

[0017] FIG. 4d is an enlarged partial, sectional view of area 4d from FIG. 4c.

[0018] FIG. 4e is a functional block diagram of an image scanner configuration

according to some embodiments of the present disclosure.

[0019] FIG. 4f is a functional block diagram of a document scanning device
according to some embodirﬁents of the present disclosure.

[0020] FIG. S is a flowchart describing the operation of an OCR algorithm for
extracting character information according to some embodiments of the present disclosure.
[0021] FIG. 6a is a top view of a document being transported past an image scanner
in a wide-edge leading manner according to some embodiments of the present disclosure.
[0022] FIG. 6b is a top view of a document being.transported past an image scanner
in a narrow-edge leading manner according to some embodiments of the present disclosure.
[0023] FIG. 7a is a representation of an image file of a currency bill according to
some embodiments of the present disclosure.

[0024) FIG. 7b is a representation of an image file -of a check according to some
embodiments of the present disclosure.

[0025] FIG. 8 is a representation of a database of serial number information according
to some embodiments of the present disclosure.

[0026] FIG. 9 is a representation of én interface for correcting incomplete serial
number extractions according to some embodiments of the present disclosure.

[0027] FIG. 10 is a flowchart of a search routine according to some embodiments of
the present disclosure. |

[0028] FIG. 11a is a block diagram of a document processing system according to

some embodiments of the present disclosure.
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{0029} FIG. 11b is a block diagram of a document processing system according to
some embodiments of the present disclosure.
[0030] FIG. 11c is a block diagram of a document processing system according to
some embodiments of the present disclosure.
[0031] FIG. 12a' is a ﬁowchart describing the operation of a document processing
system according to some embodiments of the present disclosure.
[0032] FIG. 12b is a flowchart describing the operation of a document processing
system according to some embodiments of the present disclosure.
[0033] FIG. 13 a functional block diagram of a currency note scanning device
according to some embodiments of the present disclosure.
[0034] FIG. 14a is a top view of an input receptacle according to some embodiments

of the present disclosure.

10035] FIG. 14b is a top view of the input receptacle of FIG. 14a with the slidable
guides adjusted to accommodate a narrower edge of a document.

[0036] FIG. 15ais a top view of an image of a currency bill having an image portion.
[0037] FIG. 15b is a top view of the image portion of FIG. 15a with a plurality of
sample areas defined. '

10038] FIG. 15c is a top view of one of the sample areas of FIG. 15b.

[0039] While the invention is susceptible to various modifications and alternative

forms, specific embodiments have been shown by way of example in the drawings and will
be described in detail herein. It should be understood, however, that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention is 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 ILLUSTRATIVE EMBODIMENTS

[0040] ~ When describing various embodiments, the term “currency bills” refers to
official currency bills including both U.S. currency bills, such as a $1, $2, $5, $10, $20, $50,
or $100 note, and foreign currency bills.

[0041] Foreign currency bills are bank notes issued by a non-U.S. governmental

agency as legal tender, such as a Euro, Japanese Yen, or British Pound note.
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{0042] “Substitute currency notes” are sheet-like documents similar to currency bills
but are issued by non-governmental agencies such as casinos and amusement parks and
include, for example, casino script and Disney Dollars. Substitute currency notes each have a
denomination and an issuing entity associated therewith such as a $5 Disney Dollar, a $10
Disney Dollar, a $20 ABC Casino note and a $100 ABC Casino note.

[0043] “Currency notes” consist of currency bills and substitute currency notes.
[0044) “Substitute currency media” are documents that represent a value by some
marking or characteristic such as a bar code, color, size, graphic, or text. Examples of
“substitute currency media” include without limitation: casino cashout tickets (also variously
called cashout vouchers or coupons) such as “EZ Pay” tickets issued by International Gaming
Technology or “Quicket” tickets issued by Casino Data Systems; casino script; promotional
media such as Disney Dollars or Toys ‘R Us “Geoffréy Dollars”; or retailer coupons, gift
certificates, gift cards, or food stamps. Accordingly, substitute currency media includes, but
is not limited to, substitute currency notes. Substitute currency media may or may not be
issued by a' governmental body.

[0045] The term “currency documents™ includes both currency bills and “substitute
currency media.” |

{0046] The term “non-currency documents” includes any type of document, except
currency documents.

[0047] Although many embodiments refer to the “denomination” of currency bills as
a criterion used in judging the currency bills, other predetermined criteria can be used to
judge the currency bills or documents, such as, for example, color, size, orientation, series,
fitness, condition, etc.

|0048] Various embodiments described herein can be used to judge non-currency
documents and/or currency documents-according to one or more predetermined criteria, such
as color, size, shape, orientation, series, fitness, condition, etc.

[0049] Everyday, businesses and people unknowingly accept counterfeit currency
documents as genuine. A counterfeit currency document is a currency document which is not
issued by an authorized maker. For example, in the case of U.S. currency bills, a counterfeit
currency bill would be a document printed to look like a genuine U.S. bill but not printed by

the U.S. Treasury Department’s Bureau of Engraving and Printing. In terms of casino script,
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a counterfeit currency document would be a script that is not issued by the casino or one that
has been tampered with or altered.

[0050] The term “businesses” refers to any business or entity accepting money from
another entity or person. Throughout most of this description, the term “bank” will be used
for ease of description. It should be understood, however, that this disclosure also applies to
people, companies, corporations, other financial institutions such as savings and loans, and
any other entity that receives currency bills or currency documents. To reduce the costs
associated with receiving counterfeit currency documents and to prevent the receiving entity,
such as a bank, from having to assume all of the risks and costs from accepting counterfeit
currency documents, a document processing system according to the present disclosure may
be used. |

0051} Turning now to FIG. 1, a block diagram of a document scanning device 100
according to some embodiments of the present disclosure is illustrated. The document
scanning device 100 includes an input receptacle 110, a transport mechanism 120, and an
output receptacle 130. Only one input receptacle 110 and one output receptacle 130 are
illustrated in FIG. 1. According to other embddiments, however, the document scanning
device 100 may include a varying number of input receptacles 110 and output receptacles
130. For example, according to some embodiments, the device 100 may have two input
receptacles, one for currency bills and one for checks, or simply to accommodate a greater
number of currency documents. As another example, a device 100 can have a single input
receptacle 110 capable of accommodating both currency bills and checks within input
receptacle 110 and one or more output receptacles 130. According to some embodiments, the
document scanning device 100 may be adapted to receive a stack of intermingled currency
bills and checks in the input receptacle 110 and to process the intermingled stack of
documents. |

[0052] An opefator inserts a currency document 135 into the input receptacle 110. In
this application, the term “operator” refers to someone operating scanning device under
‘normal operating conditions such as a bank employee or customer. The document scanning
device 100 may be used in a variety of situations. For example, the document scanning
device 100 may be used as an unattended device, like an Automated Teller Machine (ATM)

or other interfaced device, in which the operator is a customer who uses the device to deposit
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currency documents and/or checks into a bank account. In another embodiment, the
document scanning device 100 may be a non-interfaced, stand-alone device. In another
embodiment, the document scanning device 100 may be a semi-attended device where both a
customer and an employee are at the device. In another alternative embodiment, the
document scanning device 100 may be used only by employees of the bank or other entity
using it.

[0053] According to some embodiments, the document scanning device 100 may be
adapted to receive only one currency document at a time. According to other embodiments,
the document scanning device may be adapted to receive a stack of currency documents in
the input receptacle 110. The transport mechanism 120 is coupled to the input receptacle.l 10
and is adapted to transport currency bills or documents along a transport path through the
‘document scanning device 100, past an image scanner 140 and to one or more output
receptacles 130. According to some embodi;nents, a controller or processor 150 is linked to.
the image scanner 140, the transport mechanism 120, a memory 160, and an operator
interface or control panel 170. The controller is adapted to control the operation of the
transport mechanism 120 and the image scanner 140, communicate information to and from
the memory 160, and to communicate information to and from the operator coritrol panel 170.
For example, the controller 150 may send display information to and receive operator input
from the operator control panel 170.

[0054] Once the imaée scanner 140 receives an instruction from the controller 150,
the image scanner 140 scans a currency document 135, and obtains an image of the currency
document. The image may be an image of substantially the entire currency document 135 (a
“full image”) or of selected portions of the currency document 135. The image scanner 140
or controller 150 may contain data extraction software such as optical character recognition
(OCR) software for identifying the characters contained in one or more fields of the image of
a currency document. For example, the OCR software may implement a search of the full
image of a currency bill for a serial number field, extract the serial number once the field is
located, and transfer the determined serial number data to the memory 160 through the
controller 150 for storage. In an alternative embodiment, the rimage. scanner 140 is directly

linked to the memory 160 for the transfer and storage of the images and/or extracted data.
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[0055] The memory 160 may be adapted to store the images of the currency
documents 135 or other documents scanned by the image scanner 140. According to some
embodiments, the memory 160 is adapted to store the full image of processed currency
documents 135 or other processed documents (that is, data associated with a picture of the
entire document 135). According to some embodiments, the memory 160 may be adapted to
only store an image of a portion of currency documents 135. For example, it may be that the
memory 160 only needs to store an image of half of the currency document 135 and still have
the fields needed for a particular application. According to some embodiments, the memory
160 is also adapted to store extracted information, such as information which may be used to
uniquely identify bills, track documents, and/or assist in detecting counterfcit currency
documents. For example, it is known that people who create counterfeit U.S. currenc‘y bills
often reuse the same serial number on the counterfeit currency bills. Therefore, according to
some embodiments, the memory 160 is adapted to store serial numbers associated with
known counterfeit bills and/or the serial numbers extracted from bills otherwise detérmined
to be suspected counterfeit bills by the scanning device 100. ‘

[0056] According to some embodirﬁents, when a currency bill is scanned, the
controller 150 or an alternate computing device 180 compares the serial number of the
scanned currency bill against any serial numbers stored in the memory 160. If a match is
found, the controller 150 may send a‘signal to the operator control panel 170 to indicate that a
suspected counterfeit bill has been found. In some embodiments, the bill suspected to be
counterfeit may be flagged. In some embodiments, a number of data can be used to assess
* whether a bill is a suspect bill, including serial number, denomination, series, issuing bank,
image quality, infrared characteristics, ultraviolet characteristics, color shifting ink,
watermarks, metallic threads, holograms, etc., or some combination thereof.

[0057] In other types of currency documents, another predetermined or encoded field
may be used to check for authenticity. For example, in bar coded tickets or currency
documents using bar codes, certain bar codes may be known to be counterfeit. Alternatively,
other security features, such as certain arrangements only going with certain denominations,
may be utilized to determine the authenticity of the currency bill. For examp]e, a hologram
may only be used with high denomination currency bills, so a lower denomination bill that

has a hologram would be recognized as being counterfeit. Other-encoded fields may also be
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utilized in a similar fashion. In some embodiments, the fields utilized may be overt security
codes, such as a series number, or they may be covert security codes that are not made public
by the government to provide greater security, such as magnetic coated threads or radio
frequency identification (RFID) tags.

[0058] In some embodiments, the controller 150 may cause the operation of the
document scanning device 100 to halt once a counterfeit currency document is flagged or
detected so that the suspect document may be examined. According to some embodiments,
such as devices having more than one output receptaclé, suspected counterfeit bills may be
off-sorted to another output receptacle, while the document scanning device 100 continues to
run. Once this occurs, the operator may be notified of the serial number of the counterfeit bill
via the operator control panel 170. Thle operator control panel 170 may be, for example, a
display screen that is capable of depicting images or it may only be an LED light that
illuminates or blinks to warn of a counterfeit currency document.

[0059] According to some embodiments, the document scanning device 100 is

communicatively coupled to a separate computing device or processor 180 such as a personal

computer (PC). In some embodiments, the scanning device 100 is édapted to obtain images

of processed currency documents or checks and to send those images to a PC 180 or other

remote device able to process the images. According to some embodiments, the data

extraction from the obtained images, such as by OCR software and/or additional image

processing, is performed on a computing device 180 that is separate from document scanning

device 100 as opposed to within the scanning device 100 itself. In other embodiments, data

extraction such as via OCR is performed within the document scanning device 100, such as

on a processor that is part of image scanner 140 or controller 150.

[0060) According to some embodiments, the extracted data such as OCRed characters

retrieved from a scanned image of a currency bill are then sent to an external computing

device 180 for further processing or storage. In an exemplary embodiment, a document

scanning device is self-contained to perform the computing operations needed to perform one

or more of the following tasks: obtain a full image of a éurrency bill, capture the currency

bill serial number, recognize the currencyi bill denomination, identify the currency bill series,
perform an OCR algorithm to extract character information from the currency bill, enhance

an image such as by deskewing, correct errors to the OCR character information extracted
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from a currency bill, and/or transferring extracted data to a database. In other embodiments,
image and extracted character data may be sent to an external device such as a prnter,
computer, and/or external storage device. Image and extracted character data can be used to
dpd'ate customer account information, identify counterfeit documents, and/or provide an
archive record for retrieval at a later date.
[0061] Additional information regarding scanning devices, systems, and method
associated with the present disclosure may be found in:
U.S. Application No. 11/194,380, filed on AAugust 1, 2005, and published as U.S. Pub.
No. 2005-0265591 Al,;
U.S. Application No. 11/198,065, filed on August 5, 2005, and .published as U.S. Pub.
No. 2006-0010071 Al;
U.S. Application No. 11/199,511, filed on August 8, 2005, and published as U.S. Pub.
No. 2005-0278239 Al;
U.S. Application No. 09/965,428, filed September 27, 2001, now issued as U.S.
Patent No. 7,187,795;and |
U.S. Application Nd. 10/638,231, filed on August 7, 2003, and published as U.S. Pub.
No. US 2004-0028266 Al.
Each of the applications and publications identified above are incorporated herein by
reference in their entireties.
[0062] FIGS. 2a and 2b depict a compact document scanning device 200 according to
some embodiments of the present disclosure. The compact document scanning device 200
illustrated in FIGS. 2a and 2b is described and illustrated in more detail in U.S. Patent No.
5,687,963, which is incorporated herein by reference in its entirety. The device 200 contains
one or more image scanners as described in thé present disclosure. Documents are fed one by
one from a stack of documents placed in an input receptacle 209 into a transport mechanism.
The transport mechanism includes a transport plate or guide plate 240 for guiding a document
to an output receptacle 217. Before reaching the output receptacle 217, the document can, for
example, be imaged, denominated, evaluated, analyzed, counted, and/or otherwise processed
by a full image scanning module 250 and/or other sensors.
[0063] The compact document scanning device 200 in FIG. 2a has an operator

" interface 261, such as, a touch panel display. According to some embodiments, the touch
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panel display displays “functional” keys when appropriate. The touch panel display 261
simplifies the operation of the compact document processing system 200. Alternatively or
additionally, the operator interface may contain physical keys or buttons and/or another type
of display such as an LED display. For example, a ten key numerical keypad may be utilized.
[0064) © According to some embodiments, a pair of driven stacking wheels 212, 213 -
are located in the output receptacle 217 and come into contact with the documents as the
documents are transported into the output receptacle 217. The stacking wheels 212, 213 are
supported for rotational movement about respective shafts 215 journalled on a rigid frame
and driven by a motor (not shown). Flexible blades of the driven stacking wheels 212, 213
deliver the documents onto a forward end of a stacker plate 214. While stacking wheels with
flexible blades are shown, for example in FIG. 2, other known techniques for stacking
documents may be used.

’ 10065] According to some embédiments, the document scanning device 200 is
compact, having a height (H;) of about 9 to 12% inches, ‘a width (W;) of about 11 to 15
inches, and a depth (D,) of about 12 to 16 inches. According to some embodiments, the high-
speed scanning device 200 has a footprint of less than 2 square feet. According to some
embodiments, the high-speed scanning device 200 has a footprint of less than 12 square feet.
According to some embodiments, the high-speed scanning device 200 has a footprint of less
than 1 square feet.

[0066] 'FIGS. 3a and 3b depict an exterior perspective view and a side cross-sectional
view of a multi-pocket compact document scanning device 300 containing one or more image
scanners, as described in the present disclosure. According to some embodiments, the
process for carrying documents through the system is the same as discussed above, .except
that the processing system has two output receptacles 317a, 317b. In the illustrated
embodiment, a diverter 360 directs the documents to either the first or second output
receptaclé 317a, 317b. When the diverter 360 is in a lower position, documents are directed
to the first output receptacle 317a. When the diverter 360 is in an upper position, documents
proceed in the direction of the second output receptacle 317b. Details of multiple output
receptacles and devices are described in International Publication No. WO 97/45810, which
is incorporated herein by reference in its entiréty. According to some two pocket

embodiments, counterfeit documents may be off-sorted without having to stop the device.
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Also, such embodiments may be used in sorting between different types of documents,
denominations, or series. ‘

[0067) According to some embodiments, the document scanning device 300 is
compact, having a height (Hs) of about 17 %2 inches, a width (W3) of about 13 %2 inches, and a
depth (D3) of about 15 inches. According to some embodiments, the document scanning
device has dimensions of a height (H3) of about 20 inches, a width (W3) of about 15 inches,
and a depth (D3) of about 18 inches. The document scanning device 300 may be rested on a
tabletop. According to some embodiments, the high-speed scanning device 300 has a
footprint of less than 2 square feet. According to some embodiments, the high-speed
scanning device 300 has a footprint of less than 1’2 square feet. According to some
embodiments, the high-speed scanning device 300 has a footprint of less than 210 in?.

[0068] According to some embodiments of compact document scanning devices 100,
200, 300, documents are transported, imaged, scanned, and identified at a rate of beﬂtween
~ about 300 to about 400 documents per minute. According to some embodiments of compact
document séanning devices 100, 200, 300, documents are transported, imaged, scanned, and
identified at a rate in excess of 600 documénts per minute. In other embodiments, documents
such as checks or currency bills are transported, imaged, scanned, and identified at a rate in
excess of 800 bills or documents per minute by the scanning devices 100, 200, 300. In yet
other embodiments, documents such as checks or currency bills are transported, imaged,
scanned, and identified at a rate in excess of 1000 bills or documents per minute by the
scanning devices 100, 200, 300. In some embodiments, documents are transported, imaged,
scanned, and identified at a'rate in excess of 1200 bills per minute by the scanning devices
100, 200, 300. According to some embodiments, the scanning devices 160, 200, 300
transport documents at a rate in excess of 1500 bills per minute.

[0069] FIGS. 4a-4d depict a document scanning device 400 according to some
embodiments of the present disclosure. FIG. 4a is a perspective view, FIG. 4b is a top partial
view, and FIG. 4c¢is a side partial sectional view of document scanning device 400. The
document scanning device in the illustrated embodiment has one input receptacle 410 adapted
to receive documents to be processed. A transport mechanism is adapted to feed documents
from the input receptacle 410 along a transport path to one or both of a first output receptacle

430a and a second output receptacle 430b. According to some embodiments, the document
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scanning device 400 has an operator interface or control panel 450. According to some
embodiments, the operator interface 450 comprises a touch screen adapted to display
“functional” keys when appropriate. Alternatively or additionally, the operator interface 450
may contain physical keys or buttons and another type of display such as an LED display.
For example, a ten key numerical keypad may be utilized. According to some embodiments
the operator interface 450 is adapted to display'information regarding the documents being
scanned and/or status information concerning the operation of the scanning device 400. For
example, according to some embodiments, the operator interface 450 is adapted to display the
serial number for a document of concern, such as a currency bill that may be identified as a
possible counterfeit bill or a currency bill whose complete serial number was unreadable by
OCR and requires manual review and possible correction or completion by the operator.
[0070] Documents are fed by the transport mechanism, one at a time or serially past
denominating sensor 455 and then past image scanners .460a, 460b, which are adapted to
retrieve a full or partial image of each passing document. In some exemplary embodiments,
image scanner 460 is an the AMI Semiconductor Model PI1228 image sensor or other similar
models such as image sensors having different light sources or combinations thereof,
including, but not limited to white, red, green, blue, infra-red and/or ultraviolet light image
sensors. According to éome embodiments, the image obtained using the image scanner may
be compressed, for'example into a .jpg or .tif format, in order to minimize the transmission
bandwidth between the various components of a document scanning system. Image
compression is useful for several reasons including the minimization of data transmission
between document processing system components.

[0071] According to some embodiments, the two-pocket document scanning device
400 is compact, having a height (H4) of or less than about 15 inches, a width (W4) of or less
. thén about 10 2 inches, and a depth (D) of or less than about 17 inches. According to some
embodiments, the‘high-speed scanning device 400 has a footprint of less than about 2 square
feet. According to some embodiments, the high-speed scanning device 400 has a footprint of
less than about 1% square feet. According to some embodiments, the higﬁ-spee'd scanning
device 300 has a footprint of less than about 1% square feet. According to some
embodiments, the scanning device 400 weighs less than about 35 lbs. According to some

embodiments, the document scanning device 400 is compact and adapted to be rested on a
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tabletop or countertop. According to some embodiments, the document scanning device can
be a part of a larger document processing device such as, for example, larger systems used for
currency or other types of document sorting. }
[0072) FIG. 4d illustrates an enlarged area 4d from FIG. 4c. In the embodiment

illustrated in FIG. 4d, an upper imager 460a is disposed offset and on the opposite side of the
transport path from a lower imager 460b. According to some embodiments, the imagers
460a, 460b extend laterally across the width of the transport path as shown generally in FIG.
4b. According to some embodiments, imagers 460a and 460b are contact image sensors
(CIS). According to some embodiments, contact image sensors 460a, 460b are spaced apart
. on opposing sides of the transport path such that a gap of approximately 0.03 to 0.09 inches
exists for documents to pass through. According to some embodiments, contact image
sensors 460a, 460b are positioned directly opposite each other and are spaced apart from each
other by approximately 0.05 inches, thus, providing a gap of 0.05 inches for documents to be
imaged to pass through. According to other embodiments, the image scanner is an array of
charge-coupled device (CCD) sensors. According to some embodiments, the image scanners
" 460a, 460b have a depth of field of approximately 0.06 inches. According to some
embodiments, image scanners 460a, 460b may be positioned directly opposite each other and
without employing hold doWn rollers directly opposite each image scanner (see, for example,
FIG. 4e). In certain embodiments, wherein the transport path gap adjacent an image scanner,
such as, between two opposing image scanners or between an image scanner and an opposing
surface or guide of the transport path, is less than the depth of field of the sensors, the image
sensors are adapted to obtain images of sufficient resolution to enable data to be extracted
from the images of document, such as, by OCR, even though the position of a passing
document can fluctuate within the gap as the document passes the sensors. For example,
according to some embodiments, a high-speed U.S. currency imaging device 400 is adapted
to transport and image the front and back U.S. currency bills at 1000 bills per minute using
image sensors 460a, 460b positioned opposite each other (see, for example, FIG. 4e) and
separated by a gap with sufficient resolution that the serial numbers of U.S. currency bills
435 may be accurately extracted (for example, via OCR) from the images of thé bills. In
certain embodiments for the image scanner configuration of FIG. 4e, the gap, G, between the

oppositely positioned scan heads 460a, 460b can range from 0.02 to 0.1 inches.
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[0073] . According to some embodiments, device 400 is a high-speed U.S. currency
imaging device having an input receptacle adapted to receive U.S. currency in a wide-edge
leading manner, that is, U.S. currency is positioned within the input receptacle and
transported through the scanning device 400 such that the wide or long edge of the currency
is generally perpendicular to the transport direction (see FIG. 6a below). According to some
embodiments, the device 400 is adapted to obtain an image of the entire front and back of
each U.S. currency bill transported through the device and extract, completely or partially,
the serial number of each bill. According to some such embodiments, the U.S. scanning
device 400 is adapted to transport, image, extract data, and otherwise process U.S. currency
at a rate in excess of 1,000 bills per minute.
[0074) According to some embodiments, a U.S. currency imaging device 400 has a
transport path width, TW,, of approximately 7.5 inches. In certain embodiments, imaging
device 400 has a transport width of approximately 9 to 10 inches. ’
[0075) According fo some embodiments, device 400 is a high-speed U.S. currency
and check imaging device having an input receptacle adapted to receive both U.S. currency
and standard check in a wide-edge leading manner, that is, documents are positioned within
the input receptacle and transported through the scanning device 400 such that the wide or
Jong edge of the document is generally perpendicular to the transport direction (see, for
example, FIG. 6a). Standard checks generally have a long dimension of 6.0 inches.
According to some embodiments, the device 400 is adapted to obtain an image of the entire
front and back of each U.S. currency bill and standard check transported through the device
and extract, completely or partially, data from the scanned documents such as the serial
number of currency bills. Additional data which is extracted from currency bills and checks,
according to some embodiments, is described in more detail below such as in connection with
FIGS. 7a-7b. According to some such embodiments, a wide-edge leading U.S. currency and
standard check imaging device 400 has a transport path width, TW,, of approximately 7 to 10
inches. According to some such embodiments, the U.S. currency and check scanning device
400 is adapted to transport, image, extract data, and otherwise process U.S. currency and
checks at a rate in excess of 1000 bills or documents per minute.
[0076] Commercial checks are longer than standard checks. Some commercial

checks have a length of up to approximately 9 or 10 inches and a width of approximately 3.5
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inches. According to some embodiments, the scanning device 400 is adapted to receive,
image, and otherwise process U.S. currency bills and standard checks in a wide-edge leading
manner (see FIG. 6a) and also adapted to receive, image, and otherwise process larger
commercial checks in a narrow-edge leading manner (see FIG. 6b). According to some
embodiments, such an imaging device 400 has a transport path width, TWy, of 9 to 10 inches.
[0077] Some embodiments of device 400 are adapted td receive, image, and process
stacks of intermingled currency bills and checks. Alternatively, some embodiments of device
400, are adapted to receive, image, and process stacks of only one type of document at a time.
For example, the device 400 may be adapted to first process and image currency bills and
then, after the stack of currency bills has been processed, to process separately a stack of
checks. |
[0078] FIG. 4f is a schematic representation of document imaging device 400
communicatively coupled to an external procegsor 480 such as a PC. According to some
embodiments, the external processor or PC 480 is communicatively coupled to a monitor or
display 482.
[0079]  According to some embodiments, the output receptacles 430a, 430b of the
device 400 are adapted to receive, documents separated as authenticated and non-
authenticated (for’example, counterfeit or forged) or separated by document types, such as
currency bills and checks.
[0080] According to some embodiments, an image scanning device, such as described
in FIGS. 1-4 and in other embodiments of the present disclosure, can have a scanning
resolution of approximately 100 dots per inch (DPI). Typically, scanning resolutions of 200
DPI or more are used to accommodate OCR software, but the exemplary embodiment in FIG.
5 illustrates an exemplary OCR algorithm adapted to recognize serial numbers on U.S.
currency bills at scanning resolutions as low as 100 DPI accbrding to some embodiments. In
FIG. 5, an OCR algorithm initially selects an area of interest (step 510), such as a snippet of a
serial number from a currency document (see, for example, image 910 in FIG. 9). In the next
‘step, the area of interest 510 or snippet image is binarized (step 520). Next, a minimum
bounding rectangle is determined for a particular serial number (step 530), such as a rectangle
that encompasses the entire alphanumeric serial number from the binarized image snippet.

Next, the bounding rectangle is further subdivided to segment the rectangle into the
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individual characters of the binarized serial number image (step 540). The features of the
binarized characters are then characterized (step 550) using matrix comparison with a
template and/or using feature detection to identify certain identifying characteristics of the
binarized characters. Next, the features of characters are scored or rated (step 560) through
comparison of features to templates of characters or character elements. The scores or ratings
are then evaluated to determine the most probable character match (step 570) based on
estimated confidence levels for the match. In certain exemplary embodiments, OCR
accuracies of or exceeding about 90 percent are obtained for correct recognition of eleven out
of eleven characters in the scanning of serial number information at 100 DPI from U.S.
currency bills and OCR accuracies of or exceeding 95 percent for correct recognitidn of ten
out of eleven characters and of or exceeding 98 to 99 percent for correct recognition of nine
out of eleven characters at 100 DPI for U.S. currency bills. According to some embodiments
utilizing 100 DPI scanning of U.S. currencies, OCR accuracies of or exceeding about 97
percent in recognizing eleven out of eleven characters and of or exceeding 99 percent for ten
out of eleven characters are obtained. According to some embodiments, the degree of
document flutter as a document passes an image sensor can impact the accuracy obtained.

[0081] With the capability of extracting cha’racter information from currency bills at
an approximately 100 DPI scanning resolution, memory and processing demands can be
reduced when using the previously described OCR algorithm. Furthermore, according to
some embodiments, lower resolution scanning enables the image scanner to image a currency
bill quicker than imaging at 200 DPI. In certain embodiments, such as described in
connection with FIGS. 1-4 for example, a document scanning d'evice 100, 200, 300, 400 that
images a currency bill at 100 DPI can image approximately 1,000 documents per minute with
currency bills being fed from the input recepiacle 110 and along the transport path using a
wide-edge feed (that is, a document is transported through the scanning device in a direction
that is perpendicular to a longer edge of the document) and with serial number information
being extracted and currency bills further being denominated at approximately 1,000
documents per minute. According to Some embodiments, devices imaging currency bills at
200 DPI and performing under similar conditions operate at rates of approximately 450

documents per minute.
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[0082) According to some embodiments, an image scanner such as image scanning
device 400 is adapted to obtain a full image of the front and back of a U.S. currency bill,
denominate the bill, extract the bill's serial number, and, if necessary, stop the transport, in
less than approximately 80 milliseconds. In some such ‘embodiments, AMI Semiconductor
Model PI 228 image sensors are employed. According to some embodiments, an image
scanner such as image scanning device 400 is adapted to fee?d and process U.S. currency bills
in a wide-edge leading manner at a rate of about 1000 bills pef minute, while obtaining a full
image of the front and back of each U.S. currency bill, denominate the bill, extracting the
serial number of the bill, and, if necessary, stop the transport in less than approximately 80
milliseconds. According to some embodiments, an image scanner such as image scanning
device 400 is adapted to feed and process U.S. currency bills in a wide-edge leading manner
at or in excess of about 1000 bills per minute and obtain a full image of the front and back of
each U.S. currency bill and to extract the serial numbers of the bills in less than
approximately 50 milliseconds after the images of the front and back of a U.S. currency bill
has been obtained.

[0083] According to some embodiments, an image scanner, such as, image scanning
device 400, is adapted to feed and process U.S. currency bills in a wide-edge leading manner
at or in excess of about 1000 bills per minute while obtaining a full image of the front and
back of each U.S. currency bill and extracting the serial numbers bfthe bills before the bills
have been transported approximately 5 to 6 inches past the last image scanner (for example,
image sensor 460a). According to some such embodiments, a multi-output receptacle
imaging device 400 is provided wherein a first document diverter is positioned at or less than
5 to 6 inches downstream of the last image scanner and wherein the device is adapted to sort
documents based on the scanned imaged and/or extracted data, such as, extracted bill serial
numbers, using the diverter.

[0084] - According to some embodiments, an image scanner, such as, image scanning
device 400, is adapted to feed and process U.S. currency bills in a wide-edge leading manner
at or in excess of about 1000 bills per minute while obtaining a full image of the front and
back of each U.S. currency bill using image sensors positioned opposite each other along a
transport path and extracting the serial numbers of the bills before the bills have been

transported approximately 5 to 6 inches past the image scanners. According to some such
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embodiments, a multi-output receptacle imaging device 400 is provided wherein the device is
adapted to sort documents based on the scanned images and/or data extracted from images
obtained using the image sensors such as extracted bill serial numbers using a diverter
positioned at or less than 5 to 6 inches downstream of the image sensors.

[0085] According to some embodiments, an image scanner, such as, image scanning
device 400, is adapted to feed and process currency documents, such as, U.S. currency bills,
at or in excess of about 1000 bills per minute while obtaining a full image of the front and
back of each U.S. currency bill and extracting data such as the serial numbers of bills before
the documents have traveled approximately 5 to 6 inches past the last image scanner (for
example, image sensor 460a). According to some such embodiments, a multi-output
reéeptacle imaging device 400 is provided whergin a document diverter is positioned at or
less than 5 to 6 inches downstream of an image scanner and wherein the device is adapted to
sort documents based on the scanned imaged obtained from the image scanner and/or data
extracted from the obtained image such as extracted bill serial numbers using the diverter.
[0086]) In certain embodiments, such as described above, the image scanners
described for the document scanning devices of the present disclosure have a depth of field of
approximately 0.06 inches, which is approximately double the typical depth of field for a
financial document scanning device. The use of an increased depth of field allows for
improved operation of the transport mechanism by minimizing the need for hold down rollers
near the imaging scanner, thereby reducing the number of moving parts in the transport
mechanism. Increasing the depth of field for the image scanner to approximately 0.06 inches
also provides improved focus for check or currency document imaging particularly for a
document that expefiences flutter while advancing through the transport mechanism. In
certain embodiments, a hold down roller approximately 6 inches long, or appr'oximately as
long at the image scanner, is positioned directly opposite an image sensor with the gap
between the image sensor and hold down roller sufficient to minimize flutter as a document
passes the image scanner. In certain exemplary embodiments, a gap between the hold down
roller and the image scanner of 0.003 to 0.006 inches may be used for the scanning of
currency documents. In other embodiments, gaps less than and greater than this range may

be used.
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[0087] In certain embodiments, a drive roller (for example, drive roller 465 in FIG.
4¢) may be used without the use of a hold down roller. In an exemplary embodiment, the
distance from the centerline along the long dimension of imaging scanner 460a and 460b and
the centerline along the long dimension of drive roller 465 is approximately 1 inch. In
another exemplary embodiment, the distance between the centerlines of the long dimensions
of drive rollers 465 is approximately 2 to 2.5 inches. In further exemplary embodiments of
document scanning device 400, the gap between the images scanners 460a, 460b and the
document being processed is in the range of 0.02 and 0.1 inches.

[0088] In certain embodiments, the imaging scanner is capable of capturing an image
when the speed of the transport mechanism is allowed to vary. In some embodiments, a belt
in the transport mechanism can operate at a velocity rangihg from approximately 0 to 100
{nches per second or faster. In certain embodiments, a belt transport mechanism can operate
at a velocity up to approximately 200 inches per second. A document scanning device with
the capability to operate at varying transport mechanism speeds allows the document
processing rate of the document scanning device to be decreased and for the device to be
stopped and restarted, including when a document is under an image scanner, while
maintaining the quality of document image capture. A contact image sensor (CIS) or charge-
coupled device (CCD) can be used for imaging in a document scanning device. In one
embodiment, an image scanner can read a maximum of 10,000 lines per second, which is
approximately 100 us of exposure per scan line when scanning at a 100 DPI resolution. Line |
sampling for an image scanner operating at a 200 DPI resolution occurs for every 0.005
inches of document movement and at a 100 DPI resolution for every 0.010 inches of
document movement.

[0089] According to some embodiments, luminance control techniques are used to
minimize exposure effects when the transport mechanism speed is varied. For a luminance
control procedure, the brightness of the pixels in the image scanner fluctuate with the
transport mechanism velocity. First, the pixels of a sensor array are calibrated to have the
same value when exposed to the same calibration material. In one exemplary embodiment, a
material having the same spectral properties as the calibration material can be placed over the
first few pixels (e.g., approximatefy the first five or more pixels) of an array, which are then

used as tracking pixels. The tracking pixels generally provide a constant output value based
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upon the calibration. A change in the value(s) of the tracking pixel(s) indicates a change in
brightness. When a change in brightness is detected, the imaging device compensates for the
brightness change by applying a correction factor (that is, a multiplier) to each pixel of the
array including the tracking pixels. The correction factor is determined by calculating
brightness drift based on the change in value of the tracking pixels. For example, if the
change in brightness increased by a factor of 1.1, then every pixel in the array will be divided
by 1.1. This correction method works well for minor fluctuations - in luminance, such as on
the order of 0.5 to 2.0. In one embodiment, when the luminance fluctuation correction factor
exceeds a certain threshold value, such as, at correction factors of less than 0.5 or greater than
2.0, the brightness of the light source is either increased or decreased until the correction
factor falls close to 1.0. In the case of a transport mechanism approaching or coming to a
complete stop, the brightness of the light source can generally only be decreased to a certain
level be.fore the image quality is affected. To overcome this limitation, the document speed
of the transport mechanism can be monitored such that when the speed approaches less than
half (for example, 1/3 and 1/4) of normal run speed (for example, 100 lines per minute), the
brightness of the light source is adjusted to the value calculated during calibration and the
line scan rate of the sénsors is set to be continuous and to occur at the fastest lihe rate that the
sensor allows (for example, 10,000 lines per second). With a constant line scan rate, the
luminance of the captured image remains constant, regardless of the speed of the document
along the transport mechanism. In this mode however, the process of réading line images will
be out of sync with the line sampling requests and thereby out of sync with the document
being imaged or scanned. Since the speed of the transport mechanism has decreased by more
than a factor of two, two or more line scan reads will occur between sampling requests, such
as, for example, every 0.003 inches. It is therefore necessary to combine these multiple reads
in‘t'o a single output that represents the line to be imaged at the point of the sample request.
For example, if four line scan reads occur between sampling requests, then the image that is
output will be the average of these four line reads.

[0090] In certain embodiments, the transport mechanism rate will be increased from
between a rate of zero to a certain threshold rate, such as less than one half of the normal run
speed. Up to this point, the brightness of the light source will be at the calibrated value and

the line scan rate for the sensors will be set at the fastest line rate that the sensor allows (for
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example, 10,000 lines per second). With a constant line scan rate, the luminance of the
captured image will remain constant, regardless of the speed of the document. In this mode
however, the process of reading line images will be out of sync with the line sampling
requests, and thereby, out of sync with the document, as well. Since the speed of the scanner
is less than half of full speed, several line scan reads will occur between sampling requests.
These multiple reads will be combined into a single output that represents the line to be
imaged at the point of the sample request. For example, if four line scan reads occur between
sampling requests, then the image that is output will be the average of these four line reads.
When the transport mechanism rate increases to the threshold rate (for example, greater than
2 of full speed), the line scan rate will be resynchronized with the sampling rate, thereby
allowing image brightness to fluctuate with the change in the transport speed, with light
source brightness adjustments made and/or a correction factor applied thereafter to achieve a
generally uniform image of the document being scanned.

[0091] In another embodiment, image processing techniques are used in which lines
are sampled and stored to memory on a continual basis regardless of the speed of the
transport mechanism. The exposure of an image and the resulting luminance, therefore,
generally remains the same. Any minor variations in luminance that may occur due to drift in
the light source or fluctuations in speed can be corrected using the process discussed above
for the luminance control method by using correction factors and adjusting the brightness of
the light source. These adjustments for drift corrections are generally minor and are
preferably made in between document scans or during idle periods of document scanning so
that the effect on image quality is minimized. In one embodiment, the distance a document
advances along the transport mechanism during a line scan exposure cycle is measured and
stored along with the corresponding line image. The distance a document moves during the
exposure cycle defines the importance or weight assigned to the image retrieved from a
particular line read. For example, if the document scanning device is stopped, a calculated
weight for the ifnagé streaming from the image sensor i§ zero since there is zero document
motion. In another example, if the document has moved 0.002 inches in a document,
scanning system where each pixel is 0.005 inches, thét is 200 DPI, then the calculated weight
for the image streaming from the image sensor is 40 percent. Following the collection of one

or more line scans, the lines that are stored in memory can be interpolated using the weight:



WO 2008/112132 PCT/US2008/003009
24

assigned to each stored line. For example, if an imaging sample request occurs and there are
three lines stored in memory, the first line with a 10 percent weight, the second line with a 30
percent weight, and the third line with a 60% weight, then the image line that is output in
response to the imaging sample request is the sum of each of the three weighted lines. Thus,
the weighting percentage calculated for each line defines how much an individual line scan
will contribute to the overall image line that is output.

[0092] FIGS. 6a and 6b illustrate the transporting and imaging of documents in a
wide-edge leading (FIG. 6a) and a narrow-edge leading (FIG. 6b) manner. In FIG. 6a, a
transport mechanism transports a document such as a currency bill or check 635 in a direction
that is generally perpendicular to a longer edge of the currency bill or document 635. Stated
differently, a long or wide edge of the currency bill or document 635 is the leading edge. As
shown in FIG. 6b, a transport mechanism transports a currency bill, check, or document 635
in a direction that is generally parallel to a longer or wide edge of the currency bill, check, or
document 635. Stated another way, a short or narrow edge of the currency bill, check, or
document is the leading edge. In either embodiment, as the transport mechanism moves the
currency bill or document 635 past the image scanner 640, a processor or controller of the
scanning device controls the image scanner 640 so as to scan the currency bill or document
635, thereby obtaining an image. The image may be of one or both sides of the currency bill.
[0093] In certain embodiments, the transport mechanism may be fit with a magnetic
sensor being configured to identify the magnetic characters on a check of curfency document
fed into the document scanning device in a direction that is perpendicular to either the longer
edge or the narrower edge of the document.

[0094] Referring now to FIG. 7a, an exemplary image file or record 700 for a
document according to some embodiments is shown. The image file or record 700
comprises several parts including images and extracted data such as alpﬁa'numeric data. A
first image section 710 represents the image of one side of an imaged document. The image
is a collection of data and is represented here pictorially so as to be more easily explained
and understood. In the currency bill sample shown in FIG. 7a, the first image section 710 is
the front side of the document scanned, namely, a one dollar bill. Similarly, a second image
section 720 comprises data representing the image of the reverse side of the document, in

this case, the back side of the currency bill. On both the first and second image sections 710,
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720 of the currency bill, there is information that may be important to have extracted and
stored separately in the image file for cross-referencing or tracking purposes. For example,
the front side of the one dollar bill includes a serial number and the back side includes a
plate number. Both of these may be important to have extracted, such as, by OCR, and the
extracted data included in the image file and may be cross-referenced for sorting purposes.
For example, a plurality of image file or records may be stored in a database which may be
queried or sorted by different fields within the records such as a field containing an
alphanumeric representation or characters (as opposed to an image of the serial number, for
example, in .tif or .pdf) of the serial numbers of currency processed by one or more
document scanning devices such as devices 100, 200, 300, 400. For examplé, for reasons
related to bill tracking and counterfeit detection, it may be important to know the serial
number ofthe currency bill or be able to determine who deposited a bill having a particular
serial number or to which financial account a bill having a particular serial npmber was
deposited. - Once the serial number of a bill is obtained, the serial number can be useful in
tracking the distribution of the counterfeit bill. It may also be used to help a government
official track the whereabouts of criminals and follow currency bills that are béing
laundered. |

[0095] Therefore, in addition to the two image fields 710 and 720, the image file or
record 700 also comprisés a number of data fields such as a serial number data field 730a, a
signatories data field 739a, a denomination data field, a series data field 760a, a back plate
data field 770a, a front plate data field, and/or a print code data field 769a. To better
understand these various data fields, reference is made to image fields 710 a}nd 720. As can
be seen in the images of a $1 bill contained in the image fields 710 and 720, the image of the
$1 bill reveals that the $1 bill contains a variety of information including a variety of
alphanumeric information. For example, the $1 bill shown hés a serial number 730, two
signatories 739 (Treasuref’s signature) and 740 (signature of the Secretary of Treasury), a
numeric denomination 750 in addition to one or more written denominations 750b, seri‘es
information (767, 760, 765), a back plate number 770, a front plate number 768, and a print
code 769. The various data fields (for example, 730a) contain data such as alphanumeric
data or characters extracted from the images of the $1 bill. For example, a serial number

730 is extracted from the bill and stored in a data portion 730a of the record 700.
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[0096] In addition to the image fields and extracted data fields, the image record 700
may also contain other data such as alphanumeric or biometric data associated with person or
account associated with the imaged document. Additionally, the image record may contain
other information concerning the document such as information obtained from sensor(s)
separate from the sensor(s) used to obtain images of the document, such as, for example, data
retrieved from authentication sensors. For example, the image file 700 may also include an
account number field 780a that is associated with the currency bill. The account number may
be added to the image file by the document scanning device 100, 200, 300, 400 or a pfocessor
or computer coupled thereto and/or coupled to a database containing records 700, such as,
computing device 180 or external processor 480. According to some embodiments, the
accouﬁt number field 780a refers to the account into which the ‘currency bill is/was deposited.
This allows someone viewing the image file or record to know what account obtained credit .
for the bill. For example, if the bill was deposited and later discovered to be counterfeit, by
searching the database containing image records 700, it can be determined what account
received credit for the counterfeit bill. Appropriate action may then been taken such as
ﬂagging the account and/or debiting the account for the value of the counterfeit bill.

[0097]> In some embodiments, it may also be desired to extract signatory information
such as a Treasurer’s signature 739 and a signature of the Secretary of Treasury 740.
Likewise, in some embodiments, dQllar amount information 750, series information 760, and
‘Federal Reserve Bank number 765 and letter 767, and plate number 770 on the backside of a
currency bill 720, may be extracted. All of these fields may be used for cross-referencing the
serial number with the currency bill for purposes of determining counterfeit bills. For
example, the serial number of the bill may be related to the series. If these items do not
match, then the bill is a counterfeit. Also, in certain series, the Féderal Reserve Bank number
765, 767 may be in different locations. In some series, the letter portion 767 is in a seal. In
other sertes, the number portion 765 is right next to the letter portion 767, with neither being
in the seal. The signatory information 739, 740, dollar amount information 750, series
information 760, Federal Reserve Bank number 765, 767, front plate number 768, print order
code 769, and back plate number 770 may all be extracted and inserted into the appropriate
fields 739a, 740a, 750a, 760a, 765a, 767a, 76‘8a, 769a, 770a, respectively, in the image file.



WO 2008/112132 PCT/US2008/003009

27

According to some embodiments, the software is updateable to handle changes in any fields
that change over time.

[0098) Other fields may also be included in alternative embodiments, such as, a field
relating to the ‘issuing federal reserve bank, the country of origin (if multiple country
currencies are accepted), and others. It is also contemplated that foreign currency may have
other useful information on the bill, such as, other security measures which it may be useful
to extract from the imégé of the bill. One example would be the size of the currency
document. In many foreign countries, the size of the currency bill varies with denomination.
As a preliminary measure, the size of the currency bill may be measured to ensure that the
bill is the appropriate size.

[0099] In other embodiments, the locations of certain items may be different. For
example, in later U.S. currency series, the picture may be larger and/or off-center. Also,
some of the extracted information may be located in a different position.

[00100] Turning now to FIG. 7b, an image of a check is depicted. A first image
section 705 represents the image of'one side of a scanned check. The image is a collection of
encoded data and is represented here pictorially so as to be readily understandable to those
skilled in the art. In the check sample shown in FIG. 7b, both sides of the check have been
scanned. In other embodiments, it may be desired to scan only one side. In the embodiment
illustrated, the first image section 705 contains the image of the front side of the scanned
check. Similarly, a second image section 710 comprises data representing the image of the
reverse side of the document, in this case, the back side of the check. An area 715a is an
image of the MICR data. According to some embodiments, the data associated with the
MICR code is extracted from the full image scan and inserted into a MICR data field 715b.
The MICR information on the check includes the ABA number (that is, the routing and
transit number), payor’s checking account number, check number, and may include the dollar
amount of the check, as well as other data.

[00101] Areas 715c¢, 715d represent data fields containing, respectively, the ABA
number and control information. The ABA number and control information is needed so that
the image file can be transmitted among financial institutions. The ABA number is a number
that corresponds to the bank that issued the check. In other words, the bank to which thel

image file belongs can easily be recognized by an operator or a processor or computer system
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associated with the scanning devices 100, 200, 300, 400 or associated with a database
containing the image record 700. The data in data fields 715c, 715d may be extracted from
the area 715a or from the MICR encoding on the check (such as by a device 100, 200, 300,
400 containing a magnetic MICR reader). The numbers illustrated are used as examples and
are not meant to represent the exact digits or number of digits used. '
[00102]) Also taken from the MICR encoding line on the check is data in an account
number data field 715¢ (for example, the ON-US field), which contains the account number
for the check extracted from the image of the check. The account number allows an operator
Or a processor or computer system associated with the scanning devices 100, 200, 300, 400
and/or the database to determine which account to dgl;it or which was debited for the funds.
[00103]) The image record 700 may also contain an identification data field 720b
containing data indicating the name and address of the owner of the account associated with
the check. This information may be taken from an identification field 720a on the image of
the check. Normally, this information is on the upper left side of the check and usually
includes at least the name of the owner of the account, and may include address and
telephone information.
[00104] On the written portion of the check, an amount o'f the check is indicated in an
amount (or CAR or courtesy amount recognition) box 730a as well as being written out in a
LLAR (or legal amount recognition) ﬁeld 731a. This information may be extracted from thé
image and inserted into an amount data field 730b. Other written information, such as a
payee name 740a, may also be extracted from the full image and added into a payee data field
740b. A check number 750a may be extracted and added into a check number data field
750b. It should be recognized that the fields illustrated are not inclusive of all possible fields
“and types of information which can be stored in an image record 700. Indeed, other types of
information can be stored as can pointers to other files having, for example, further
information relating to the customer. In some cases, it may also be useful to read the memo
line of the check. In addition, it is contemplated that an operator may fill in some of these
fields. For example, in an embodiment of the present invention that only requires the
customer to sign the document, the payee field and amount field may be added to the image
before it is processed. The format of the image fields 705, 710 may be standardized for ease

of processing, that is, using .tif, .bmp, .pdf, .gif, or .jpg. This allows other software to process
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the information in image files for use by the merchant or financial institution. As with
respect to FIG. 7a, the data fields contain characters such as alphanumeric data as opposed to
images of the corresponding data to facilitate processing of the imaged checks and/or
forwarding of the image record 700 or portions thereof and/or searching or querying of a
database containin‘g a plurality of image records 700 or portions thereto such as a database
containing the data (non-image) portions of the image records 700.

[00105] Referring back to the embodiments described in FIGS. 4a-4f, according to
some embodiments, during operation a stack of documents, such as currency documents
and/or checks, is inserted into input receptacle 410. An identifier is entered for the
documents inserted into receptacle 410, such as a customer or depositor name, an account
number, or other identifier for a depositor and/or the operator of the device such as a bank
employee number. = The identifier can be input via an operator interface such as using a
keypad or other input device. The device 400 is started and the documents are fed one at a
time by the transport mechanism along a transport path past image sensors 460a, 460b, where
images of the documents are obtained. For device 400, according to some embodiments, full
images are obtained of the front and back of a document. The documents are then
transported to output receptacles 430a, 430b. In some embodiments, the documents are
transported and fully imaged at a rate of 1,000 documents per minutes. That is, according to
some embodiments, the device 400 processes a stack of currency bills at 1000 bills per
minute while the device 400 in real-time obtains the images of the front and back of each bill
and extracts the serial numbers from the obtained images such as via OCR.

{00106] According to some embodiments, image data obtained from the image
‘scanner(s) 460 can be buffered at a memory component along the communication path
between the various controller(s) and/or processor(s). Buffering is useful for allowing the
scanning process to continue despite‘ possible data bottlenecks in the document scanning
system. | '

[00107] According to some embodiments, the images are used to obtain identification
characteristics for the document, such as sérial number in the case of currency bills, account
number or check number in the case of checks, or. other encoded or encrypted identifiers.
According to some embodiments, the images are also used to denominate the documents such

as currency bills. According to some embodiments, bills are denominated using other



WO 2008/112132 PCT/US2008/003009

30

techniques and/or sensors such as described in, for example, U.S. Pat. Nos. 5,652,802;
5,815,592, 5,992,601; and 6,256,407, each of which are incorporated herein By reference in
their entireties. In the case of a device with rhore than one output receptacle, such as device
400, the documents can be sorted, for example, by separating out counterfeit documents,
separating checks and currency bills, or separating certain denominations of currency
documents. According to some embodiments, the device 400 generates a total value for the
documents in the stack that were successfully denominated and/or imaged.

[00108] According to some embodiments, the device 400 creates a database of image
records containing data fields comprising the extracted serial number of the bills and
associated account numbers or identifiers. According to some embodiments, image records
also contain one or more image ﬁelds; such as a field containing the image of the front of a
bill, the image of the back of a bill, and/or snippet images of portions of a bill such as an
image of the area around the serial number of a bill (for example, the snippet images 830
shown in FIG. 8). .
[00109] FIG. 8 illustrates exemplary records in a database created using device 400.
The records in the database include a number of data and image fields, such as the order in
which a bill was sg:anned, that is, bill number 810. Other fields include a full image field,
820, an image field of the snippet of the serial number 830, the extracted serial number
characters or text 840 obtained using, for example, OCR techniques, and bill denomination
850. An account number 860 associated with a deposit, for example, can also be included.
Some records may have incomplete serial number character information 870 due to
unreadable image information. According to some embodiments, incomplete character
informa‘tion 870 can be corrected by an operator. According to some embodiments, the serial
number field contains a number of characteristics including alpha character fields 880a, 880c
and a numeric field 880b. For example, according to some embodiments, in the first alpha
field 880a, the first letter can refer to the series (e.g., bill 2 from FIG. 8 is a series C and bill 3
from FIG. 8 is a series A) of a currency bill. The second letter in the first alpha field 880a
can refer to a bank or branch, such as a Federal Reserve Bank, that ordered the particular
currency bill. The second alpha field 880c can be used to designate the number of times a
particular numeric portion of a serial number has been used. A currency bill may have a

unique serial number field based on the alphanumeric characters printed on the bill, but it is
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possible for an authentic currency bill to have the same exact numeric serial number portion
880b as another authentic currency bill. For example, one bill could have the alphanumeric
serial identifier of AA12345678A and another bill could have the alphanumeric identifier of
AA12345678B. While the numeric portion of the serial number is identical for both bills, the
alphanumeric serial numbers are unique for each currency bill (the field 880c “A” and “B”
being different).

[00110) According to some embodiments, processing image information can occur
directly on a device, such as device 400, or using a PC or other processor 480 (see FIG. 4f),
or in some combination thereof. For example, for currency. bill documents, according to
some embodiments, the scanning device 400 obtains an image of a bill, extracts its serial
number, and then transfers the image and serial number to the PC. The PC can then create a
database with a record for each imaged bill using the information received from the scanning
device for storage and subsequent processing. According to some embodiments, the device
400 obtains the images of bills, extracts data from the images such as the serial numbers of
the bills, and stores some or all of this information in a database residing in a memory in the
device 400, According to some embodiments, the device 400 obtains the images of the bills
and then sends those images to a PC or processor 480 communicatively coupled thereto and
the PC 480 performs or handles the data extraction, database creation, énd/ or data storage.
According to some embodiments, when OCR or character extraction is completed on an
external PC or processor 480, a high-speed board is used on the PC or processor 480. The
processor can perform the character recognition using image data obtained from the imaging
scanner and communicate with, for eXample, the cohtroller of the document scanning device.
The use of a high-speed board allows the processor 480 to send a signal to a controller (e.g.,
150) residing in the scanning device 100, 200, 300, 400 to allow the controller, for example,
_to divert a certain document before the document has proceeded to far along in the transport
mechanism to be properly diverted. The use of a high speed board on a processor 480 can
also be useful to allow a PC or processor to manage multiple document scanning devices as
shown, for example, in FIGS. 11a-11c.

[00111] According to some embodiments, serial numbers, including alphanumeric
strings, are extracted from images of currency bills, for example, using OCR techniques to

identify individual alphanumeric characters. Sometimes a complete serial number cannot be
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extracted, for example, when a currency bill has been subjected to wear. Incomplete serial
number information can be displayed, for example, on control panel 450 as shown in FIG. 4a
and/or on display 482 as shown in FIG. 4f. According to some embodiments, an operator of
device 400 or PC/processor 480 can enter any missing data and/or correct extracted data. In
the embodiment illustrated in FIG. 9, a screen shot 900 for correcting OCR errors is shown
from a display device associated with a PC or control panel. A snippet image 910 of an area
of a currency bill containing a serial number is displayed above editing field 920, which
easily allows. an operator to correct image characters that are unreadable by the OCR
algorithm. The unreadable characters can be identified with a standard character such as an
“* or “?” so that the operator readily compare the unreadable characters displayed in field
920 with the image of the serial number area of the currency bill shown in image 910.
According to some embodiments, an operator interface is used to correct the extracted serial
number 920 such as via a mouse, keyboard, touchscreen, and/or other input device.

[00112) According to some embodiments, the correction of unreadable serial number
information, including alphanumeric strings, can be performed while the document scanning
device 400 continues to pfocess subsequent documents in a batch and/or after the device has
processed all documents in a batch and the device has stopped. According to some
embodiments, the device stops when an unreadable serial number is encountered and
processing of subsequent documents continues after the serial number or unreadable digits of
the serial number have been entered by an operator. For example, the document scanning
device can stop at a document for which there was an incomplete character extraction and
prompt the operator to make the correction after which document processing can continue. In
other embodiments, the document scanning device continuously processes documents,
meanwhile storing incomplete character extractions into a queue for later correction by an
operator. In some embodiments, the document scanning device can off-sort documents with
inéomplete character extraction for later correction. In other em.bodiments, a document
scanning‘device can ignore incomplete character extractions and store the incomplete records
for subsequent searching. See, for example, the record for Bill 6 in FIG. 8.

[00113] According to some émbodiments, a document scanning device can be
programmed or set where the transport mechanism stops before a particular flagged currency

document or check is transported to an output receptacle, such as described in, for example,
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U.S. Application No. 10/953,635, filed on September 29, 2004 and published as U.S. Pub.
No. 2005-0040225, which is incorporated herein by reference in its entirety. For example, an
operator can input a particular serial number or denomination for a currency bill and the
document scanning device can be set to stop when that particular bill is encountered. In other
embodiments, the particular bill can be off-sorted while the document processing continues.
Such an embodiment is useful, for example, for an operator to identify documents with
certain characteristic(s) that may be located within a stack of currency documents or checks.
[00114]) ~ According to some embodiments, a document scanning device processes
‘documents continuously, including when a document requiring additional attention is
encountered during the scanning process. For example, while imaging a currency bill, an
algorithm (e.g., for denomination or OCR) may have difficulty determining the denomination
or serial number from the image obtained for the currency bill. The controller 150, in the
example of FIG. 1, can then send the entire image of the currency bill requiring attention to
control panel(s) 170 where an operator can view the entire image on a screen and correct the
denomination and/or serial number through an input device. In certain embodiments, the
document scanning device can continue to process documents or stop when a document
requirés additional attention, such as, for example, when making a correction. For currency
bills that do not need additional attention or that have been corrected, only the portion of the
currency bill containing the serial number can be stored for subsequent reference. I'n other
embodiments, the entire image of the currency bill can be stored for subsequent reference. In
certain embodiments, the document scénning device can communicate with a centralized
computer as illustrated, for example, in FIG. 11. The centralized computer can allow for the
centralized correction of imaged information from scanned documents for the various
document scanning devices connected to the centralized computer.

[00115] In certain embodiments, a search algorithm is capable of allowing a customer
or operator to search a list or database of serial ﬁumbers of other identifiers stored in a
memory that is internal to or that is communicatively coupled to a document scanning device.
A search algorithm can query one or more fields of data, such as, actual serial numbers or
information associated with an actual serial number including_date, customer, account
number where documents' were deposited, time deposit were made, document scanning

device used, or any other information that might be useful for authenticating a currency bill
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or check. The information associated with a serial number or other identifier can be extracted
and stored along with the serial number or other identifier at the time the serial number or
other identiﬁer is stored in the mémory. FIGS. 7 and 8 illustrate some of the examples of
how document information can be stored and displayed.

{00116} In certain embodiments, a search can be performed of a database of currency
bill serial numbers to find, for example, counterfeit currency documents. First, an operator of
a device, such as, device 400 and/or a processor 480 containing or communicatively coupled
to a database containing the 'deposit records (such as shown in FIG. 8), can key in a serial
number of a currency bill that may have been identified as being counterfeit, such as, by the
Federal Reserve. Once keyed in, according to some embodiments, a search algorithm
searches the serial number database looking at each character and character position for the
keyed-in serial number to find any matches within the serial number database. In addition to
providing the serial number for which to search, an operator can also identify how many of
the individual digits of the keyed-in serial number are to have a character match and a
position match with the serial numbers in the database. For example, a keyed-in serial
number of concern for a currency bill can have ten digits and the operator may establish a
search condition that eight of the ten digit positions are to have a character match and a
position match in order for a record (for example, a serial number for a scanned in currency
bill along with other identifying information) and from the database to be displayed. The
search may retrieve a group of records with eight of ten numbers meeting the character match
and position match with any missing digits displayed as wildcard characters. The serial
numbers that comprise a database can come from OCR characters obtained by imaging
currency bills. The serial number characters that comprise a database record can also, for
example, be input manually or obtained electronically, such as, from an imported database
file or a spreadsheet. The database records may contain input errors due to, for example,
human factors or errors in OCR that may have gone uncorrected. According to some
embodiments, the keyed in serial number or other identifying characteristic(s) that form the
parameters of a search can be input or imported to a cornitroller or processor and sent to one or
more remote document scanning devices where each of the scanning devices then performs

the search on processed currency documents or checks.
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[00117] Table 1 shows an exemplary embodiment of how a search algorithm can
operate. A customer may receive information of a counterfeit currency bill having serial
number 1 573269148. The operafor can then key the ten digit serial number into a PC
that has a database of serial numbers extracted from imaged currency bills using, for
example, OCR methods stored in the PC’s memory. The operator may, for example, specify
that seven of the ten digit positions are to have a character match and a position match with

the keyed-in serial number.

Table 1
Example - Search Algorithm Results

Searchable Serial Numbers Extracted Image of Serial Numbers
Using OCR of Imaged Currency Bills - From Scanned Currency Bill
12 73 2?2 9 1 4 80341 47 3 26 9 1 48
" 8
2 9 2 i
]5732"14"1‘157326914(MATCH)

157326 9 7.4 801 5 7 3 26 97 48

[00118] In the exemplary results shown in Table 1, three currency bills are identified
that meet the search criteria and make them candidates for a possible serial number match.
All three identified bills have limited recognition of serial number characters during the OCR
extraction that followed imaging of the bills. The image for the bill in the top row was
retrieved because of the eight digit match of 1 773 2 ? 9 1 4 8 with the keyed-in ten digit
serial number of 1 573269 14 8. In some embodiments, the operator can view the image
of the serial numbers for the corresponding retrieved field by viewing a serial number shippet
or an image of an entire bill. For the top row of Table 1, review of the imaged serial number
does not show a match with the keyed-in serial number. Review of the imaged sérial number
for the currency bill in the middle row, however, does identify a match with the keyed-in
serial number. The opefator is therefore able to identify a counterfeit currency bill based on
partially recognized serial numbers from database records of scanned currency bills. The
operator can compare the retrieved list and associated serial number images with the keyed-in

counterfeit serial number to check for any matches.
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[00119] FIG. 10 illustrates an embodiment in which an operator can key in a senal
number and search a group of scanned currency bill serial numbers for a match. In step 1010,
an operator images and extracts serial number characters for currency bills using any of the
document scanning systems described in this disclosure. In step 1020, the operator keys in a
serial number of concern that, for example, was provided by the Federal Reserve as the serial
number of known counterfeit currency bill. In step 1030, the operator can specify for how
many character and position matches are to be obtained for the given serial number of
concern (for example, a partial character and position match for 5 of 10 serial number
characters). In step- 1040, the full or partial serial number characters extracted from the
scanned currency bills are compared to the serial number of concern applying the character
and position criteria established by the operator. In step 1050, serial number matches based
on the search criteria, if any, are displayed along with the corresponding serial number image.
In step 1060, a check for n;natches with the serial number of concern can be made either
through a direct match if a full set of searchable characters was extracted by OCR or by
comparing the serial number of concern with the currency bill images for matches obtained
with partial searchable characters extracted using OCR.

[00120] For certain banking procedures in the U.S., a bank may send currency bills to
the Federal Reserve. When the Federal Reserve receives the currency bills, a check can be
completed for the bills to determine if there are counterfeit bills present in the transmittal.
The Federal Reserve may then prepare a report that is sent to the bank identifying the
denomination and the 'serial number of the counterfeit bill(s). A bank will not receive credit
for currency bills deposited with the Federal Reserve that are determined to be counterfeit.
Previously, the bank attempting to deposit the counterfeit currency bill has had to take the
loss from the Federal Reserve for the value of a counterfeit currency bill since there was no
way to track who deposited the counterfeit bill with the bank. With the present disclosure, a
bank now has a system for databasing serial numbers for currency bill deposits and the ability
to search the database to identify serial numbers of concern. If a matching serial number is
found for the currency bill that was determined to be counterfeit, the corresponding account
such as identified in the matching database record can be debited the denomination of the
counterfeit currency bill. The present disclosure also provides a system for allowing a bank to

identify counterfeit currency documents immediately rather than having to send a currency
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bill, for example, to the Federal Reserve, have the Federal reserve determine the bill is
counterfeit, and then returning the bill to the bank for submittal to the Secret Service or
directly sending the bill to the Secret Service. With the present disclosure, a bank can
immediately track the account or customer that deposited a counterfeit bill and then send the
counterfeit directly to the Secret Service, thus bypassing the Federal Reserve and speeding up
the process of counterfeit tracking.

[00121]) In the exemplary document scanning devices illustrated in the present
disclosure, serial numbers and other identifying currency bill information for a particular
deposit can be obtained by running a deposit through the scanning device. An image of the
currency bills can be obtained and OCR can be used to extract serial numbers, including
alphanumeric characters. According to some embodiments. customer identifying information
will be associated with the deposit and stored in a database record along with an image of the
currency bill, the serial number information, the currency bill denominations, and customer
identifying information in a database. The database record can be stored internal to the
document scanning device or external to the document scanning device on, for example, a PC
or in a memory -coupled to a computer network. The serial numbers of counterfeit bills that
are later identified can then be compared with the database records for deposits made to an
entity to determine which depositor may be associated with a counterfeit bill. A system can
also be configured to track whether more than one counterfeit serial number has been
deposited over a given period of time. In some embodiments, database records can be
searched to verify if duplicate serial number records aré in the database. For example, an
e;utomatic database function may be to compare all databased serial numbers to identify
matching or repeating serial numbers and to flag those records for subsequent investigation.
A matching serial number can include all the alphanumeric character in a serial number or
can be limited to only the numeric portion of a serial number. If the matching algorithm is |
limited to finding numeric matches, additional operator assistance may be needed to
determine whether a currency bill is a counterfeit.

[00122] FIG. 11a is another embodiment of the present invention, and depicts a block
diagram of a document processing system 1100. The document processing system 1100

includes a document scanning device 1110, which is configured to receive currency bills.
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The document scanning device 1110 of FIG. 1la may be, for example, the document
scanning devices 100, 200, 300, 400 of FIGS. 1-4. ‘
[00123] . The document scanning device 1110 is connected via a communication link
1120 to a first computer 1130. The first computer 1130 can be any type of computer, such as
a personal computer, a server, part of a LAN, or a mainframe. The communication link 1120
can be any link .used for data, voice, or video communications that is known in the field of |
disclosure, such as a telephone line, Ethernet, USB 2.0, FireWire, a Wireless network, or
- other known communication techniques between devices. The communication link 1120
may be over a private line or a public line. In some embodiments, the document scanning
device 1110 may be connected to the first computer 1130 via the internet. Alternatively, the
communication link 1120 may be over another form of media, such as a radio or microwave
link. The 'ﬁrst computer 1130 may be located in the same place as the document scanning
device 1110 or it may be in a location remote, or separate, from the document scanning
device 1110. For example, it is contemplated that the document scanning device 1110 is
located at a branch of the bank, while the first computer 1130 is located at the main office or
processing center of the bank. In some embodiments, the individual document scanning
device 1110 may be linked to each other via the communication link 1120. |

[00124] In one embodiment, cufrency bills or other documents are fed into the
document scanning device 1110 for deposit into a customer’s account. The first computer
1130 is a part of the banking system at a financial institution that holds the customer’s
account. The first computer 1030 is adapted to credit the customer’s account for the amount
of a depdsit. Before crediting the account, currency bills are scanned by the document
scanning device 1110. A full image or an image of a portion of one side of a deposit bill or
bills may then be obtained. As discussed herein, the document scanning device 1110 may be
similar to the document scanning devices 100, 200, 300, 400 in FIGS. 1-4, and, therefore,
may be used to check for counterfeit notes. '
[00125] In another embodiment, the document scanning device 1110 merely scans the
currency bills and the first computer 1130 authenticates the currency documents, as described
herein. The images may be transferred via the communicatién link 1120 to the first computer
1130, which may be located at a bank. The first computer 1130 may then use the stored

images to process information (for example, credit the customer’s account, update customer’s
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account with the number of counterfeits flagged). The first computer 1130 may run the serial
number of the currency bills through a database or a memory to check for counterfeit serial
numbers. [f a match is found, the suspect bill may be rejected and the amount of the suspect
bill debited from the customer’s account. Alternatively, the bank may not wish to debit the
customer’s account every time a counterfeit is found, instead only debiting the account for
repeat offenders or for bills over a certain dollar amount. The first computer 1130 may also
create a chart for law enforcement personnel of who atternpted to deposit the suspect bills.
[00126] In another embodiment, the first computer 1130 may store the images of all
deposited currency documents to aid in reconciling discrepancies that may arise at a later
date. For example, if a deposited currency bill is later found to be counterfeit using any
variety of counterfeit detectors, the bank can track that currency bill to the customer that
deposited the counterfeit bill. Currently, once a bill is deposited into a financial account (or
mixed with any other bills), there is no way for a bank to track the bill. If a bill is later
determined to be counterfeit, the bank cannot track the bill to the customer that deposited the
counterfeit bill and the bank must, therefore, bear the loss. In certain embodiments, the
document images that are captured and stored in memory can be lir‘nited to, for example,
higher denomination currency bills such as 20s, 50s and 100s. This embodiment can be
useful where time and memory space is a concern for the document scanning system since
the database of serial numbers or other pertinent document information could be significantly
. reduced.

[00127) According to some embodiments, the system scans and stores the image of all
currency notes and/or all documents associated with a transaction. A benefit of such a system
is if a customer disputes the amount of a deposit, because of the system, the bank can easily
obtain the scanned images of every document deposited to verify whether the amount
credited to the customer’s account was correct. In these embodiments, it is contemplated that
the memory may be located in the scanning device 1110, or it may be located in the first
computer 1130 or at both locations. ‘

[00128) In another alternative embodiment, the first computer 1130 may be linked via
a telephone line or other communication link 1140 to a second computer 1150, which may be
a customer’s computer, such as a home computer or a computer located at a retail store or an

office. The second computer 1150 may also be a computer at another bank or financial
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institution. The communication link 1140 may be over a public line, a private line, or it may
be a wireless link. In this embodiment, the images of documents associated with a
transaction are forwarded to the customer as a receipt. According to some embodiments, the
first and second computers 1130, 1 150'may be linked via the internet. For example, using the
internet, a bank may e-mail the information related to a transaction, including, for example,
the images of the scanned documents to a customer’s computer. In another embodiment, the
images are downloaded onto a CD, a disk, a tape, or other storage media by the bank and
forwarded to the customer. This may be done at the document scanning device 1110 at the
time of deposit, or it may be done later at the bank and the CD, disk, tape, or other storage
media may be sent to the customer via regular mail. In both of these embodiments, the
document scanning device 1110 is useful because it provides the customer with a detailed
record of the transaction shortly after the transaction occurs. The documeni scanning device
1110 is also beneficial since it stores the serial numbers, which may useful for tracking
currency bills as they move through the system. Another benefit of the present disclosure is
the usefulness in locating counterfeit bills throughout a region. The various financial
institutions in a given region, for example San Francisco or the United States, may all use the
same database having the counterfeit serial numbers and/or other counterfeit bill
identifications, such as plate numbers and city codes. This way, the financial institutions
within the region benefit whenever one financial institution discovers a new counterfeit.
[00129] In an embodiment illustrated in FIG. 11a, a plurality of document scanning
devices 1110 may be connected in a “hub and spokes” network architecture as’is known in
the art. This is illustrated by a plurality of document scanning devices 1110 shown in
phantom. All of the document scanning devices 1110 are linked via the communication links
1120 to the first combuter 1130. Likewise, other network architectures may be used. In
order to prevent congestion, an image buffer (not shown) on each document scanning device
may store data until polled by the controller or the first computer.

[00130] Turning now to FIG. 11b, an embodiment is illustrated where the second
computer 1150 is also in communication with a plurality of the document scanning devices.
1110. In this émbodiment, the first and second computers 1130, 1150, respectively, are also
in communication and can share information with each other. In this embodiment, the second

computer 1150 may be at another bank and may be connected via the communication links
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1120 to the separate document scanning devices 1110. In this embodiment, the second
computer 1150 would transmit information, such as updated serial numbers, to the document
scanning devices 1110 and to the first computer 1130. The first computer 1130 would then
transmit the information to the document scanning devices 1110 in its network.
Alternatively, the second computer 1150 could communicate directly with all of the scanning
devices and do the updating. Even if the second computer 1150 is not a bank computer or
server, it may still have access to the scanning devices. Some banks may allow their
customers to have access to the memory in the document scanning devices 1110 to view
images that were deposited to or drawn on the customer’s account at the bank.

[00131) Another embodiment is a pyramid structure, depicted in FIG. 1lc. In this
embodiment, document scanning devices 1110a are connected via communication links
1120a to a first computer 1130a. Another set of document scanning devices 1110b are
connected via communication links 1120b to another first cofnputer 1130b. The two first
computers 1130a, 1130b are then each linked via the communication links 1140a to a second
computer 1150a which is then in difect communication, via another communication link
1160a, with a third computer 1170a. Other document scanning devices 1110c¢, 1110d, first
computers 1130c, 1130d, and second computer 1150b are arranged in a similar fashion. As
in the other embodiments, all of the scanning devices 1110a, 1110b, 1110c, 1110d may be
linked together, or only the scanning devices sharing a same first computer may be linked.
Similarly, the first computers may be linked together as may the second computers.

[00132] According to some embodiments, such as in FIG. 1, a controller 150 is
communicatively coupled with a control panel that is located remote to document scanning
device 100. The control panel can also be centralized to more than one document scanning
device 100. For example, a control panel similar to control panel 170, can be embedded
within or externally connected to first computer 1130 (see, for example, FIGS. 11a-11c) with
multiple document scanning devices 1110 in communication with first computer 1130. An
embodiment having such a configuration allows the customer or operator to directly
communicate with document scanning device 100 without being physically present at the
document scanning location. In some embodiments, control 'panel 170 from FIG. 1 is
centralized at first computer 1130 of FIG. 11a. The document scanning system 1110 can then

send imaged documents to first computer 1130. In the example of a document whose images
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are unreadable by the OCR, an operator located remotely at first computer 1130 can view the
image of the document and remotely input any missing characters from an incomplete OCR.
A single operator or a group of operators located at one or a few central locations can correct
OCR errors for multiple document scanning devices.

[00133] In some embodiments, the document scanning devices illustrated in the
present disclosure can have software that allows a customer or operator to input instructions
into. the document scanning device for documents whose images are unreadable by, for
example, the OCR algorithms.

[00134] According to some embodiments, a software algorithm can enhance the
document image obtained from the image scanner for situations in which the OCR algorithm
cannot extract, for example, the serial number on a currency bill. Following enhancement,
the enhanced image can be reprocessed using the OCR algorithm until the digits in the
document are successfully obtained. The image enhancement can be executed automatically
or manually on a document scanning system. In one embodiment, an enhancement algorithm
is triggered when an initial QCR algorithm cannot identify a character or a string of
characters from an image. The image is sent to a post-processing enhancement routine. The
enhancement routine can include adjusting the image by, for example, changing the contrast
or some other image enhancement techniques. The OCR algorithm can then reprocess the
enhanced image to extract the desired character or string of characters.

[00135] According to some embodiments, the document scanning -devices of the
present disclosure may have one or more output receptacles, such as illustrated in FIGS. 3
and 4 (output receptacles 317a, 317b and 430a, 430b) that can allow for various
acconﬁmodation of documents that are unreadable or that are identified as needing further
attention to authenticate them. In certain embodiments, a document scanning device can
process documents continuously, that is, when a document requiring further attention is
identified, the document scanning device continues to process the remaining documents
rather than stop on the document requiring further attention. In such an embodiment, the
document requiring further attention can be sorted into a separate output receptacle or into a
holding receptacle in the document scanning device while the remaining documents are
processed. The holding receptacle can hold one or more documents that are sequenced

according to the order processed. The customer or operator can then inspect the document(s)
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requiring further attention while the document scanning device continues to process
additional documents. Using either a remote or local control panel or other display and input
device (for example, a PC or POS terminal), the operator can then take corrective action with
the document(s) that need to be inspected. After the customer or operator takes corrective
action, the inspected document can be combined with the rest of the processed documents,
with the scanning device operations continuing throughout the inspection process.

[00136] According to some embodiments, imaging of documents by the document
scanning device can provide additional efficiency to the document inspection process. For
imaged documents, the operator can view the full or partial image of the document that can,
for example, be displayed on a monitor or other display device. The operator can then make
any corrections to the scanned information using a cdntrol paﬁel or other data entry device.
Following corrective action by the operator, the document in the holding receptacle can then
be combined with the rest of the processed documents. Since the corrective action is made
using an image of the document, the operator can be remote from the document scanning
device where the document scanning device is in communication with the display and data
entry device being used by the operator. If corrective action for the document requiring
attention cannot be made us’ing an image of the document, the operator can still visually
inspect the document from the holding receptacle. For embodiments with a single input
feceptacle and a single output receptacle, such as the document scanning devices illustrated in
FIG. 1 and 2, or for document scanning devices without other multiple forms of holding
receptacles, the corrective actions for documents requiring further attention can be handled
through inspection of the images of the documents without a physiéal inspection. In single
output receptacle embodiments, the sequence of the documents remains as when the
documents were placed in the input receptacle. In certain embodiments, document
processing can stop at a document requiring attention or procéssing can occur continuously
while corrections are being made.

[00137] According to some embodiments, the denomination of a document of concern
may not be included in a total amount that may be calculated for a processed stack of
currency documents or checks. In certain embodiments, after the document of concern is
further analyzed and determined to be authentic by an operator reviewing an image of the

document or physically inspecting the document, the operator can input the denomination of
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the document into the document processing system. The denomination that was input can
then be added to the corresponding total for the stack of documents from which the document
of concern was identified. .

[00138] According to some embodiments, the use of imaging-based technology of the
present disclosure can be further used to enhance the procedures for remote deposits, such as
deposits from ATMs, retail locations, branch banks or other financial processing centers. For
example, for the process in FIGS. 12a and 12b, correction and proofing can be made to a
single deposit that contains both checks and currency bills. Images can be electronically
collected for each deposited document. If a document scanning device cannot obtain an
accurate read of the information from a check or a currency bill, an operator located, for
example, remote to the document scanning device will be able to use the present disclosure to
~electronically receive and view images of the check and/or currency bill that is in need of
attention and make corrections to, for example, serial numberé, account numbers,
denomination, or ABA routing numbers. The operator can be making the corrections at a
remote location, such as at a terminal and input device associated with first computer 1130 in
FIG. 11a or first computer 1130, second computer .l 150, and/or third computer 1170 from
FIGS. 11b and 1lc. The image of the check and/or currency bill documents can remain
electronically, magnetically or optically stored for reconciliation or other future viewing,
such as if it is later determined that a currency bill and/or check is counterfeit or forged. By
the inclusion of a customer and/or transaction number for each deposit, the counterfeit or
forged documents can then be traced to the depositor to extract the counterfeit or forged
document value from their account.

[00139] FIG. 12a is a flow chart according to certain embodiments of the present
disclosure. At step 1250, a person approaches a scanning device. The person wants to
deposit currency bills into a checking account at Bank A. Next, at step 1255, the person
indicates on the scanning device what he wants to do (deposit money) and where (account
number at Bank A). This may be similar to how a person would use a standard ATM, with
the machine reading a card for certain information (bank name and account number) and the
customer inputting other information (what they want done and how much money).

[00140] - Once the machine has the information,. it may instruct the person to insert the

bills into an input receptacle (step 1260). In this example, the person has deposited ten
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currency bills totaling $141 (one fifty, three twenties, one ten, four fives, and one single). At
step 1265, the bills are then transported one by one past an image scanner which scans each
bill as described above. An image file is created containing the image of each currency bill
and its serial number (step 1268). The bills are then denominated at step 1270. In one
-embodiment, correction to the umeadable.OCR characters (step 1272) can be completed for
unreadable currency bill serial numbers, as an example, as described above. Serial numbers
of the bills are then compared to counterfeit serial numbers in a list (step 1275). In this
example, none of the bills contain serial numbers that match the list of counterfeit serial
numbers. Therefore, the $141 is credited to the person’s account at Bank A (step 1280). At
step 1285, the image files of the currency bills are communicated to Bank A for storage. Itis
also contemplated that the denomination of the currency bills may be determined prior to or
concurrently with th\e counterfeit testing. |

[00141] Tuming now to FIG. 12b, an example depicting how a check may be
deposited is described. At step 1250b, a customer approaches the scanning device. The
person wants to deposit checks into a checking account at Bank A. Next, at step 1255b, the
i:)erson indicates on the scanning device what he wants to do (deposit checks) aﬁd where
(account number at Bank A). This may be similar to how a person would use a standard
ATM, with the machine reading a card for cértain information (bank name and account
number) and the customer inputting other information (what they want done and how much).
[00142] Once the machine has the information, it may instruct the person to insert the
checks into an input receptacle (step 1260b). In this example, the person has deposited four
checks totaling $141 (one for sixty six dollars, one for fifty dollars, one for twenty dollars,
and one for five dollars). At step 1265b, the checks are then transported one by one past an
image scanner which scans each check -as described above. An image file is created
containing the image of each check (step 1268b). The amounts of the checks are then
obtained by reéding the courtesy amount (CAR) and/or the legal amount at step 1270b. In
one embodiment, correction to unreadable characters (step 1272) from the scans of the checks
can be completed for unreadable accoﬁnt and/or check numbers, as an example, as described
above. The ABA, account and/or check numbers of the checks are then compared to fhe
flagged numbers in the memory (step 1275b). In this example, none of the data matches data

in the memory. Therefore, the $141 is credited to the person’s account at Bank A (step
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1280b). At step 1285b, the image files of the checks are communicated to Bank A for
storage. It is also contemplated that the denomination of the checks may be determined prior
to or concurrently with the counterfeit testing. |

[00143] Turning to FIG. 13, a block diagram of a currency note processing device
1300 is illustrated according to certain embodiments of the present disclosure. The currency
note processing device 1300 can include an input receptacle 1310, a transport mechanism
1320, an output receptacle 1330, an image scanner 1340, a controller 1350, a memory 1360, '
and a processor 1390. In certain embodiments, the input receptacle 1310 is configured to
receive one currency note at a time. In other embodiments, the input receptacle is configured
to receive a plurality of currency notes 1335, for example, in the form of a stack of currency
bills. It is contemplated that the input receptacle 1310 may be adapted to receive the plurality
of currency notes 1335 with either a wide edge or a narrow edge of the plurality of the
currency notes 1335 being initially fed into the device 1300. FIGs. 14a,b depicts one non-
limiting example of such an ada‘ptable input receptacle 1410. FIG. 14a shows a currency note
1435a being fed with its wide-edge 1436 leading; while FIG. 14b shows a currency note
1435b being fed with its narrow-edge 1437 leading. Arrows F indicates the direction in
which currency notes are fed into a device comprising the input receptacle 1410. The input '
receptacle 1410 includes two slidable guides 1412. The slidable guides 1412 are adapted to
slide along slots 1414, in the directions of arrows A and B, that are formed in an input
receptacle base 1416. It is contemplated that the slidable guides 1412 and the input
receptacle base 1416 may be formed of several materials, including, but not limited to,
plastic, metal, glass, fiberglass, etc. It is further contemplated that the slots may be of any of
a variety of sizes or shapes. |

[00144) Referring back to FIG. 13, the output receptacle 1330 is configured to receive
the plurality of currency notes 1335 once the device 1300 processes the plurality of currency
notes 1335. It is contemplated that the output receptacle 1330 receives the plurality of
- currency notes in either a wide-edge leading or a narrow-edge leading orientation. In certain
embodiments, it is contemplated that the device 1300 may include two or more output
receptacles. For example, in such embodiments, the device 1300 may stack and/or store the
plurality of received currency notes 1335 in different output receptacles according to the

denomination of the note. Alternatively, the device 1300 may separate properly denominated
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currency notes from no-call currency notes. A no-call currency note may be a currency note
that the device 1300 cannot denominate because, for example, the currency note is old and
worn, or the currency note might have a piece of tape or marking causing a no-call.
Additionally, a no-call currency note may be a currency note that the device 1300 cannot
extract desired information for other similar reasons (e.g., the note is poorly printed, the note
is soiled, the note has a tear, etc.). 4

[00145) According to some embodiments, the image scanner is located within the
device 1300, desirably positioned adjacent to the transport path such as above the transport
mechanism 1320 or transport path. As the plurality of currency notes 1335 are processed, the
image scanner 1340 obtains a image of each of the plurality of currency notes 1335 being
processed by the device 1300. It is contemplated that in certain embodiments, the image
scanner 1340 obtains an image of the entire currency note, including both sides of the
currency note 1335. The device 1300 can include two image scanners, one. above the
transport mechanism 1320 or transport path and the other below the transport mechanism
1320 or transport path, similar to the image scanners 460a,b depicted in FIG. 4e. In certain
embodiments, the image scanner 1340 can obtain an image of an entire side of the currency
note 1335, while in other embodiments, the image scanner 1340 can obtain one or more
separate and distinct portions, or snippets, of one or both sides, of a currency note, as
illustrated, for exaniple, by the snippet of the serial number 830 in FIG. 8.

[00146] The transport mechanism‘1320 transports each of the plurality of the currency
notes 1335, one at a time, from the input receptacle 1310 along a transport path to the image
scanner 1340 for scanning. Then the transport mechanism 1320 transports each of the
plurality of currency notes 1335 from the image scanner 1340 along a transport path to the
output receptacle 1330. In certain embodiments, it is contemplated that the transport
mechanism 1320 can transport the plurality of currency notes 1335 at rates of approximately
1,‘000 to 1,200 currency notes per minute with the wide-edge of the currency note leading. It
is also contemplated that the transport mechanism can transport the plurality of currency
notes 1335 at rates of approximately 500 to 600 currency notes per minute with the narrow-
edge of the currency note ieading. .

[00147) It is also contemplated that in certain embodiments, a currency note processing

device can include one image scanner and a transport mechanism that can transport a



WO 2008/112132 PCT/US2008/003009

48

plurality of currency notes past or through the image scanner two times, such that a device
with one image scanner may obtain an image of both sides of each of the plurality of
currency notes.

[00148] The controller 1350 can be coupled to the transport mechanism 1320, the
image scanner 1340, and/or the processor 1390. The controller 1350 generally communicates
with the processor 1390 to control and/or vary the timing of the image scanner 1340 and~ the
transport mechanism 1320.

[00149] The memory 1360 can be coupled to the image scanner 1340 and adapted to
store the image or the image snippet(s) of the plurality of currency notes. The memory 1360
can further be adapted to store computer-type programs‘, such as, for example, crobping
algorithms, deskewing algorithms, denominating algorithms, authentication algorithms,
denomination images, and extraction algorithms. Extraction algorithms can include, for
example, OCR, CAR, LAR, bar code recognition, or fitness criteria recognition. The
memory 1360 is further adapted to store any data extracted from the images, such as, for
example, a serial numbef, a series number, a denomination, a signatory, or a plate number.
Other data that can be stored may include, for example, Federal Reserve Bank, bar code
ticket number, ticket amount, account number, bank routing number, check date, ticket date,
time,'country code, MICR data, authentication features.

[00150] The processor 1390 can be coupled to the memory 1360 and the controller
1350. The processor 1390 can communicate with the controller 1350 to coordinate the
timing of the image scanner 1340 and the transport mechanism 1320.

[00151] In certain embodiments, it is contemplated that the processor 1390 applies one
or more denominating algorithms to the stored images, or image snippets, to denominate the
_plurality of currency notes 1335. The processor 1390 may create image snippets by
executing a cropping algorithm or a computer program/code that searches the image for the
edges of the currency note. Once the program determines the edges of the currency note, the
program can then crop, or virtually cut, the image of the currency note out from the
superfluous surrounding image.

[00152] The processor 1390 can also execute a deskewing program/code, which uses
geometry and mathematical formulas and/or equations to orient the image of the currency

note such that currency note edges are squared up. Squaring up an image’s edges allows the
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processor 1390 to more readily position a grid or coordinate system on the image, where the
origin of the coordinate system is, for example, placed at one corner of the currency note
image and the x-axis and y-axis are positioned along the wider and narrower edges of the
currency note, respectively. The coordinate system can also be placed with the origin at the
center of the currency note image with the x-axis and y-axis parallel to the wider and
naﬁower edges of the currency note, respectfully. It is contemplated that in certain
embodiments, the processor can place a coordinate system on the image of the currency note
without first deskewing the image. It is further contefnplated that the coordinate system can
be positioned with the origin of the x-axis and y-axis placed at any known position on the
image of the currency note. In certain embodiments, the processor can directly position a
coordinate system on the currency note image, or image snippet, without deskewing and/or |
cropping the original image generated by the image scanner.

[00153] According to certain embodiments, the processor locates, crops and/or
deskews a portion of the currency note image. One non-limiting example of an image portion
is depicted in FIGs. 15a,b, which depicts an image of a currency note 1538 (FIG. 15a) with
an image portion 1539 Ihaving a width w and a height h. It is contemplated in certain
embodiments, the image portioﬁ can be located anywhere on the face or portrait side of a
currency bill, or on the non-face side of a currency bill. Additionally, the processor 1390 can
be adapted to apply a denominating algorithm to the image portion 1539 to denominate the
currency note 1538. It is contemplated that in certain embodiments, the processor can apply
the denominating algorithm to an entire side of the currency note image to determine the
denomination of a currency note. It is also contemplated that the processor can apply the
denominating algorithm to any of a variety of portions of the currency note image.

[00154] One non-limiting example of a denominating algorithm used to denominate
U.S. currency bills is a luminance algorithm that uses data to denominate currency bills. The
luminance algorithm can sample and digitally process an image or a portion of an image (e.g.,
image portion 1539) of a currency bill to determine the currency bill’s correct denomination.
The luminance algorithm can determine or calculate the luminance of pixels in sample areas
1539a-n of the image or image portion 1539. For example, the luminance algorithm can
calculate the average luminance of the pixels in sample areas (e.g., 1539a-n) having a width

w and a height Ah, depicted in FIGs. 15b,c. Desirably, the width w of the sample areas can
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be in the range of 0.3 inches to 0.7 inches and the height Ah can be in the range of 0.03
inches to 0.1 inches. Accordingly, the luminance algorithm determines a fixed number of
average luminance values for “n” number of sample areas parallel to the wider edge of the
currency note image (e.g., 1538) or image portion (e.g., 1539).

[00155] In certain embodiments, the average luminance data samples obtained can be
subjected to digital processing, including a normalizing process to deaccentuate variations
due to "contrast" fluctuations in the scanned image of the printed pattern or indicia existing
on the surface of the scanned currency bill. The collection of normalized average luminance
data samples represent a characteristic pattern that is fairly unique for a given currency bill
denomination and incorporates sufficient distinguishing features between characteristic
patterns for different currency denominations so as to accurately differentiate therebetween.
[00156] It can be desirable to generate and store a series of master characteristic
patterns using standard currency bills for each denomination of currency that is to be
detected. The "standard" currency bills used to generate the master characteristic patterns are |
desirably currency bills that are slightly used bills. According to certain embodiments, two
characteristic patterns are generated and stored within the device memory for each detectable
currency denomination. The stored patterns can correspond, respectively, to optical scans
performed on the non-face surface of a currency bill along "forward" and "reverse" directions
relative to the pattern printed on the currency bill. In certain embodiments it is contemplated
that any number of a variety of patterns are generated and stored within the device' memory to
be used to denominate the currency bills. For example, ih certain embodiments, the device
stores four characteristic patterns for each denomination of bill being processed; two of the
patterns for the non-face surface and two of the patterns for the face surface of the currency
bill. |

[00157] According to some embodiments, the processor 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, for example, 14 different characteristic patterns can be stored
within the system memory for subsequent denomination purposes (e.g., seven denominations
for which the processor can identify two characteristics for each denomination). In certain
embodiments, the prccessor can execute the luminance algorithm to generate a characteristic

pattern to compare with, for example, each of the 14 prestored characteristic luminance
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patterns.  According to some embodiments, the processor then generates, for each
comparison, a correlation number representing the extent of similarity between corresponding
sample areas of the plurality of average luminance data samples for the compared patterns.
According to some such embodiments, denomination identification is based on designating
the scanned bill as belonging to the denomination corresponding to the stored characteristic
luminance pattern for which the correlation number resulting from pattern comparison is
determined to be the highest. Other denominating techniques are known to those skilled in
the art and fall within the scope of the present disclosure. For example, various currency
processing equipment which denominate currency notes have been developed and/or sold. It
is contemplated that the denominating algorithms therein may be ’used in conjunction with the
present disclosure such as by examining the image of a currency note and/or portion(s)
thereof as opposed to the signals generated by one or more detectors such as optical detectors.
.lt is further contemplated that up to four or more characteristic patterns per denomination can
be identified or prestored. It is also contemplated that certain series of certain note
denominations can also have unique characteristic patterns that can be identified and/or
prestored.

[00158] It is contemplated that in certain instances the device may return a no-call
result when comparing the luminance data samples with the stored master characteristic
patterns, thus failing to denominate the currency bill. According to some embodiments, in
the case of a no-call, the processor and/or controller can direct the transport mechanism to
off-sort the currency bill to a different output receptacle than the one for properly
denominated currency bills.

[00159] In certain embodiments, the sample areas (e.g., 1539a-n) can overlap. FIG.
15b depicts two pairs of overlapping sample areas 1539b,c and 1539f,g. It is contemplated
that “n” number of sample areas can be obtained as necessary to reliably and accurately
denominate the plurality of currency notes 1335. In certain embodiments, it is contemplat‘ed
that the denominating algorithm calculates average luminance values for 100-140 sample
areas. In other embodiments, the denominating algorithm calculates approximately 50-70
average luminance values. Examples of characteristic patterns may be found in U.S. Patent
No. 5,295,196, entitled “Method and Apparatus for Currency Discrimination and Counting,”

which is incorporated herein by reference in its entirety.
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[00160] Referring back to FIG. 13, according to certain embodiments, the processor
1390 can denominate the plurality of currency notes 1335 by comparing either the entire
image of a currency note or a portion of an image of a currency note with a stored master
image of a currency note and/or portion(s) thereof, also referred to as a denomination image.-
The processor 1390 can be adapted to apply a denominating algorithm that, for example,
compares the luminance of certain pixels of the scanned image with the luminance of certain
pixels of a stored master denomination image. Based on the comparison of the pixel
luminance of the similarly positioned pixels, the processor 1390 can determine the
denomination of the currency notes. Denomination can also occur using a number of
different processes. For example, a value symbol from a note can be recognized using OCR
techniqués or a note can be center-scanned along the notes lengthwise axis. In other
embodiments, an area of a note having a unique characteristic to a particular denomination
can be analyzed and compared to a prestored data. In certain embodiments, an image taken
from a sampled note can be compared with a stored master image using cross-correlation or
R-squared (correlation coefficient) techniques.

[00161] According to certain embodiments, the image scanner 1340 works with the
processor 1390 to extract information from either the original image, a cropped image, a
deskewed image, or an image snippet. The information extracted from the currency note
image can be the same as or similar to the information extracted from the cunéncy bill
depicted in, for example, FIG. 7a, including such information as serial number 730a,
siAgnature 739a, denomination 750a, series 760a, back plate number 770a, front plate number
768a, or print code 769a. It is contemplated that other information can be extracted from the
currency notes. The éxtracted information may uniquely identify the currency note or
currency bill, such as the serial number:

[00162] - According to certain embodiments, the image scanner 1340 and/or processor
1390 can extract information from currency note images using one or more optical character
recognition (“OCR™) algorithms. An OCR algorithm can include locating specific fields
within the image or image snippet and determining or extracting chafacter information
associated with the currency note. It is contemplated that in certain embodiments different

methods of extracting desired information from curfency notes can be used (e.g., CAR, LAR,
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bar code, etc.). Extracted information can be stored in a text file and represented by, for
example, one or more ASCII characters.

[00163] In certain embodiments, the currency note processing device 1300 may store
extracted information in memory 1360. According to some embodiments, the processor 1390
is adapted to compare the extracted information with counterfeit information stored in
memory 1360 to identify counterfeit currency notes. One non-limiting example of
counterfeit information is a serial number of a known or suspected counterfeit currency note.
In certain embodiments, when the extracted serial number matches, or substantially matches
the serial number of a known or suspected counterfeit currency bill, the deQice 1300 can
trénsport such a currency bill to a different output receptacle than the one used for non-
suspect currency bills. According to some embodiments, the device comprises an operator
interface configured to permit an operator to set how many characters of the extracted serial
number must match with a serial number on the counterfeit list before the device off-sorts the
currency bill. -

[00164] In certain embodiments it is contemplated, the processor identifies counterfeit
notes by comparing data from a currency n9te, for example, serial number, series number,
plate number, etc. with data from a list containing the same or substantially similar data
associated with counterfeit or suspect counterfeit notes. It is contemplated that the list of data.
associated with counterfeit and suspected counterfeit currency notes can be stored in a
number of locations .including the memory 1360, a separate memory located in the device
1300, or a separate memory located in a separate device/machine communicatively linked to
the device 1300. In certain embodiments, the device 1300 is connected to a communications
link to automatically or manually download an updated counterfeit .and suspect counterfeit
list from a remote database. It is contemplated that according to some embodiments, the
device connects with the remote database in real-time. According to some embodiments, the
connection to the remote database is a permanent connection and according to some
embodiments, the connection is an on-demand connection. For example, according to some
embodiments, the device is adapted to automatically receive real-time updated counterfeit or
suspect counterfeit information, as such information becomes available. Alternatively, an
operator can decide when to connect the device via the communications link to download

updated counterfeit or suspect counterfeit information to a local database stored in a local
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memory such as a memory residing in the device 1300 and a memory coupled to the device
1300 and physically located near the device 1300. The local database may store all or part of
the counterfeit data stored in the remote data based. For example, according to some
embodiments, the local database stores only a list of serial numbers and their corresponding
denominations associated with counterfeit bills. It is also contemplated that the comparison
of serial numbers may be completed on a processor external to device 1300 that is linked to
the device 1300 and a memory storing counterfeit information.

[00165) In certain embodiments, the device 1300 executes or deploys a correction
routine to automatically adjust an error in the information extracted from the image or image
snippet. The correction routine can be in the form of a computer code or program stored in
the memory 1360. For example, when one or more digits in a serial number can not be
determined with an adequate degree of confidence using an initial OCR algorithm, a
correction routine may-be employed to examine the image of the digit in more detail. For
example, according to some embodiments, a correction routine may employ a image
smoothing and/or contrast adjustment routine before applying an OCR algorithm to the image
of the questioned digit(s) again. The automatic correction routine can be implemented in the
background as the device 1300 processes a plurality of currency notes 1335. Alternatively,
the automatic correction routine can be implemented on the demand of ar; operator, including
after the device 1300 physically processes a plurality of currency notes 1335 (i.e., post-
processing). For example, according to some embodiments, the device 1300 automatically
runs a correction routine to correct errors or omissions in the desired information extracted
from the image or image snippet of an imaged currency note while continuing the imaging
and processing of subsequent currency notes in a stack of currency. notes 1335. Alternatively,
according to some embodiments, the device 1300 autorhatically runs a correction routine to
correct errors or omissions in the desired information extracted from the image or image
snippet after a plurality of currency notes 1335 are fully processed. Automatically correcting
the errors after the device 1300 physically processes the plurality of currency notes 1335
allows the processor 1390 and memory 1360 to use more resources. For example, the
processor 1390 will have additional processing power and memory to run additional and/or

larger more complex extraction algorithms.
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[00166] According to certain embodiments, the device 1300 can automatically correct
an error in the desired extracted information while the device 1300 simultaneously processes
the plurality of currency notes 1335. An example of error correction of extracted information
can include using additional algorithms or optionally run the same extraction algorithm
multiple times on the currency note image or image snippet(s) to correct errors. Acéording to
some embodiments, the controller 1350 and/or processor 1390 can be adapted to cause the
transport mechanism 1320 to vary the transport speed to allow for additional time for the
algorithms operating on the processor to automatically correct the errors.

[00167] According to certain embodiments, the currency note processing device 1300
can further include a buffer memory (not shown). The buffer memory may be additional
memory in the memory 1360 of the device 1300. Alternatively, the buffer memory can be a
separate memory unit coupled to the memory 1360. The buffer memory can be in the form
of, for example, a RAM memory, a hard drive memory, or a flash memory.

- [00168] " The buffer memory may be coupled to the controller 1350 and/or processor
1390 such that the controller 1350 can reduce the rate the transport mechanism 1320
transports the plurality of currency notes 1335 from the input receptacle 1310 to the image
scanner 1340 when the buffer memory approaches a buffer memory limit. The buffer
memory limit can be a predetermined percéntage of memory in the device 1300. For
example, the operator or the manufacturer may set the buffef memory limit within a range of
50 to 95 percent of total memory in the device 1300. When the device 1300 processes a
plurality of currency notes 1335, the device 1300 can use a substantial amount of processihg
power and memory. The buffer memory gives the device 1300 extra.memory to use while
processing the plurality of currency notes 1335 to minimize the overwriting of images and
image snippets of previously processed currency notes stored in the memory 1360. Once the
buffer memory limit is reached, the controller 1350 can reduce the rate of the transport
mechanism 1320 from, for example, 1000 currency notes per minute to 500 currency notes
per minute or even lower to allow the memory to free up and allow the device to continue to
process currency notes. The rate change of the transport mechanism can occur incrementally,
such as, for example, from 1,000 notes per minute to 900 notes per minute to 800 notes per
minute and then back to 1,000 notes per minute once the memory becomes available.

According to some embodiments, slowing down the transport mechanism gives the processor
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more time to finish analyzing queued images or image portions. Once the processor
determines that it is done analyzing certain images or image portions, such images or image
portions may be overwritten with new images or image portions. As the processor catches up
with processing stored images/image portions and more memory becomes available to be
overwritten with new images/image portions, the processor may cause the speed of the
transport mechanism to be gradually increased until the transport mechanism again is
operating at its optimal speed.

[00169) According to certain embodiments, the currency note processing device 1300
is programmed to stop the transport mechanism 1320 from transporting any of the plurality of
currency notes 1335 from the input receptacle 1310 to the image scanner 1340 when the
buffer memory approaches a buffer memory overrun condition. The buffer memory overrun
condition can be a predetermined percentage of memory in the device 1300. For example,
the operator or the manufacturer may set the buffer memory overrun condition within a range
of 95 to 100 percent of total memory in the device 1300.

.[00170) It is contemplated that according to certain embodiments, the currency note
processing device described herein may also be a document processing device adaptable to
receive a plurality of documents containing intermingled currency notes and checks. The
device can be adapted to receive the plurality of intermingled documents with a wide-edge or
a narrow-edge of the plurality of documents being initially fed into the document processing
device (e.g. wide-edge leading or narrow-edge leading). It is contemplated that in certain
embodiments, the input receptacle can be adapted to receive a portion of the plurality of
intermingled currency notes and checks with the wide-edge leading and further capable of
receiving other documents with the narrow-edge leading.

[00171] For example, the input receptacle can be adapted to receive a plurality of
documents including currency bills and standard size checks fed with their wide-edge
leading, and larger business checks fed with their narrow-edge leading. According to some
embodiments, minimizing the .input receptacle width to only accommodate the width of
currency notes (e.g., U.S. cﬁrrency bills) and consumer size checks (e.g., 2.5” x 6”), as
opposed to large commercial checks (e.g., 8.25” x 3”), results in a smaller overall width of
the device. However, these' dimensions still allow the device to accept the larger business

checks in a narrow-edge leading manner. Likewise, according to some embodiments, such a
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device is provided which has a smaller footprint given its shorter width. According to some
such embodiments, the document processing device accepts currency notes and standard
checks in a wide-edge leading manner and commercial checks in a narrow-edge leading
manner and employs a shorter transport path associated with a wide-edge leading orientation
and is contained in a device having a smaller footprint. It is contemplated that in certain
embodiments the device can process intermingled currency notes and checks in the wide-
edge leading manner at a rate of up to approximately 1,000 to 1,200 documents per minute,
.with the processing rate ranging from approximately 250 documents per minute
(predominantly checks) up to 1,200 documents per minute (predominantly currency). It is
also contemplated that the same device may process the larger business checks in a narrow-
edge leading manner at a rate of up to 100 documents per minute.

[00172] In certain embodiments, a document processing device can identify all no-call ’
documents.  No-call documents include currency notes the device fails to properly
denominate 6r to extfact desired information (e.g., serial number), or checks the device fails
to completely process (e.g., extract the amount of the check, or extracf the MICR data). In
certain embodiments, the document processing device is further adapted to identify and
sort/separate all no-call documents from properly proc'esséd documents by placing the no-call
documents in a separate outbut receptacle. For example, in certain embodiménts, the device
can identify all no-call checks and sort them into an output receptacle that is different than the
output receptacle storing the other documents (including properly processed currency notes
and check and no-call currency notes). According to some embodiments, separating the no-
call checks from the other documents spares the operator from searching the stack of output
documents to find the no-call checks when needed for further processing. In some
embodiments, the document processing device may stack and/or store the processed currency
notes in one output receptacle and stack and/or store the processed checks in a different
output receptacle.

[00173] In certain embodiments, the image scanner can obtain an image of at least one
portion of the document, also referred to as a snippet. Some non-limiting examples of
snippets include, but are not limited to, an image of MICR data on a check or a portion
thereof, an image of a barcode on a document (e.g., check or currency note), an image of a

serial number on a currency bill, an image of any portion of a currency bill or check.
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[00174] In certain embodiments, the processor and/or the image scanner executes a
cropping algorithm and a deskewing algorithm to crop and deskew one or more portions of a
scanned image, which results in one or more image snippets. In certain embodiments, it is
contemplated that the processor denominates the currency notes by applyirig one or more
denominating algorithms to the stored images, or image snippets in the same or similar
manner as the currency note processing device 1300 described above. The processor can also
denominate the currency notes by comparing the scanned image or image snippet(s) with the
denomination image in the same or similar manner as described above in relation to the
currency note processing device 1300. The prdcessor can also be adapted to process the
checks using an extraction algorithm. Extraction algorithms can be adapted to determine a
check amount; determine a routing, a bank account, and a check number; determine a payee
and/or a drawer and drawee name; and determine an endorser name and storing such
extracted data in, for example; a text file.

[00175] Accbrding to certain embodiments, the image scanner generally works with
the processor to extract information from either the original image, the cropped and/or
deskewed image, or the image snippet(s). For currency bills, the information extracted from
the document image can be the same as or similar to the information extracted from the
currency bill depicted in FIG 7a, including such information as a serial number 730a,
signature 739a, denomination 750a, series 760a, back plate 770a, front plate 768a, or print
code 769a. For checks, the information extracted from the document image can be routing
number, bank account number, check number, check amount (e.g., numerical amount and/or
written amount), payee name, drawer signature, drawee name, endorsement signature, drawer
name, contact information, or memo field information.

[(00176] In certain embodiments, the document processing device can store the
extracted information from the image or image snippet in the memory. The processor can
then compare the extracted information with information identifying a counterfeit or forged
document also stored in the memory. To determine a counterfeit currency bill, the processor
can compare, for example, the extracted serial number with a list of known or suspected
counterfeit serial numbers. To determine a forged check, the processor can compare, for
example, the extracted routing number with a list of known or suspected routing. numbers

connected with fraudulent activity or forgery. The processor can compare the extracted
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information with the lists of known or suspected counterfeit and forged documents in the
same or similar manner as processor 1390 described above. If the extracted information
matches, or substantially matches, for example, the serial number or routing number of a
known or suspected counterfeit or forged document(s), the document processing device can
transport such a document to a different output receptacle than the one used for non-suspect
documents.

[00177) It is contemplated that the operator can, for example, determine how many
characters of the extracted serial number must match with a serial number on the counterfeit
list before the device off-sorts the currency bill into a different output receptacle. It is further
coritemplated that in certain embodiments, the processor can compare other extracted
information from the documents with a list of the same type of information relating to known
or suspected counterfeit or forged documents. For example, the processor can compare an
extracted bank account number with a list of bank account numbers known or suspected to be
connected with fraud or forgery.

|00178] It is contemplated that the list of known and suspected counterfeit and forged
documents can be stored in a number of locations including the device’s memory, in a
separate memory located in the device, or in a separate memory located in a separate
device/machine. In certain embodiments, the device can connect to a communications link to
automatically or manually download updated lists of known and suspected counterfeit and
forged documents in the same or similar manner as the device 1300 described above.

[00179] In certain embodiments, the processor can be configured to execute a
correction routine that is capable of automatically adjusting an error in the information
extracted from the image or image snippet. The correction routine functions in the same or
similar manner as the correction routine described above in relation to the currency note
procession device 1300.

[00180] It is contemplated thai according to certain embodiments, the device can be
configured to process checks containing a MICR code parallel to a narrow-edge or shorter
side of the check. Additionally, it is contemplated that the device can be configured to
process a check having a barcode, wherein the barcode is either parallel to the wide-edge or
the narrow-edge of the check. The barcode can contain a variety of information, including

but not limited to, routing number, account number, check number, drawer information,
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drawee information, etc. The processor and/or image scanner can execute one of the
extraction algorithms to extract the MICR data from the image or énippet. In certain
embodiments, the scanner can be configured to directly scan and retrieve the information
encoded in the barcode.

[00181] According to certain embodiments, the document processing device further
includes a communications link. The communications link can éonnect the device to a
network system. 'The processor can be configured to compare extracted information with
information on the network system. For example, the network system can contain a list of
knov;/n or suspect counterfeit documents and/or known or suspected forgery documents. The
documents can be identified by, for example, serial numbers for currency bills and by routing
or bank account numbers for forgery documents. In certain embodiments, the device can off- -
sort documents matching a document on the network system list. It is contemplated that the
. network system can be updated in real-time. '

[00182] According to some embodiments, the communications link can connect the
device to a banking network. The processor can be configured to transmit the scanned
images, snippets, and/or extracted information to a financial institution through the banking
network, also known as the send-it-forward feature. According to certain embodiments, a
bank can receive transmitted images and/or extracted information and give its customer a
provisional credit for the currency bills and checks sent forward electfonically over the
communications link.

[00183] The send-it-forward feature also allows the bank to start processing the
currency bills and/or checks before the currency bills and/or checks themselves physically
arrive at the bank. Thus, banks can perform counterfeit searches of the soon to be deposited
currency bills’ serial numbers and determine the counterfeits, if any, before the bank receives
and deposits and/or credits the customer’s account. The send-it-forward feature also allows
the bank to start processing the checks before the physical checks are deposited with the
bank. Thus, the bank can determine any forgeries, if any, as well as determine if there are
sufficient funds in the drawer’s account, etc. It is contemplated that the communications link
can be any type of connection that allows for electronic data transfer, for example, an internet
connection, a dial-up connection, an email connection, a Wi-Fi connection, a LAN

connection, an Ethernet connection, a wireless connection, a Bluetooth connection, etc.
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[00184] According to certain embodiments, the communications link may connect the
device with a banking network wherein the processor can be configured to transmit a deposit
amount to a financial institution (e.g., a bank). The bank can receive the deposit amount
electronically through the communications link and store the deposit amount along' with
customer identifying information. Once the bank receives the plurality of physical
documents from the customer, the bank can process the documents in a similar document
processing device. The bank’s document processing device can calculate the deposit amount
and compare the bank’s calculated deposit amount with the stored deposit amount sent via the
communications link by the customer. If the deposit amounts of the customer and the bank
match, then the device can display the deposit amount to the teller. If the deposit amounts do
not match, then the deposit amount is not revealed to the teller and a message may be sent to
the bank manager, the customer, or both. This embodiment is also known as blind balancing.
Blind balancing deposits provides banks and bank customers with a desired fraud prevention
mechanism that prevents tellers from embezzling/stealing any amount actually deposited over
the customer’s declared/calculated deposit amount. .Blind balanci'ng is advantageous because,
for example, often a customer will think it is depositing one amount and disclose that amount
to a bank (i.e., $10,000), but when the teller processes the documents the deposit amount may
turnout to be greater than the amount the customer calculated. Thus, without blind balancing,
a dishonest teller may easily steal the difference without raising much sﬁspicion.

[0018S] According to certain embodiments, the document processing device or system
may further comprise a printer. The printer can be coupled to the document processing
device to allow a user to print a receipt that documents the transaction (e.g. deposit of cash or
checks). For example, in a document processing device embodied in an automated teller
machine (“ATM”), a user may deposit several documents including checks and currency
bills. The device can be configured to scan the documents and provide the user with an
option to print a copy of the images scanned/deposited. The user may customize the printed
receipt by selecting to print images of only the checks, only the currency bill serial numbers,
or any combination. It is contemplated that in certain embodiments, the system comprises an
interface configured to permit a user to print a receipt containing any combination of iméges,

image snippets, and extracted information from the currency bills and/or checks.
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[00186] ‘ In'certain embodiments, a free standing document processing device includes
a printer. According to some embodiments, the device is configured to allow a user to print
a log of extracted information. The log can be a list of the serial numbers of currency bills
processed, of the check routing and account numbers processed, or other information
extracted from the documents.

[00187] While the present invention has been described with reference to one or more
particular embodiments, those skilled in the art will recognize that many changes may be
made thereto without departing from the spirit and scope of the present invention. Each of
these embodiments and variations thereof is contemplated as falling within the spirit and
scope of the claimed invention, which is set forth in the claims following the disclosure. By

way of -example, the following embodiments are illustrative examples of the present

disclosure.
: [00‘188] Alternative Efnbodimgnt A
[00189] A document proéessing device includes an input receptacle configured to

receive a plurality of doéuments, an image scanner configured to obtain a document image of
at least a portion of one side of each of the plurality of documents, the scanner further being
configured to extract information from the document image. A transport mechanism is
configured to transport each of the plurality of documents one at a time from the input
receptacle passed the image scanner and to an output receptacle. A controller is coupled to
the transport mechanism and to the image scanner. The controller is configured to at least
bartially control the transport mechanism and the image scanner. A memory is coupled to at
least one of the controller and the image scanner. The memory is conﬁgﬁred to store at least
one of information extracted from the document image and master information identifying at
least one of counterfeit and forged documents. A processor is coupled to the memory.' The
processor is configured to compare the information extracted from the document image with
master information stored in the memory. The master information identifies at least one of
counterfeit and forged documents. The processor is further configured to identify at least one
of a suspected counterfeit and forged document based on the comparison operation. The
document processing device continuously transports documents during the comparison and
identification operations, and the information extracted from the document image at least

partially contains character information obtained from a predetermined field of the document
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image. The processor contains a search routine configured to search the character

information.
[00190] Alternative Embodiment B
[00191] The device of embodiment A can also include the input receptacle having a

single receptacle configured to receive intermingled currency bills and checks.

[00192] Alternative Embodiment C

[00193] The device of embodiment B can also include the input receptacle being
configured to receive currency bills and checks intermingled in a single stack of documents,
with the input receptacle further being configured to transfer the currency bills into the
transport mechanism in a direction perpendicular to a wider edge of said currency bill and to
transfer the checks into the transport mechanism perpendicular to at least one of a wider edge
and a narrower edge of the check.

[00194] Alternative Embodiment D

[00195] - The device of embodiment A can also include the image scanner having a
depth of field of approximately 0.060 inches.
[00196] Alternative Embodiment E

[00197] The device of embodiment A can also include the image scanner being
capable of simultaneously scanning a front side and a back side of the documents.

[00198] Alternative Embodiment F

[00199] "The device of embodiment A can also include the transport mechanism being
configured to transport the documents at a rate varying between 0 and 100 inches per second.
[00200] Alternative Embodiment G

[00201] The device of embodiment F can also include a luminance control technique
that is initiated for the image scanner when the transport mechanism is transporting
documents at a non-constant rate.

[00202] Alternative Embodiment H

[00203] The device of embodiment F can also include an image processing technique
that is initiated for the image scanner when the transport mechanism is transporting

documents at a non-constant rate.
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[00204) Alternative Embodiment [
[00205] The device of embodiment A can also include the transport mechanism being
configured to transport the documents at a rate of up to 1,000 documents per minute.

[002006]) Alternative Embodiment J

[00207) - The device of embodiment A can also include the transport mechanism being
further configured to transport intermingled currency bills and checks, with the currency bills
and checks being transported in a direction perpendicular to the wider edge of 'the currency
bills and the checks. |

[00208] Alternative Embodiment K |

[00209] The device of embodiment A can further include an evaluation unit configured
to determine currency denomination using information extracted from a predetermined field
of the document imagé.

[00210] Alternative Embodiment L

[00211] The device of embodiment A can also include the image scanner being further
configured to locate a field in the document image and further configured to extract
characters from the field as information to be associated with the document.

[00212] Alternative Embodiment M

100213) The device of embodiment A can also include that at least one of the image
scanner and the processor contains a correction routine configured to adjust an error in
extracted information from the document image.

[00214) Alternative Embodiment N

[00215] The device of embodiment M can also that the correction routine allows
adjustment of the error by manual input into an input device.
[00216] Alternative Embodiment O

[00217] The device of embodiment M can also include that the processor operates

remotely from the image scanner.
[00218]} Alternative Embodiment P

[00219] The device of embodiment M can also include that the correction routine

allows for adjustment of the error automatically.
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[00220] Alternative Embodiment Q

[00221] The device of embodiment P can also include that the automatic adjustment of
the error occurs after the device finishes transporting the plurality of documents, with the
correction routine being capable of using additional algorithms.

[00222] Alternative Embodiment R

{00223] The device of embodiment L can also include that the image scanner employs
optical character recognition to extract characters from a field and wherein at least one of the
image scanner and the processor contains a correction routine configured to adjust an error in
optically-recognized extracted characters, wherein the correction routine comprises an image
enhancement routine configured to process a document image followed by an extraction of
characters from the document image. |

[00224] Alternative Embodiment S

[00225] The device of embodiment A can’also include that the character information
extracted from the documents includes serial numbers and the search routine is configured to
search for partial serial numbers. |

[00226] Alternative Embodiment T

[00227] A document processing system includes a plurality of document scanning
devices that extract information from document images, and a central processor remotely
connected to the document scanning devices. The central processor is configured to receive
the document images and the extracted information from the document scanning devices and
is further configured to employ a correction routine configured to adjust an error in the
extracted information from the document image.

[00228] Alternative Embodiment U

[00229] A currency note processing device includes at least one input receptacle
configured to receive a plurality of currency notes, an image scanner configured to obtain at
least a partial image of at least one side of each of the plurality of currency notes, and a
transport mechanism configured to transport each of the plurality 'of currency notes one at a
time from the input receptacle to the image scanner and from the image scanner to an output
receptacle. A controller is coupled to the transport mechanism and to the imége scanner, the
controller being configured to at least partially control the transport mechanism and the

image scanner. A memory is coupled to the image scanner, the memory being configured to

+
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store the at least partial image of each of the plurality of currency notes. A processor is
coupled to the memory, the processor configured to denominate the plurality of currency
notes by applying a denominating algorithm to the stored at least partial image of each of the
plurality of currency notes.

[00230] Alternative Embodiment V

[00231] The currency note processing device of embodiment U can also include that
the input receptacle is configured to receive currency notes and transfer the currency notes
into the transport mechanism in a direction perpendicular to a wider edge of the currency

notes at a rate up to 1000 currency notes per minute. .

[00232] Alternative Embodiment W

[00233] The currency note processing device of embodiment U can also include that
the image scanner is further configured to extract information from the image of each of the
plurality of currency notes.

[00234] Alternative Embodiment X

[00235]) The currency note processing device of embodiment W can also include that
the extracted information uniquely identifies each of the plurality of currency notes.

[00236]) ~ Alternative Embodiment Y

[00237] The currency note processing device of embodiment W can also include that
the extracted information is at least one of a serial number, a signature, a dénomination, a
series, a back plate, a front plate, and a print code.

[00238] Alternative Embodiment Z

[00239] The currency note processing device of embodiment U can also include that-
the image scanner further includes an optical character recognition capability to locate a field
in the document image and to extract characters from the field as information to be associated
with the currency note. '

100240} Alternative Embodiment AA

[00241) The currency note processing device of embodiment U can also include that
the processor is further configured to denominate the plurality of currency notes by

comparing the stored at least partial image with a denominating image.
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[00242] Alternative Embodiment AB

[00243] The currency note processing device of embodiment W can also include that
the memory is configured to store one of extracted information from the image of each of the
plurality of currency notes and master information identifying counterfeit currency notes.

[00244] Alternative Embodiment AC

[00245] The currency note processing device of embodiment AB can also include that
the processor is configured to compare the extracted information with the master information
identifying the counterfeit currency notes. The processor can be further configured to

identify at least one of a suspected counterfeit currency note based on the comparison

operation,
[00246] Alternative Embodiment AD
100247] The currency note processing device of embodiment W can also include that at

least one of the image scanner and the processor contains a correction routine capable of
automatically adjusting an error in the extracted information from an image.

[00248] Alternative Embodiment AE

[00249] The currency note processing device of embodiment AD can also include that
the automatic adjustment of the error occurs at least partially after the device processes the
plurality of currency notes using an additional algorithm.

[00250) Alternative Embodiment AF

[00251] The currency note processing device of embodiment U can further include a
~ buffer memory coupled to the memory and coupled to the controller, wherein the controller
reduces the rate the transport mechanism transports the currency notes from the input

receptacle to the image scanner when the buffer memory approaches a predetermined buffer

limit.
[00252] Alternative Embodiment AG
[00253] The currency note processing device of embodiment AF can also include that

the controller stops the transport mechanism from transporting the currency notes when the

buffer memory approaches a buffer overrun condition.
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[00254] .  Alternative Embodiment AH

[00255] The currency note processing device of embodiment U can also include that at
least one of the image scanﬁer and the processor applies a deskewing algorithm for
deskewing the partial image of at least one side of each of the plurality of currency notes.
[00256) Alternative Embodiment Al

[00257] The currency note processing device of embodiment U can also include that
the image of at least one side of each of the plurality of currency notes is an image of an
entire currency note, the processor being configured to apply a cropping algorithm to crop a
portion of the image of an entire currency note. '

[00258] Alternative Embodiment AJ

[00259] . The currency note processing device of embodiment Al can also include that
the processor is configured to apply a deskewing algorithm for deskewing the cropped
portion of the image.

[00260] Alternative Embodiment AK

100261} The currency note processing device of embodiment AJ can also include that
the processor' is configured to apply a denominating algorithm to the cropped and the
deskewed portion of the image to denominate the currency note.

[00262] Alternative Embodiment AL

[00263] The.currency note processing device of embodiment Al can also include that
the processor is configured to apply an extraction algorithm to the cropped and the deskewed

image to extract information from the image.

[00264] Alternative Embodiment AM
[00265] The currency note processing device of embodiment AL can also include that
the

extracted information includes a serial number associated with a currency note.

[00266] Alternative Embodiment AN

[00267] A document processing device includes an input ‘receptacle configured to
receive a plurality of documents, an image scanner configured to obtain a document image of
at least a portion of at least one side of each of the plurality of documents with the scanner
further being configured to extract information from the document image of each document,

and a transport mechanism configured to transport each of the plurality of documents one at a
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time from the input receptacle to the image scanner and from the image scanner to an output
receptacle. A controller is coupled to the transport mechanism and to the image scanner, the
controller configured to at least partially control the transport mechanism and the image
scanner. A memory is coupled.to at least one of the controller and the image scanner, the
memory being configured to store the extracted information from the document image. A
processor is coupled to the memory, the processor. Conﬁgufed to execute a correction routine

that applies a first algorithm for automatically adjusting errors identified :in the extracted

information.
[00268) Alternative Embodiment AQ
[00269] " The document processing device of embodiment AN can also include that the

input receptacle is a single input receptacle configured to receive intermingled currency notes

and checks.
[00270) Alternative Embodiment AP
[00271) The document processing device of embodiment AO can also include that the

transport mechanism is configured to transport the intermingled currency notes and the
checks at a rate of up to 1,000 documents per minute. The currency notes and the checks are
in a direction perpendicular to a wider edge of the currency notes and the checks and the
device is further configured to transport the checks in a direction perpendicuiar to a narrower
edge of the checks at a rate of about 50-100 documents per minute. |
[00272] Alternative Embodiment AQ

[00273] The document processing device of embodiment AO can also include that at
least one of the document images includes an image of at least a portion of a MICR code.

[00274] Alternative Embodiment AR

[00275] The document processing device of embodiment AQ can also include that the
image scanner extracts information from the MICR code image. |

[00276] Alternative Embodiment AS

[00277) The document processing device of embodiment AO can also include that the
check contains a MICR code parallel to a narrower edge of the check. The image scanner is

further configured to extract information from the MICR code parallel to the narrower edge
of the check.
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[00278] Alternative Embodiment AT

[00279] The document processing device of embodiment AO can also include that the
check contains a barcode parallel to at least one of a wider edge of the check and a narrower

edge of the check. The image scanner is further configured to extract information from the

barcode.
[00280] Alternative Embodiment AU
[00281] The document processing device of embodiment AO can also include that the

memory is further configured to store a denominating image. The processor is further
configured to compare the extracted information with the denominating image for
denominating the currency notes.

[00282] Alternative Embodiment AV

[00283] The document processing device of embodiment AO can also include that the
document image is an image of an entire document, and the processor crops aﬁd deskews a
portion of the document image.

[00284] Alternative Embodiment AW

[00285] The document processing device of embodiment AV can also include that the
processor executes a cropping algorithm and a deskewing algorithm to crop and deskew the
document image.

[00286] Alternative Embodiment AX

(00287] The document processing device of embodiment AV can also include that the
processor applies an algorithm to the cropped and the deskewed document image to
denominate the currency notes. |

[00288] Alternative Embodiment AY

[00289] The document processing device of embodiment AX can also include that the
algorithm is a denominating algorithm.
[00290] Alternative Embodiment AZ

[00291] The document processing device of embodiment AX can also include that the
algorithm calculates a predetermined number of average luminance samples of pixels within

the cropped and deskewed image.
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[00292] Alternative Embodiment BA

[00293] The document processing device of embodiment AZ can also include that the
processor compares the average luminance samples with at least one master characteristic
pattern to denominate the currency notes.

[00294) Alternative Embodiment BB

[00295] The document processing device of embodiment AV can also include that the
processor applies an algorithm to the cropped and the deskewed portion of the side of the
plurality of documents to extract information from the image.

[00296] Alternative Embodiment BC

[00297] The document processing device of embodiment AN can also include that the
processor operates remotely to the image scanner.

[00298] ~ Alternative Embodiment BD

100299] The document processing device of embodiment AN can also include that the
image scanner is configured to locate a field within the document image and to extract
characters from the field as information to be associated with a corresponding document.

[00300] Alternative Embodiment BE

[00301] ' * The document processing device of embodiment AN can also include that the
automatic adjusting of the error occurs at least partially after the device proceéses the
plurality of documents using an additional algorithm.

[00302) Alternative Embodiment BF

[00303] The document processing device of embodiment AN can also include that the
transport mechanism transports the documents having an error that cannot be automatically
corrected to a separate output receptacle.

[00304) Alternative Embodiment BG -

[00305]) The document processing device of embodiment AN can also include that at
least one of the image scanner and the processor deskews the portion of at least one side of
each of the plurality of documents.

[00306] Alternative Embodiment BH

[00307) The document processing device of embodiment AN can also further include a
buffer memory coupled to the memory and coupled to the controller, wherein the controller is

configured to reduce the rate the transport mechanism transports the currency notes from the
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input receptacle to the image scanner when the buffer memory approaches a predetermined

buffer limit.
[00308] -  Alternative Embodiment Bl
[00309] The document processing device of embodiment BH can also include that the

controller is configured to stop the transport mechanism from transporting the currency notes
when the buffer memory approaches a buffer overrun condition.

[00310] Alternative Embodiment BJ

[00311] The document processing device of embodiment AN can further include a
communications link between the document processing device and a network system,
wherein the processor is further configured to compare the extractred information with
information on the network system.

[00312] Alternative Embodiment BK

[00313] The document processing device of embodiment BJ can also include that the
information on the network system is a suspect list of at least one of known counterfeit
documents and known forgery documents.

[00314] Alternative Embodiment BL

[00315] - The document processing device of embodiment BK can also include that the
controller is configured to cause the transport mechanism to transport documents matching at

least one of the known counterfeits and the known forgery documents to a separate output

- receptacle.
[00316] Alternative Embodiment BM
[00317] The document processing device of embodiment AN can further include a

communications link between the document processing device and a banking network,
wherein the processor is further configured to transmit at least one of the extracted
information and the document image to a financial institution over the banking network.

[00318] Alternative Embodiment BN

[00319] The document processing device of embodiment BM can also include that the
processor is configured to transmit at least one of the document images and the extracted
information to a bank for at least one of processing the checks, denominating the currency
notes, comparing the currency notes to known counterfeits, and comparing the checks to

known forgeries.
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[00320] Alternative Embodiment BO

[00321] The document processing device of embodiment BM can also include that the
processor is configured to transmit at least one of the document images and the extracted
information to a bank for a provisional credit to a customer account.

[00322] Alternative Embodiment BP

[00323] The document processing device of embodiment BM can also include that the
processor is configured to transmit a deposit amount for the plurality of documents to a

banking device to allow a financial institution to perform a blind balancing of the plurality of

documents.
[00324] Alternative Embodiment BQ
[00325] The document processing device of embodiment BP can also include that the

blind balancing includes displaying the deposit amount of the plurality of documents only if

the plurality of documents balances with the deposit amount transmitted to the banking

device.
[00326] Alternative Embodiment BR
[00327] The document processing device of embodiment AN can further include a

printer for printing at least one of a portion of the document image and:a portion of the
extracted information.

[00328] Alternative Embodiment BS

[00329] The document processing device of embodiment BR can also include that the
document processing device is an automated banking machine configured to print a receipt

including at least one of a portion of the extracted information and a portion of the document

image.
[00330) Alternative Embodiment BT
[00331) The document pfocessing device of embodiment BS can also include that the

receipt further includes customer identifying information.

[00332] ~ Alternative Embodiment BU

[00333] , The~docurhent processing device of embodiment BS can also include that the

automated banking machine is an automated teller machine.
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100334] Alternative Embodiment BV

[00335]) A document processing method includes receiving a plurality of documents in
an input receptacle, obtaining a document image of at least a portion of one side of each of
the plurality of documents, extracting information from the document image, transporting
each of the plurality of documents one at a time from the input receptacle to an output
receptacle, storing at least one of information extracted from the document image and master
information identifying at least one of counterfeit and forged documents, identifying suspect
documents by comparing the information extracted from the document image with the master
information identifying at least one of counterfeit and forged documents, and searching the
information extracted from the document image for character data extracted from a
predetermined field of the document image.

[00336] Alternative Embodiment BW

[00337] The document processing method of embodiment BV can also include that the
plurality of documents are continuously transported one at a time from the input receptacle to
the output receptacle.

[00338] Alternative Embodiment BX

[00339] A currency note processing method includes the acts of receiving a plurality of
documents in at least one input receptacle, obtaining at least a partial image of at least one
side of each of the plurality of currency notes, transporting each of the plurality of currency
notes one at a time from the input receptacle to an output receptacle, storing the at least |
partial image, and denominating the plurality of currency notes using the stored at least
partial image. |

[00340]  Alternative Embodiment BY

[00341) A document processing method includes the acts of receiving a plurality of
documents in an input receptacle, obtaining a document image of at least a portion of at least
one side of each of the plurality of documents, extracting information from the document
image, transporting éach of the plurality of documents one at a time from the input receptacle
to an output receptacle, storing the information extracted from the document image, and

automatically correcting errors in the information extracted from the document image.
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[00342] Alternative Embodiment BZ

[00343]) A computer-readable medium is encoded with instructions for processing a
plurality of documents in a docuhent processing system. The instructions include extracting
information from a document image obtained from at least a portion of one side of each of
the plurality of documents, controlling a transport mechanism that transports each of the
plurality of documents one at a time along a transport path from an input receptacle to an
output receptacle, controlling an image scanner located along the transport path between the
input receptacle and the output receptacle where the image scanner is configured to obtain the
document image, identifying suspect documents by comparing the information extracted
from the document image with master information identifying at least one of counterfeit and
forged documents, and searching the extracted information for character data obtained from a
predetermined field of the document image. |

[00344] Alternative Embodiment CA

[00345]) A computer-readable medium is associated with a document processing
system. The computer-readable medium is encoded with instructions for processing a
plurality of currency notes. The instructions include extracting information from at least a
partial image of at least one side of each of the plurality of currency notes, controlling a
transport mechanism and an image scanner where the transport mechanism transports each of
the plurality of currency notes one at a time from an input receptacle to an output receptacle
and the image scanner is used to obtain the currency note image, and denominating the
plurality of currency notes using the at least paﬁial image.

[00346] Alternative Embodiment CB

[00347) A computer-readvable medium is associated with a document processing
system. The computer'-readable ‘medium is encoded with instructions for pfocessing a
plurality of documents. The instructions include extracting information from a document
image obtained from at least a portion of at least one side of each of the plurality of
documents, controlling a transport mechanism that transports each of the plurality' of -
documents one at a time aldng a transport path from an input receptacle to an output
receptacle, controlling an image scanner located along the transport path between the input

receptacle and the output receptacle where the image scanner is configured to obtain the
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document image, and automatically correcting errors identified in the information extracted

from the document image.
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WHAT IS CLAIMED IS:

1. A document processing device comprising:

an input receptacle configured to receive a plurality of documents;

an image scanner configured to obtain a document image of at least a portion of
one side of each of said plurality of documents, said scanner further being configured to
extract information from said document image;

a transport mechanism configured to transport each of said plurality of documents
one at a time from said input receptacle passed said image scanner and to an output
receptacle; .

a controller coupled to said transport mechanism and to said image scanner, said
controller configured to at least partially control said transport mechanism and said
image scanner, | |

a memory coupled to at least one of said controller and said image scanner, said
memory being configured to store at least one of information extracted from said
document image and master information identifying at least one of counterfeit and
forged documents; and

a processor coupled to said memory, said processor configured to compare said
information extracted from said document image with master information stored in said
memory, said master information for identifying at least 6ne of counterfeit and forged
documents, said processor further being configured to identify at least one of a suspected
counterfeit and forged document based on said comparison operation;

wherein said document processing device continuously transports documents
during said comparison and identification operations, and wherein said information
extracted from said document image at least partially contains character information
obtained from a predetérmined field of said document image, said processor containing a
search routine configured to search said character information.

2. The device of claim 1, wherein said input receptacle is a single receptacle
configured to receive intermingled currency bills and checks.

3. The device of claim 2, wherein said input receptacle is configured to

receive currency bills and checks intermingled in a single stack of documents, said input
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receptacle further being configured to transfer said currency bills into said transport
mechanism in a direction perpendicular to a wider edge of said currency bill and to
transfer said checks into said transport mechanism perpendicular to at least one of a
wider edge and a narrower edge of said check.

4.  The device of claim 1, wherein said image scanner has a depth of field of
approximately 0.060 inches.

5. The device of claim 1, wherein said image scanner is capable of
simultaneoAusly scanning a front side and a back side of said documents.

6. The device of claim 1, wherein said transport mechanism is configured to
transport said documents at a rate varying between 0 and 100 inches per second.

7. The device of claim 6, wherein a luminance control technique is initiated
for said image scanner when said transport mechanism is transporting documents at a
non-constant rate.

8. The device of claim 6, wherein an image processing technique is initiated
for said image scanner when said transport mechanism is transporting documents at a
non-constant rate.

9. The device of claim 1, wherein said transport mechanism is configured to
transport said documents at a rate of up to 1,000 documents per minute.

10.  The device of claim 9, wherein said transport mechanism is furtherv
configured to transport intermingled currency bills and checks, said currency bills and
said checks being transported in a directvion perpendicular to said wider edge of said
currency bills and said checks.

11. The device of claim 1, further comprising an evaluation unit configured to
determine currency denomination using information extracted from a predetermined field
of said document image.

12. The 'device of claim 1, wherein said image scanner is further configured to
locate a field in said document image and further configured to extract characters from
said field as information to be associated with said document.

13. The device of claim 1, wherein at least one of said image scanner and said
processor contains a correction routine configured to adjust an error in extracted

information from said document image.
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14.  The device of claim 13, wherein said correction routine allows adjustment
of said error by manual input into an input device.

15.  The device of claim 13, wherein said processor operates remotely from
said image scanner. A

16. The device of claim 13, wherein said correction routine allows for
adjustment of said error automatically. |

17. The device of claim 16, wherein said automatic adjustment of said error
occurs after said device finishes transporting said plurality of documents, said correction
routine being capable of using additional algorithms.

18.  The device of claim 12, wherein said image scanner employs optical
character recognition to extract characters from a field and wherein at least one of said
image scanner and said processor contains a correction routine configured to adjust an
error in optically-recognized extracted characters, wherein said correction routine
comprises an image enhancement routine configured to process a document image
followed by an extraction of characters from said document image.

19. The device of claim 1, wherein said character information extracted from
said documents includes serial numbers and said search routine is configured to search
for partial serial numbers.

20. A document processing method comprising:

_ receiving a plurality of documents in an input receptacle;

obtaining a document image of at least a portion of one side of each of said
plurality of documents;

extracting information from said document image;

transporting each of said plurality of documents one at a time from said input
receptacle to an output receptacle;

storing at least one of information extracted from said document image and
master information identifying at least one of counterfeit and forged documents;

identifying suspect documents by comparing said information extracted from said
document image with said master information identifying at least one of counterfeit and

forged documents; and
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searching said information extracted from said document image for character data
extracted from a predetermined field of said document image.

21. A computer-readable medium encoded with instructions for processing a
plurality of documents in a document processing system, said instructions comprising:

extracting information from a document image obtained from at least a portion of
one side of each of said plurality of documents;

controlling a transport mechanism that transports each of said plurality of
documents one at a time along a transport path from an input recéptacle to an output
receptacle;

controlling an image scanner located along said transport path between said input
receptacle and said output receptacle, said image scanner configured to obtain said
document image;

identifying suspect documents by comparing said information extracted from said

document image with master information identifying at least one of counterfeit and.

-forged documents; and

searching said extracted information for character data obtained from a

predetermined field of said document irriage.
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