IN THE UNITED STATES DISTRICT CHftPRT o "
R

FOR THE EASTERN DISTRICT OF WISCONSIN * =&
MILWAUKEE DIVISION
0?@ SEP -9 P4 13
CUMMINS-ALLISON CORP., ) Q - Q -
) b ,8 865
Plaintiff, ) Civil Agtidh Noj ANF ILIPPO
) CLERK
)
V. )
)
DATA FINANCIAL BUSINESS SERVICES, )
INC., DATA FINANCIAL, INC., and )
AMRO-ASIAN TRADE, INC. ) Jury Trial Demanded
)
)
Defendants. )

PLAINTIFF CUMMINS-ALLISON CORPORATION’S
COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Cummins-Allison Corp. (“Cummins”) for its Complaint against Defendants Data
Financial Business Services, Inc., Data Financial, Inc., and Amro-Asian Trade, Inc., alleges as
follows:

1. This is a patent infringement action to stop Data Financial Business Services,
Inc.’s, Data Financial, Inc.’s, and Amro-Asian Trade, Inc.’s unauthorized and infringing sale,
offers to sell, use and importation of products incorporating Cummins’ patented United States
currency denominating and counting inventions. Cummins is a leader in the design and
manufacture of devices and methods denominating and counting currency bills of different
denominations. Cummins seeks injunctive relief to stop Data Financial Business Services, Inc.,
Data Financial, Inc., and Amro-Asian Trade, Inc. from continuing to infringe Cummins’ valuable
patent rights, as well as monetary damages.

2. Plaintiff Cummins is a corporation existing and organized under the laws of
Indiana and has its principal place of business at 891 Feehanville Drive, Mt. Prospect, Illinois

60056.
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3. Defendant Data Financial Business Services, Inc. is a corporation existing and
organized under the laws of Wisconsin and has its principal place of business at 1100 Glenn
Oaks Lane, Mequon, Wisconsin 53092. Defendant Data Financial, Inc. is also a corporation
existing and organized under the laws of Wisconsin and has its principal place of business at
1100 Glenn Oaks Lane, Mequon, Wisconsin 53092; Data Financial, Inc. is the successor in
interest to Data Financial Business Services, Inc.

4. Amro-Asian Trade, Inc. is a corporation organized and existing under the laws of
Hawaii with its principal place of business at 1136 Union Plaza Building, Honolulu, Hawaii
96813.

5. This action for patent infringement arises under the Patent Laws of the United
States, in particular 35 U.S.C. §§271, 281, 283, 284, and 285. This court has jurisdiction over
the subject matter of this action under 28 U.S.C. §1338(a).

6. This Court has personal jurisdiction over Data Financial Business Services, Inc.,
Data Financial, Inc. and Amro-Asian Trade, Inc. and venue is proper in this Court pursuant to 28
U.S.C. §§1391 and 1400.

7. This case involves technology used to rapidly and automatically denominate and
count stacks of United States currency bills. Cummins’ patented technology is used by many
banks and stores to process the currency they handle. Cummins has invested millions of dollars
in developing the technology covered by its patents.

8. Cummins owns a number of patents relating to currency denomination and
counting. One of these patents is United States Patent No. 5,692,067 entitled “Method and
Apparatus for Currency Discrimination and Counting” (hereinafter “the ‘067 patent”), which was

duly and legally issued on November 25, 1997. Cummins is the owner of all rights to the ‘067
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patent, and of all rights to sue and recover for infringement thereof. A copy of the ‘067 patent is
attached as Exhibit A.

9. Data Financial Business Services, Inc., Data Financial, Inc. and Amro-Asian
Trade, Inc. sell United States currency denominating and counting devices, designated:
alternatively as “Amrotec D-100 Mixed Value Counter USD,” “Amrotec®D-100 Currency
Discriminator” and “Amrotec D-100 Currency Discriminating Counter.”

10. Through their actions, including offering to sell, selling, using and importing the
devices designated alternatively as the “Amrotec D-100 Mixed Value Counter USD,”
“Amrotec®D-100 Currency Discriminator” and “Amrotec D-100 Currency Discriminating
Counter,” Data Financial Business Services, Inc., Data Financial, Inc. and Amro-Asian Trade,
Inc. have infringed the claims of the ‘067 patent and/or have contributed to the infringement
and/or actively induced others to infringe the claims of the ‘067 patent in the United States,
including within the jurisdiction of this Court.

11.  Cummins has been harmed and is likely to be irreparably harmed by Data
Financial Business Services, Inc.’s, Data Financial, Inc.’s, and Amro-Asian Trade Inc.’s
aforementioned infringement of the ‘067 patent. Cummins has no adequate remedy at law.

WHEREFORE, CUMMINS prays for judgment that:

A. The claims of United States Patent No. 5,692,067 have been infringed by Data
Financial Business Services, Inc., Data Financial, Inc. and Amro-Asian Trade, Inc.;

B. Data Financial Business Services, Inc., Data Financial, Inc. and Amro-Asian
Trade, Inc., their officers, agents, servants, and employees, and those persons in active concert
and participation with any of them, be preliminarily and permanently enjoined from the

infringement of the claims of United States Patent No. 5,692,067,
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C. Cummins be awarded damages sufficient to compensate for Data Financial
Business Services, Inc.’s, Data Financial, Inc.’s, and Amro-Asian Trade, Inc.’s infringement, that
such damages be increased to three times the amount found or assessed pursuant to 35 U.S.C.

§284, and that such damages be awarded to Cummins with prejudgment interest:

D. Cummins be awarded attorney fees, costs and expenses in this action; and
E. Cummins be awarded such other and further relief as the Court may deem just.
JURY DEMAND

Cummins hereby demands a trial by jury on all issues so triable.

Dated this 9™ day of September, 2009.

KATHRYN A. KEPPEL

State Bar No. 1005149

Email: kkeppel@grgblaw.com
Attorneys for Plaintiff
Two Plaza East, Suite 1170
330 East Kilbourn Avenue
Milwaukee, Wisconsin 53202
Telephone: (414)271-1440

Stephen G. Rudisill
NIXON PEABODY LLP
300 S. Riverside Plaza
16" Floor

Chicago, IL. 60606

(312) 425-3900

(312) 425-3909 (fax)

civeumminspc/p/complaintredline2009-09-08
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[54] METHQOD AND APPARATUS FOR OTHER PUBLICATIONS
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METHOD AND APPARATUS FOR
CURRENCY DISCRIMINATION AND
COUNTING

This application is a continuation of application Ser. No.
08127334, filed on Sep. 27, 1993, now issued as U.S. Pat.
No. 5,467,405, catitled *“Method Apparatus For Currency
Discriraination And Counting.” which is a continuation of
application Ser. No. 07/885.648, filed May 19, 1992 and
pow issued as U.S. Pat. No. 5.295.196, which in turn is a
continuation-in-part of application Ser. No. 07/475,111. filed
Feb. 5. 1990, and now abandoacd.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates, in gemeral, to currency
identification. The inveation relates more particularly to a
method and apparatus for automatic discrimination and
counting of currency bills of different denominations using
light reflectivity characteristics of indicla printed upon the
currency bills.

2. Description of the Related Art

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

Cumrency discrimination systems typically employ cither
magnetic seosing or optical scaszing for discriminating
between different currency denominations. Magnetic sens-
ing is based on detecting the presence or absence of mag-
netic ink in portions of the printed indicia on the curency by
using magnetic sensors, usually ferrite core-based sensars,
and using the detected magnetic signals, after undergoing
analogord:g;talproccsmg,asthebmfacmncy
discrimination. The mare commonly used optical sensing
technique, on the other hand, is based on detecting and
analyzing variations in light reflectance or transmissivity
characteristics occutring when a currency bill is illuminated
and scanned by a strip of focused light. The subsequent
currency discrimination is based on the comparison of
sensed optical characteristics with prestared parameters for
different currency denomibations, while accounting for
adequate tolerances reflecting differences among individual
bills of & given denomination.

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

Most of the optical scagning system available today
utilize complex algocithms for obtaining a large nusmber of
reficctance data samples as a currency bill is scanned by an
optical scanhead and for subsequently comparing the data to
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comresponding stored paramcters to ideatify the bill denomi-
nation. Conventional systems require a relatively large aum-
ber optical samples per bill scan in order to sufficienty
discriminate between denominations. particularly
those denominations for which the reflectance patterns arc
not maskedly distinguishable. The use of the large numbex of
data samples siows down the rate at which incoming bills
my be scanned and, more importantly, requires & come-
spondingly loager period of time to process the data in
sccordance with the discrimination algarithm.

A major problern associated with conventional systcms is
that, in order to obtain the required large number of reflec-
tance samples required for accurate currency discriminatios,
such systems are restricted to scanning bills along the longer
dimension of currency bills. Lengthwise scanning. in tum.
has scveral inherent drawbacks including the need for an
extended transport path for relaying the bill lengthwise
across the scanhcad and the added mechanical complexity
involved in accommodating the extended path as well as the
associated means for ensuring uniform, non-overlapping
registration of bills with the sensing surface of the scanhead.

The end result is that systems capable of accurate cur-
rency discrimination are costly. mechanically bulkcy and
complex. and generally incapable of both currency discrimi-
nation and counting at high speeds with a high degree of
acouracy.

SUMMARY OF THE INVENTION

1t is a principal object of the present inveation to provide
an jmproved method and apparamis for idemtifying and
counting currency bills comprising 2 plurality of cumrency
denominations.

It is another object of this invention to provide an
improved method and apparatus of the above kind which is
capable of efficiently discrimating among and counting bills
of several currency denominations at a high speed and with
a high degree of accuracy.

Arclated object of the present invention is to provide such

an improved cumrcacy- discrimination-and-cousnting appara-
tus which is compact, economical. and has uilcoraplicated
construction and operation.

Briefly. in accordance with the present invention, the
objectives epumerated above are achieved by means of an
improved optical sensing and correlation technique adopted
to both counting and denomination discrimination of cur-
rency bills. The technique is based on the optical scasing of
bill reflectance characteristics obtained by illuminating and
scanning a bill along its narrow dimension, approximately
about the central section of the bill. Light refiected from the
bill as it is optically scanned is detected and used as an
analog repeesentation of the variation in the dark and light
content of the printed pattern or indicia on the bill surface.

A series of such detected reflectanoe signals arc obtained
by sampling and digitally processing, under microprocessor
control, the reflected light at a plurality of predefined sample
points as the bill is moved across the lluminated strip with
its narrow dimension parallel to the direction of transport of
the bill. Accordingly, a fixed pumber of reflectance samples
is obtained across the narrow dimeasion of the note. The
data samples obtained for a bill scan are subjected to digital
processing, including a normalizing process to deaccentuate
varigtions due to “contrast™ fluctuations in the printed pat-
tern or indicia cxisting on the surface of the bill being
scanned. The normalized reflectance data represent a char-
acteristic pattern that is fairly unique for s given bill denomi-
pation and incorporates sufficient distinguishing features
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between characteristic patterns for differest currency
depominations so as to accurately differcntiate therebe-
tweea.

By using the above approach, a serics of master charac-
teristic patterns are generated and stored usiag standard bills
for each denomination of currency that is to be detected. The
“standard™ bills uscd to gencrate the master characteristic
pattunsmp‘dmblybﬂlsﬂutareshghﬂyusedbms
According to & preferred embodiment, two characteristic
patterns are geperated and stored within system memory for
each detectable currency denomination. The stored patterns
correspond, respectively, to optical scans performed on the
green surface of a bill along “forward™ and “reverse™ dirce-
tions relative to the pattern printed on the bill For bills
which produce significant pattern changes when shifted
slightly to the left or right, such as the $10 bill in U.S.
cmncy.itlsycfaredwmtwopamfauchofmc
“forward” and “reverse™ directions. cach pair of patterns for
the same direction two scan arcas that are slightly
displaced from each other along the long dimension of the
bill. Preferably, the cuxrency discrimination and counting
method and apparatus of this invention is adapted 1o identify
seven (7) different denominations of U.S. currency, i.c., §1,
$2. $5. 510, $20. $50 and $100. Accardingly, a master set of
16 different characteristic patterns is stored within the sys-
tem memory for subsequent carrelation purposes (four pat-
tern for the $10 bill and two pattermns for cach of the other
denominations.

According to the carrelation technique of this invention,
the pattern generated by scanning a bill under test and
peocessing the sampled data is compared with each of the 16
prestored  characteristic patterns to gemerate, for each
comparison, a corclation number representing the extent of
similarity between corresponding ones of the plurality of
data samples for the compared patterns. Denomination iden-
tification is based on designating the scanned bill as belong-
ing to the denomination corresponding to the stored char-
acteristic pattern for which the correlation number resulting
froim pattern comparison is determined to be the highest. The
possibility of a scanned bill having its denomination mis-

~characterized following the comparison of characteristic
patterns, is significantly reduced by defining a bi-level
threshold of correlation that must be satisficd for a “posi-
tive” call to be made.

In essence, the preseat invention provides an improved
optical sensing and comrelation technique for positively
identifying any of a plurality of different bill denominations
regardless of whether the bill is scanned along the “forward™
o “reverse” directions. The invention is particularly adapted
to be implemeated with a system programmed to track each
identified currency denomination so as to conveniently
present the aggregate total of bills that have been identified
at the end of a scan run. Also in accordance with this
invendon, curreacy detecting and counting apparatus is
disclosed which is particularly adapted for use with the
novel scasing and correlation technique summarized above.
The apparatus incorporates an abbreviated curved transport
path for acoepting currency billing that are to be counted and

ing the bills about their narrow dimension across a
scanhead located downstream of the curved path and onto a
conventional stacking station where sensed and counted bills
are collected. The scanhead operates in conjusction with an
optical encoder which is adapted to initiate the capture of a
predefined pumber of reflectance data sampies whea a bill
(and. thus, the indicia or pattern printed thereupon) moves
across a coherent strip of light focused downwardly of the
scanhcad.
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The scanhcad uses a pair of hgh!-emtting diodes
(“LED™'s) to focus a coherent light strip of predefined
dimensions and having a normalized distribution of light
intensity scross the illuminated area. The LED's arc angu-
larly disposed and focus the desired strip of light outo the
narrow dimension of a bill positioned flat across the scan-
ning surface of the scachead. A photo detector detects light
reflected from the bill. The photo detector is contralied by
the optical encoder to obrain the desired refiectance samples.

Initiation of sampling is based upon detection of the
change in reflectance value that occurs whea the outer
border of the printed pattern on a bill is encountered relative
to the refiectance value obtained at the edge of the bill where
no printed exists. According to a preferred embodi-
ment of this invention. illuminated strips of at least two
different dimensions are used for the scanaing process. A
narrow strip is used initially to detect the starting point of the
printed pattern on a bill and {s adapted to distinguish the thin
borderline that typically marks the starting point of and
encloses the printed patiern on a bill For the rest of the
narrow dimension scanaing following detection of the bor-
der line of the printed paticrn, a substantially wider strip of
light is used to collect the predefined number of samples for
a bill scan the generation and storage of characteristic
patterns using standard potes and the subsequent comparison
and correlation procedure for classifying the scanned bill as
belonging to onc of several predefined curency denomina-
tions is based on the above-described sensing and correla-
tion technique.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention will
become apparent upon rcading the following detailed
description in conjunction with the drawings ia which:

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

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

FIG. 1B is a perspective vicw of a bill and the prefered
area to be scauned on the bill;

FIG. 1C is a diagrammatic side elevation of the scan arcas
iltustrated in FIG. 1A, to show the overlapping reiationship
of those arcas;

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

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

FIGS. 9A-C are graphical illustrations of represeatative
characteristic patterns generated by parow dimension opti-
cal scanning of a currency bill;

FIGS. 10A-E arc graphical illustrations of the effect
produced on correlation pattern by using the progressive
shifting technique, according to an embodiment of this
invention;

FIG. 11 is 8 perspective view showing currency discrimi-
nation and counting apparatus particularly adapted to and
embodying the optical sensing and correlation technique of
this invention;

FIG. 12 is a partial perspective view fllustrating the
mechanism used for scparating curency bills and injecting
them in a sequential fashion into the transport path;
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FIG. 13 is a side view of the apparatus of FIG, 11
illustrating the separation mechanism and the transport path;

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

FIG. 1§ is & top view of the currency discriminating apd
counting apparatus shown in FIGS. 11-14;

FIG. 16 is an cxploded top perspective view of the optical
scanhcad used in the system of FIGS. 1-1S;

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

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

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

FIG. 20 is a diagrammatic illustration of the location of
two auxiliary photo semsors relative to a bill passed there-
over by the traaspart mechanism shown in FIGS. 11~15; and

FIGS. 21-24 are flow charts illustrating the sequence of
operations involved in various enhancements to the operat-
ing program for the basic optical scasing and camrclation
process.

‘While the invention is susccptiblc to various modifica-
tions aad alternative forms, specific embodiments thercof
have been shown by way of example in the drawings and
will hercin be described in detail. Bt should be understood,
however, that it is ot intended to limit the inveation to the
particular farms disclosed, but on the contrary, the intention
is to cover all modifications, cquivalents, and alternatives
failing within the spirit and scope of the invention as defined
by the appended claims.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referting now to FIG. 1. there is shown a functional block
diagram illustrating the optical sensing and correlation sys-
tema according to this invention. The system 10 includes a
bill accepting station 12 whete stacks of cumrency bills that
need to be ideptified and counted are positioned. Accepted
bills are acted upon by s bill scparating station 14 which
functions to pick out or separate onc bill at a time for being
sequentially relsyed by a bill transport mechanism 16,
according to a precisely predetermined transport path, across
an optical scanhead 18 wherc the curvency denomination of
the bill is scanned, identificd and counted at a rate in excess
of 800 bills per minute. The scanned bill is then transported
to a bill stacking station 20 where bills so processed arc
stacked for subsequent rcmoval.

The optical scanhead 18 compriscs at least one light
source 22 directing a beam of coherent light downwardly
onto the bill transport path 50 as to illuminate a substantiaily
rectangular light strip 24 upon a currency bill 17 positioned
on the transport path below the scanhead 18. Light reflected
off the luminated strip 24 is sensed by a photodetector 26
positioned dircctly below the strip, The analog output of
photodctector 26 is converted Into a digital signal by means
of an analog-to-digital (ADC) convertor unit 28 whose
output is fed as a digital input to a central processing unit
(CPU) 30.

to a feature of this invention, the bill transport
path is defined ia such a way that the transport mechanism
16 moves currency bills with the narrow dimension “W* of
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the bills being parallel to the transport path and the scan
direction, Thus, as a bill 17 moves on the transport path on
the scaphead 18, the coherent light strip 24 effectively scans
the bill across the nurow dimession “W™ of the bill
Preferably, the transpart path s so arranged that a currency
billﬂisscannedapponmaelyabommccemdmnof
the bill along its narrow dimension, as best shown in FIG. 1.
The scanhead 18 functions to detect light refiected from the
bill as it moves across the illuminated light strip 24 and to
provide an analog representation of the variation in light so
refiected which, in turn, represents the variation in the dark
and light content of the printed pattern or indicia on the
surface of the bill. This vartiation in light refiected from the
narrow dimension scanning of the bills serves as a measure
for distinguishing, with a high degree of confidence, among
a plurality of currency denominations which the system of
this invention is programmed to handle.

A series of such detected reflectance signals are obtzined
across the narrow dimension of the bill. or across a sclected
segment thescof, and the resulting analog signals are digi-
tized under control of the CPU 30 to yicld a fixed number of
digital reflectance data samples. The data samples are then
subjected to a8 digitizing process which includes a normal-
izing routine for processing the sampled data for improved
cotrelation and for smoothing out variations due to “con-
trast” fluctuations in the printed pattern existing on the bill
surface. The normalized reflectance data so digitized repre-
sents a characteristic patiern that is faitly unique for a given
bill depomination and provides sufficient distinguishing
features between characteristic patteras for different cur-
rency denominations, as will be explained in detail below.

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

‘The output of photodetector 26 is monitared by the CPU
36 to initially detect the presence of the bifl underneath the
scanhead and. subsequently, to detect the starting point of
the printed on the bill. as represented by the thin
borderline 37B which typically encloses the printed indicia
on currency bills. Once the borderline 17B has been
detected, the optical cacoder is used to control the timing
and npmber of refiectance samples that are obtained from
the oulput of the 26 as the bill 17 moves
across the scanhcad 18 and is scanned along ils narrow
dimension.

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

The use of the optical encoder for controlling the sam-
pling process relative to the physical movement of a bill
across the scanhcad is also advantageous in that the cncoder
can be used to provide a predetermined delay following
detection of the borderline prior to initiation of samples, The
encoder delay can be adjusted in such a way that the bill is
scanned only across those segments along its narrow dimen-
sion which contain the most distinguishable printed indicia
relative to the different curency denominations,

In the case of U.S. cumency, for instance, it has been
determined that the central, approximately two-inch portion
of curreacy bills, as scanned across the central section of the
narrow dimension of the bill, provides sufficient data for
distinguishing among the various U.S. currency denomina-
tions on the basis of the carrclation technique used in this
inveatiog. Accardingly, the opiical encoder can be used to
coptrol the scanning process so that refiectance samples are
taken for a set period of time and only after a certain period
of time has clapsed since the borderline has been detected,
theredy restricting the scanning to the desired central portion
of the narow dimension of the bill.

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

As illustrated in FIGS. 1A and 1C, it is prefemed that the
sampling intervals be selected so that the strips s that-are
flluminated for successive samples overfap one another. The
odd-numbered and cven-numbered sample strips have been
scparated in FIGS. 1A and 1C to more clearly illustrate this
overlap. For example, the first and second strips s1 and 52
averlap each other, the second and third strips s2 and 53
averlap cach other, and so on. Bach adjacent pair of strips
overlap each other. In the illustrative example, this is accom-
plished by sampling strips that are 0.050 inch wide at 0.029
inch intervals, along a segment S that is 1.83 inch long (64
samples).

The optical sensing and comrclation technique is based
upon using the above process to generate a series of master
characteristic pattern using standard bills for cach denomi-
nation of cumreacy that is to be detected. According to a
preferred embodiment, two or four characteristic pattern arc
generated and stared within system memary, preferably in
the form of an EFPFROM 34 (se¢ FIG. 1), for each detectadble
currency, depomination. The characteristic pattern for each
bill are generated from optical scans. performed oo the green
surface of the bill and taken along both the “forward™ and
*yeverse” directions relative to the pattern printed on the bill.

In adapting this technique to U.S. cwrreacy, for example,
characteristic pattern are generated and stared for seven
different denomipations of U.S. curmrency, i.e., $1, §2, $S.
$10, $20, $50 and $100. As explained previously, four
characteristic pattern are generated for the $10 bill, and two
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characteristic pattern are generated for cach of the other
depominations. Accordingly, a master set of 16 different
characteristic pattern is stored within the systera memory for
su correlation purposes. Oncctbemswdnno-
teristic pattern have been stored, the paitern generated by
scanning a bill under test is compared by the CPU 30 with
each of the 16 pre-stored master charscteristic patierns to
geocrate, for cach comparison, a correlation number repre-
septing the extent of comelation, i.c., similasity between
corresponding ones of the plurality of data samples, for the
patterns being compared.

The CPU 30 is programumed to identify the depomination
of the scanned bill as cocresponding to the stared charac-
texistic pattern for which the comrelation pumber resulting
from pattern comparison is found to be the highest In arder
10 preclude the possibility of mischavacterizing the denomi-
nation of a scanned biil, as well as to reduce the possibility
of spurious notes being identified as belonging to & valid
depomination, a bi-Jevel threshold of correlation is used as
the basis for making a “positive™ call, as will be explained
in detail below.

Using the above sensing and comelation approach, the
CPU M is programmed to count the number of bills belong-
ing to & particular currency denomination as part of a given
sct of bills that have been scanned for a given scan batch,
and to determine the aggregate total of the currency mount
represented by the bills scanned during a scan batch. The
CPU 38 is also linked to an output unit 36 which is adapted
to provide a display of the number of bills cousied, the
breakdown of the bi-level in terms of currency
depomination, and the aggregate total of the currency value
repeesented by counted bills. The outpat unit 36 can also be
adapted to provide a print-out of the displayed information
in a desired format.

Referring now to FIG. 2, there is shown a representation,
inblock diagram form. of a preferred circuit arrangement for
processing and correlating reflectance data according to the
systcm of this invention. As shown therein, the CPU 30
accepts and processes a variety of input signals including
those from optical cncoder 32, the photodetector 26 and a
meraory unit 38, which can be an erasable programmable
read only memory (EPROM). The memory trait 38 has
stored within it the carrelation program on the basis of which
patterns arc generated and test patterns with
stored master programs in order to identify the denomination
of test currency. A crystal 4 serves as the time base for the
CPU 30, which is also provided with an external refarcnce
voltage V p- 0n the basis of which peak detection of seased
reflectance data is performed, as explained in detail below.

The CPU 30 also accepts a timer reset signal from a reset
unit 44 which, as shown in FIG. 2A, accepts the outpmt
voltage from the 26 and compares it, by
mcans of a threshold dotector 44A. relative to a pre-set
voltage threshold, typically 5.0 volts, to provide a reset
signal which goes “high” when a reflectance value corre-
sponding to the presence of paper is seased. More
specifically, reflectance sampling is based on the premise
that no portion of the illuminated light strip (24 in FIG. 1)
is reflected to the photodetector in the abscnce of a bilt
positioned below the scanhcad. Under these conditions, the
output of the photodetector represents a “dark” or “zero”
level reading, The photodetector output changes to a “white”™
reading, typically sct to have a value of about 5.0 volts, when
the edge of a bill first becomes positioned below the scan-
head and falls under the light strip 24. When this oceurs, the
reset unit 44 provides a “high™ signal to the CPU 30 and
marks the initiation of the scanning procedure.
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In acoordance with a feature of this invention, the
machine-direction dimension of the illuminated strip of light
produced by the light sources within the scanhead is set to
be relatively small for the initial stage of the scan when the
thin borderline is being detected. The use of the samow slit
increases the sensitivity with which the reflected light is
detected and allows minute variations in the “gray” level
reflected off the bill surface to be sensed. This is important
in ensuring that the thin bordexiine of the pattern, i.c., the

starting polnt of the printed pattern on the bill, is accurately
detected. Once the borderline has been detected, subsequent
reflectance sampling is performed on the basis of s relatively
wider light strip in order to completely scan across the
parrow dimeasion of the bill and obtain the desired number
of samples, at a rapid rate. The usc of a wider slit for the
actual sampling also smooths out the output characteristics
of the photodetector and realizes the relatively large mag-
nitude of analog voltage which is esscatial for accurate
represeptation and processing of the detected reflectance
values.

Rewmrning to FIG. 2, the CPU 30 processes the output of
photodetector 25 through a peak detector 50 which essen-
tially functions to sample the photodetector output voltage
and hold the highest, ie., peak, voltage value encountered
after the detector has been cnabled. The peak detector is also
adapted to define a scaled voltage on the basis of which the
pattern barderdine on bills is detected. The output of the peak
detector 50 is fed to a voltage divider 54 which lowers the
peak voltage down to a scaled voltage V, representing a
predefined percentage of this peak value. The voltage V, is
bascd upon the peroentage drop in output voltage of the peak
detector as it reflects the transition from the “high” reflec-
tance value resulting from the scanning of the unprinted
edge portions of a currescy bill to the relatively lower “gray”
refiectance value resulting when the thin borderline is
cacountered. Preferably, the scaled voltage V, is set to be
about 70-80 percent of the peak voltage.

‘The scaled voltage V, is supplied 1o a line detector 56
which is also provided with the incoming instantancous
-output of the photodetector 26. The linc detector 56 com-
Ppares the two voltages at its input side and-generates a signal
Lpgy Which normally stays “low” and goes “high” when the
edge of the bill is scanned. The signal L,,x-goes “low” when
the incoming photodetector output reaches the pre-defined
percentage of the peak photodetector output up to that point,
as represented by the voltage V,. Thus, when the signal Ly
goes “low™, it is an indication that the borderline of the bill
pattern has been detected. At this point, the CPU 30 initiates
the actual reflectance sampling under control of the encoder
32 (see FIG. 2) and the desired fixed number of reflectance
samples are obtained as the aurency bill moves across the
illuminated light strip and is scanned along the central
section of its sarrow dimension.

When master characteristic patterns arc being generated,
the reflectance samples resulting from the scanning of a
standard bill are loaded into corresponding designated sec-
tions within 8 system memory €4, which is preferably an
EPROM. The loading of saruples is accomplished through 8
buffered address latch 58, if oocessary, Preferably, master
patterns are gencrated by scanning a standard bill a pharality
of times, typically three (3) times, and obtaining the average
of comrespouding data samples before storing the average as
representing a master pattern During currency
discrimipation, the refiectance values resulting from the
scanning of a test bill are sequentially compared, under
contro! of the correlation program stored within the memory
unit 38, with each of the comesponding characteristic pat-
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terns stored within the FPROM 60, again through the
address latch 58,

Referring now to FIGS. 3-7. there are shown fow charts
illustrating the sequence of operations involved in imple-
menting the ahove-described optical sensing and comrelation
technique of this invention. FIG, 3, in particular, illustrates
the sequence involved in detecting the presence of a bill
trades the scanhead and the bordeddine on the bill, This
section of the system program; designated as *“TRIGGER™,
is initisted at step 70. At step 71 & determination is made as
to whether or not a start-of-note interrupt, which signifies
that the system is ready to scarch for the presence of a bill,
is set. i.¢.. has occurred. If the answer at step 71 is formal to
be positive, step 72 is reached where the presence of the bill
adjacent the scan head is ascertained on the basis of the reset
procedure described above in connection with the reset unit
44 of FIG. 2,

If the answer at step 72 is found to be positive, .., a bill
is found to be present, step 73 is reached where a test is
performed to see if the bordesline has been detected on the
basis of the reduction in peak valuc to a predefined percent-
age thereof, which, as described above, is indicated by the
signal Lzr going “low.” If the answer at step 73 is found
to be negative, the program continues m loop until the
borderdine bas been detected. If the answer at step 72 is
found to be negative, Le., no bill is found to be present, the
start-of-note intexrupt is reset at step 74 and the program
returps from interzupt at step 75.

If the borderline is found to have been detected at step 73.
step 76 is accessed where an A/D completion interrupt is
cnabled, thereby signifying that the analog-to-digital con-
version can subsequently be performed at desired time
intervals. Next, at step 77, the time when the first reflectance
sample is to be obtained is defined, in conjuaction with the
output of the optical encoder. At step 78 the capture and
digitization of the detected reflectance samples is undertaken
by recalling a soutine designated as “STARTA2D™ which
will be described in detail below. At the completion of the
digitization process, an cnd-of-note interrupt must occur,
which resets the system for sensipg the presence of the
foliowing bill to be scanned. which is enabled at step 79.
Subsequently, at step 80 the program retrains from isterrupt.

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

Referring now to FIGS, 4A and 4B there are shown.
respoctively. routines for starting the STARTA2D routine
and the digitizing routine itself. In FIG. 4A, the initiation of
the STARTA2D routinc at step 90 causes the sample pointer,
which provides an indication of the sample being obtained
and digitized at 2 given time, to be Initialized. Subsequently,
at step 91, the particular channel on which the analog-to-
digital conversion is to be performed is enabled The inter-
rupt authorizing the digitization of the first sample is enabled
at step 92 and the main program sccessed again at step 93.

FIG. 4B is a fiow chart illustrating the sequential proce-
dure fnvolved in the analog-to-digital conversion routine,
which is designated as “A2D". The routine is started at step
100, Next, the sample pointer is decremented at step 101 so
as to maintain all indication of the number of samples
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remaining to be obtained. At step 182, the digital data
cosresponding to the output of the photodetector for the
current sample is read. The data is converted to its finaf form
at step 163 and stored within a pre-defined memary segment
as Xy

Next. at step 185, a check is made to sec if the desired
fixed oumber of samples “N™ has been taken If the answer
is found to be negative, step 106 is accessed where the
interrupt auwthorizing the digitization of the succeeding
sample is enabied and the program returns from interrupt at
step 107 for completing the rost of the digitizing process.
Howevar, if the answer at step 105 is found to be positive,
ic., the desired number of samples have already been
obtained, a flag indicating the same is sct at stcp 188 and the
program seturns from intesrupt at step 109,

Referring now to FIG. §, there is shown the sequential
procedure involved., in exccuting the routine, designatod as
“EXEC", which performs the mathematical steps iavolved
in the cormrelation process, The routine is started at step 110,
At step 111, all interrupts are disabled while CPU initiation
occurs. At step 112, any constants associated with the
sampling process arc st and, at step 113, communications
protocols, if any, for exchange of processed data and asso-
ciated results, bad rates, interrupt masks, ctc. are defined.

At step 114, the reset unit indicating the presence of a bill
is reset for detecting the presence of the first bill to be
scannod. At step 118, the start-of-note interrupt is enabled to
put the system on the look out for the first incoming bill.
Subsequently, at step 116, all other related interrupts are also
enabled since. at this point. the initialization process has
been completed and the system is ready to begin scanning
bills. A check is made at step 117 to see if, in fact, all the
desired number of samples have becn obtained. If the answer
at step 117 is found to be negative the program loops until
a positive answer is obtained,

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

~format. More specifically, as a first step, the mean value
X for the set of digitized reflcctance samples (comparing “n”
samples) obtained for a bill scan run is first obtained as
below:

¥= m

.
S

Subsequently, a normalizing factor Sigma “038 is deter-
mined as being equivalent to the sum of the square of the
difference between each sample and the mean, as aormalized
by the total number n of samples. More specifically, the
pormalizing factor is calculated as below:
a 1X-X¢ 6]
&=

In the final step, cach reflectance sample is narmalized by
the difference between the sample and the above-
cvaluated mean value and dividing it by the squarc root of

ag=

the normalizing factor Sigma “c” as defined by the foliow-
ing cquation:
X-X @)
i

The result of using the above correlation equations is that.,
subsequent to the normalizing process, a relationship of
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comrelation exists between a test pattern and a master pattern
such that the aggregate sum of the products of comresponding
samples in & lest pattern and any master pattern, when
divided by the total number of samples, equals unity if the
patterns arc identical. Otherwise, a value less than unity is
obtained. Accordingly, the correlation number or factor
resulting from the comparison of normalized samples within
a test pattern to those of a stored master pattern provides a
clesr indication of the degree of similarity or correlation
between the (wo patterns.

According to a prefered embodiment of this invention,
the fixed pumber of reflectance samples which ave digitized
and normalized for a bill scan is selected to be 64. It has
experimentslly been found that the use of higher binary
orders of samples (such as 128, 256, etc.) does not provide
a correspondingly incressed discrimination efficiency rela-
tive to the increased processing time involved in implement-
ing the above-described correlation procedure. It has also
been found that the use of a binary order of samples lower
than 64, such as 32, produces & substantial drop in discrimi-
nation cfficiency.

The correlation factor can be represented conveniently in
binary terms for case of correlation, In a preferred
embodiment, for instance, the factor of uaity which results
when & hundred pereent correlation exists Is represented in
terms of the binary number 2%, which is equal to a decimal
value of 1024. Using the above procedure, the hormalized
samples within a test pattern are compared to cach of the 16
master characteristic patterns stored within the system
memory in order to determine the pasticular stored pattem to
which the test pattern corresponds most closely by identi-
fying the comparison which yields a comelation pumber
closest to 1024,

According to & feature of this invention. a bi-level thresh-
old of correlation is required to be satisfied before a par-
ticular call is made, for at least certain denominations of
bills. More specifically, the caorrelation procedure is adapted
to identify the two highest correlation numbers resulting
from the comparison of the test pattern to one of the stored
patterns. At that point, a minirum threshold of cogrelation
is required to be satisfied by these two-correlation numabers.
It has experimentally been found that a comrelation pumber
of about 850 serves as a good cut-off threshold above which
positive calls may be made with a high degree of confidence
and below which the designation of a test pattern as comre-
sponding to any of the stored patterns is uncertain. As a
second thresholding level, 8 minimum separation is pre-
scribed between the two highest cosrelation sumbers before
making a call. This ensures that a positive call is made only
when a test pattern docs not comespond, within a given
range of correlation, to more than onc stared master pattern.
Prefersbly, the minimum jon between corrclation
pumbers is set to be 150 when the highest correlation
number is between 800 and 850. When the highest comrela-
tion gumber is below 800, no call is made.

Returning now to FIG. 8, the comrelation procedure is
initiated at step 119 where a routine designated as “PRO-
CESS" is accessed. The procedure involved in exccuting this
routine is illustrated at FIG. 6A which shows the routine
starting at step 130. At step 131, the mean X is calculated on
the basis of Equation (1). At step 132 the sum of the squares
is calculated in accordance with Equation (2). At step 133,
the digitized values of the reflectance samples, as repre-
sented in integer farmat XIN, are convened to floating point
format XFLOAT for further processing. At step 134, a check
is made to see if all samples have been processed and if the
answer is found to be positive, the routine ends at step 135
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and the main program is accessed again, If the answer at step
134 is found to be ncgative, the routine returns to step 132
where the above calculations are repeated.

At the end of the routine PROCESS, the teturns
to the routinc EXEC at step 120 where the flag Indicating
that all digitized reflectance samples have been processed is
reset, Subsequently, at step 121, a routine designated as
“SIGCAL” is accessed, The procedure involved in execut-
ing this routine is illustrated at FIG. 6B which shows the
routine starting at step 149, At step 141, the square root of
the sum of the squarcs, as calculated by the routine
PROCESS, is calculated in accordance with Equation (2). At
step 142, the floating point values calculated by the routine
PROCESS arc normalized ip sccordance with Bquation (3)
using the calculated values at step 141. At step 143, a check
is made to sec if all digital samples have been processed. If
the answer at step 143 is found to be ncgative, the program
retums to step 142 and the conversion is continued untif all
samples have been processed. At that point, the answer at
step 143 is positive and the routine retuns to the main
program at step 144,

Returning to the flow chart of FIG. §, the next siep to be
executed is step 122 where a routine designated as “COR-
REL" s accessed. The procedure involved in exccuting this
routine is illustrated at FIG. 7 which shows the routine
starting at 150. At step 151, carrelation results are initialized
to zcro and, at step 152, the test pattern is compared to the
first one of the stored master patterns. At step 183, the first
call comresponding to the highest correlation number
obtained up to that point is determined. At step 154, the
seocond call coresponding to the second highest correlation
number obtained up to that point is determined. At step 155,
a check is made to sce if the test pattern has been compared
to all master patterns. If the answer is found to be negative,
the routine reverts to step 152 where the comparison pro-
cedure is reiterated. When all master patterns have becn
compared to the test pattern, step 155 yiclds a positive result
and the routine returns to the main program at step 156,

Returning again to FIG. 5. step 124 is accessed where a
routine designated as “SEROUT™ is initiated, The procedurc

“involved In executing the routihe SEROUT is illustrated-at-

FIG. 8 which shows the routine as starting at step 160, Step
161 determines whether the correlation number is greater
than 799, If the answer is negative, the comrelation number
is 100 Jow to identify the denomination of the bill with
certainty, and thus step 162 generates a “no call” code and
returns to the main program at step 163,

An affirmative answer at step 161 advances the system to
step 164. which determines whether the correlation number
is greater than 849, An affirmative answer at step 164
indicates that the coarrelation number is sufficiently high that
the denomination of the scaancd bill can be identified with
certainty without any further checking. Consequently, a
“denomination” codc identifying the denomination repre-
sented by the stored pattern resulting o the highest comre-
lation number is generated at step 165, and the system
returns to the main program at step 163,

A negative answer at step 164 indicates that the comrels-
tion number is between 800 and 850. It has been found that
comrelation numbers within this range are sufficicat to idep-
tify $1 and $5 bills, but not other denominations of bills,
Accordingly, 8 pegative responsc at step 164 advances the
system to step 166 which determines whether the difference
between the two highest correlation nmmbers is greater than
149, If the answer is affirmative, the depomination identified
by the highest comrelation aumber is acceptable, and thus the
“depomination” code is generated at step 165,
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If the difference between the two highest cosrelation
pumbers is less than 150, step 166 produces a megative
response which advances the system to step 167 to deter-
mine whether the highest conrelation gumber identified the
bill as either a $1-bill or a $5-bill. If the answer is
affimative, the highest correlation number is acceptable as
jdeatifying the bill deromination, and thus the “denomina-
tion" code is gencrated at step 165. A negative response at
step 167 indicates that the bill was not Idcntified as a $1-bill
or a $5-bill by the highest correlation number, the difference
between the two highest correlation numbers was less than
150, and the highest correlation number was less then 850.
This combination of condition indicates that a positive call
cannot be made with & high degree of confidence, and thus
the “po call” code is gencrated at step 162,

Onc problem cncouatered in qurTacy recogaition and
counting systems of the above-described kind is the diffi-
culty involved in interrupting (for a varicty of reasons) and
resuming the scanning and counting procedure as a stack of
bills is being scanned. If a pasticular cumrency recognition
unit (CRU) bas to be halted in operation due to a “major”
system error, such as a bill being jammed atong the transport
path, there is generally ao concern about the outstanding
transitional status of the overall recognition and couating
process. However, where the CRU has to be balted duc to &
“minor” errar, such as the identification of a scanned bill as
being a counterfeit (based on 2 variety of monitored param-
cters which are not pertinent to the present disclosure) or a
“no call” (a bill which is not jdentifiable as belonging to &
specific currency denomination based on the plurality of
stored master patterns and/or other criteria), it is desirable
that the cransitional status of the overall recognition and
counting process be retained so that the CRU may be
restarted without any cffective disruptions of the
recognition/counting process.

More specifically, once a scanned bill has been identified
as a “no call” bill (B,) based on somec sct of predefined
criteria, it is desirable that this bill B, be transported directly
to the system stacker and the CRU brought to a halt with bill
B, remaining at the top-most stacker position while, at the
same time,-cnsuring-that-the following bills are maintained
in positions alosg the bill transport psth whereby CRU
operation can be convenicntly resumed without any disrup-
tion of the recognition/counting process.

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

Even if an attempt were made at immediately halting the
CRU system following a “no call,” any subscquent scanning
of bills would be totally unreliable becausc of mechanical
backiash cffects and the resuitant disruption of the optical
cncoder routine used for bill scanning. Conscquently, when
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the CRU is restarted, the call for the following bill is also
likely to be bad and the overall recoguition/counting process
is totally disrupted as 8 result of an endless loop of “no
calls.”

According to an important feature of the preseat
invention, the above problems are solved by an improved
currency detecting and counting techaique whereby a
scanned bill identified as a “no call” is transported directiy
to the top of the system stacker and the CRY is halted
without adversely affecting the data collection and 5-
ing steps for a scceeding bill, Accordingly, when the CRU
is restarted, the overall bill recoguition and counting proce-
dure can be resumed without any disruption as if the CRU
had never been balted at all.

According to the improved currency detecting/counting
technique, the CRU is operated in the normal fashion
described above in detail. whereby an incoming bill is
scanncd and processed in order to make a call as to the bill
denomination. If the bill is identified as a “no call” based on
any of a variety of conventionally defined bill criteria (such
as the criteria in FIG. 8), the CRU is subjected to a controlled
deccleration process whereby the CRU operating speed. ie.,
the speed at which test bills arc moved across the system
scaphead along the bill transport path, is reduced from its
normal operating level. During this deceleration process the
“no call” bill (B,) is transported to the top of the stacker and,
at the same tirae, the following bill B, is subjected to the
standard scan and processing procedure in order to identify
the denomination thereof.

The rate of deceleration is such that optical scanning of
bill B, is completed by the time the CRU operating speed is
reduced to a predefined operating speed. While the exact
operating speed at the eud of the scanning of bill B, is not
critical, the objective is to permit complete scanning of bill
B, without subjecting it to backlash effects that would result
if the ramping were 100 fast while, at the same time, casuring
that the bill B, has in fact been traosported to the stacker in
the meantime.

It has a&pmmcnul.ly been dctmnined that a aominal
-operating speeds of the order of 1000 bil

deceleration is| prefmbly such that the CRU operating speed
is reduced to about one-third of its hormal operating speed
at the end of the deceleration phase, i.c., by the time optical

of bill B, has been completed. It has been deter-
mined that at these speed levels, positive calls can be made
as to the denomination of bill B, based on refiectance
samples gathered during the declesation phase with a rela-
tively high degree of certainty (i.e., with a correlation
number exoceding about 850.)

Once the optical scanning of bill B, has been completed,
the speed is reduced to an even slower speed until the bill B,
has passed bill-cdge scosors S1 and S2 described below
whereby it is then brought to a complete stop. At the same
time, the results of the processing of scanned data corre-
sponding to bill B, are stared in system memory. The
ultimate result of this g procexture is that the CRU is
brought to a complete halt following the point where the
scanning of bill B, has been reliably completed since the
scan procedure is not subjected to the disruptive cffects
(backlash. etc.) which would result if a complete halt were
attempted immediately after bill B, is ideutified a5 a *no
call.”

More importantly, the reduced oparating speed of the
machine at the end of the deccleration phase is such that the
CRU can be brought to a total halt before the next following
bill B, has been transported over the optical scanhead. Thus,
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when the CRU is in fact balted, bill B, is positioned at the
top of the system stacker. bill B, is maintained in trait
between the optical scanhesd and the stacker after it has
been subjected to scanaing, and the following bill B, is
stopped shart of the optical scanhead.

When the CRU is restarted, presumably after carrective
action has been taken responsive to the “minor” emyor which
led to the CRU being stopped (such as the removal of the “no
call” bill from the top of the stacker). the overall bill
recognition/counting operation can be resumed in an unin-
terrupted fashion by using the stored call results for bill B,
asthebaslsfowupdanngmesymmcoum appeopeiately,
moving bill B, from its earlier transitional position along the
transport path into the stacker, and moving bill B, alosg the

path into the optical scanhead area where it can be
subjected to normal scanning and processing. A routine for
executing the deceleration/stopping described
above is illustrated by the flow chart in FIG. 8A. This routine
1s initiated at step 170 with the CRU in jts normal operating
mode. At step 171, a test bill B, is scanned and the data
reflectance samples resulting therefrom are processed. Next.
at step 172, a determination is made as $o whether or not test
bill B, is a “no call” using predefined criteria in corbination
with the overall bill recognition procedure, such as the
routine of FIG. 8. If the answer at step 172 is negative, ie.,
the test bill B, can be identified, step 173 is accessed where
normal bill processing is continued in accordance with the
procedures described above. If, however, the test bitt B, is
found to be bad at step 172, step 174 is accessed where CRU
slowdown is [nitiated, ¢.g., the transport drive motar speed
is reduced to about onc-third its aormal speed.

Subsequeatly. the bad bill B, is guided to the stacker
while, at the same time, the following test bill B, is brought
under the optical scanhead and subjected to the scanaing and
processing steps. The call resultipg from the scanning and
processing of bill B, is stored in system memory at this
point. Step 175 determipes whether the scanning of bill B,
is complete. When the snswer is negative, step 176 deter-
mines whether a preselected *bill timeout™ period has
cxpired so that the system does not wait for the scanning of
a bill that is not present. An affirmative answer at step 176
returns the system to the mnin program at-step-175 while a
negative answer at step 176 causes sicps 175 and 176 to be
reiterated until one of them produces an affirmative
response.

An affirmative responsc at step 175 causcs step 177 to
further reduce the speed of the transport drive motor, ic., to
one-sixth the narmal speed. Before stopping the transport
drive motor, step 178 detenmines whether cither of the
sensors S1 or S2 (described below) is covered by a bill. A
necgative answer at step 178 indicates that the bill has cleared
both sensars S1 and S2, and thus the transport drive motor
is stopped at step 179. This significs the end of the
deceleration/stopping process. At this point in time, bill B,
remains in transit while the following bill B, is stopped on
the transpart path just short of the optical scaphcad.

Following step 179, comrective action responsive to the
identification of a “no call” bill is conveniently undextaken;
the top-most bill in the stacker is easily removed thercfrom
and the CRU is then in condition for resuming the
recognition/counting process. Accordingly, the CRU can be
restagted and the medrcsults cosresponding to bill B,, are
used to the system count. Next, the
identified bill B, is guided along the transport path to the
stacker, and the CRU continues with its normal processing
routine.

Referring now to FKGS. 9A-C there are shown three test
patterns generated. respectively, for the forward scanning of
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a $1 bill along its green side, the reverse scanning of a $2 bill
on its greea side, and the forward scanning of a $100 bill on
its green side. It should be noted that, for purposes of clarity
the test patterns in FIGS. 9A-C were generated by using 128
Mmmuapkspabiﬂmuoppmwmewm
use of only 64 samples. The marked difference existing
between corresponding samples for these three test patiems
is indicative of the high degree of confidence with which

denominations may be calied using the foregoing
optical sensing and correlation procedure.

The optical scnsing and carrelation technique described
above permits identification of pre-programmed currency
denominations with a high degree of accuracy and is based
upon a relatively low processing time for digitizing sampled
refiectance vatues and comparing them to the master char-
acteristic pattaras, The approach is used to scan currency
bills, normalize the scanned data and generate master pat-
terns in such a way that bill scans during operation have &
direct correspondence between compared sample points in
portions of the bilfs which possess the most distinguishable
peinted indicia A rclatively low number of reflectance
samples is required in order to be able to adequately distin-
guish between several currency denominations.

A major advantage with this approach is that it is not
required that currency bilis be scanned along their wide
dimensions. Further, the reduction in the numnber of samples
reduces the processing time to such an cxtent that additional
comparisons can be made during the time available between
the scanaiog of successive bills, More specifically, as
described above, it becomes possible to compare a test
pattern with two or more stoned master characteristic pat.
terns so that the system is made capable of identifying
currency which is scanned in the “forward” or “reverse”
directions along the green surface of the bill.

Another advantage accruing from the reduction in pro-
-cessing time realized by the present scnsing and correlation
scheme is that the response time involved in cither stopping
the transport of a bill that has been identified as “spurious”,
i.c., not corresponding to any of the stored master charac-

. leristic pattarns, or diverting such a bill to a separate stacker
bin, is correspondingly shortened. Accordingly, the system
can conveniently be programmed to set a flag when a
scanned pattern does not correspond to any of the master
patterns. The identification of such a condition can be used
to stop the bill Ganspart drive motor for the mechamism,
Since the optical cacoder is tied to the rotational movement
of the drive motar, synchronism can be maintained between
pre- and post-stop conditions, In the dual-processor impie-
mentation discussed above, the information concerning the
identification of a “spurious” bill the general processor
information relayed to the general processor unit which, in
tura, would control the drive motor appropriately.

The comrelation procedure and the accuracy with which a
denomination is identified directly relates to the degree of
carrespondence between reflectance samples on the test
pattern and corresponding samples on the stared master
patterns. Thus, shrinkage of “used” bills which, in turn,
catscs corresponding reductions in their narrow dimensions,
can possibly produce a drop in the degree of correlation
between such used bills of a given denomination and the
corresponding master patterns. Currency bills which have
experienced 8 high degree of usage exhibit such a reduction
in both the narrow and wide dimensions of the bills. While
the sensing and correlation technigue of this invention
remains relatively indepeadent of any changes in the wide
dimension of bills, reduction along the parrow dimension
can affect correlation factars by realizing a relative displace-
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ment of reflectance samples obtained as the “shrunk™ bills
are transported across the scanhead.

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

The progressive shifting effect is best illustrated by the
comrelation patterns shown in FIGS. 10A-D. For purposes of
clarity, the illustrated patterns were generated using 128
saroples for cach bill scan as compared to the preferred use
of 64 samples. FIG. 10A shows the comrelation between 8
test pattern (represented by a heavy line) and a correspond-
ing master pattern (represented by a thin line), It is clear
from FIG. 10A that the degree of correlation between the
two patterns is rclatively low and exhibits a cormelation
factor of 606.

The manner in which the comrelation between these pat-
terns is incrcased by employing progressive shifting (s best
illustrated by considering the comrelation at the reference
points designated as A-B along the axis defining the nuruber
of samples. The effect on correlation produced by “single”
progressive shifting is shown in FIG. 10B which shows
“single” shifting of the test pattern of FIG. 10A. This is
cffected by dividing the test pattern into two equal segments
cach comprising 64 samples. The first segment is retained
without any shift, whereas the second segment is shifted by
a factor of one data sample. Under these conditions, it is
found that the comelation factor at the reference points
located in the shifted section. particularly at point E, is
improved.

FIG. 16C shows the effect produced by “double” progres-
sive shifting whereby sections of the test pattern are shifted
in three stages. This is accomplished by dividing the overail
pattern into threc approximately equal sized sections. Sec-
tion one is not shifted, section two is shifted by one data
sample (as, in FIG. 10B), and section three is shified by a
factor of two data samples. With “*double” shifting, it can be
seen that the correlation factor at point E is further increased.

On a similar basis, FIG. 16D shows the effect on corre-
lation produced by “triple” progressive shifting where the
overall pattern is first divided into four (4) approximately
cqual sized scctions. Subsequently, scction onc is retained
without any shift, section two is shifted by onc data sample,
section three is shifted by two data sampics, and section four
is shifted by threc data samples. Under these conditions, the
carrelation factor at point E is seen to have increased

FIG. 18E shows the effect on comelation produced by
“quadruple” shifting, where the pattern is first divided ioto
five (5) approximately cqual sized sectiops. The first fowr (4)
sections are shifted in accordance with the “triple™ shifting
approach of FIG. 10D, whereas the fifth section is shifted by
a factor of four (4) data samples. From FIG. 10E it is clear
that the corrclation at point E is increased almost to the point
of superimposition of the compared data sampies.

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

More importantly, the progressive shifting realizes sub-
stantial increases in the overall corelation factor resulting
from pattern comparison. For ipstance, the original correla-
tion factor of 606 (FIG. 10A) is increased to 681 by the
“singlc” shifting shown in FIG. 10B. The “double” shifting
shown in FIG. 10C increases the correlation number to 793,
the “triple” shifting of FIG. 18D increases the carrelation
pumber to 906, and, finally, the “quadruplc” shifting shown
in FIG. 10E increases the overall correlation number to 960,
Using the above approach, it has been determined that used
currency bills which exhibit a high degree of narrow dimen-
sion shrinkage and which cannot be accurately identified as
belonging to the correct currency denomination when the
cogrelation is performed without any shifting, can be iden-
tified with a high degree of certainty by using progressive
shifting approach, preferably by adopting “triple” or “qua-
druplc” shifting.

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

For accepting a stack of cumrency bills 228 (FIG. 12)
which have to be discriminated according to depomination,
an ipput bin 227 is defined on the top surfacc 220 by a
downwardly sloping support surface 229 on which arc
provided a pair of vertically disposed side walls 230, 232
linked together by a vertically disposed front wall 234. The

_walls 230, 232 and 234, in combination with the sioping
surface 229, define an enclosure where the stack of currency
bills 228 Is positioned.

From the input bin, currency bills are moved along a
ti-sectional transport path which includes an input path
where bills are moved along a first direction in a substan-
tally flat position, a curved guideway where bills arc
acoepted from the input path and guided in such 8 way as to
change the direction of travel to a seoond different direction,
and an output path where the bills are moved in a flat
position along the second differcnt direction across currency
discrimination mcans located downstream of the curved
guideway, as will be described in detail below. In accordance
with the improved optical seasing and correlation technique
of this invention. the transpart path ig defined in such a way
that currency bills are accepied, transported along the input
path, the curved guideway. and the output path, and stocked
with the parrow dimension “W™ of the bills being main-
tained parallel to the transport path and the direction of
movemcat at all times.

The forward sloping section 228 of the document han-
dling apparatus 210 includes a platform surface 235 cen-
trally disposed between the side walls 214, 216 and is
adapted to accept currency bills which have been processed
through the currency discrimination means for delivery to a
stacker plate 242 where the processed bills are stacked for
subscquent removal. More specifically, the platform 235
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includes an associated an, surface 236 and is provided
with openings 237, 237A from which fiexible blades 238A,
240A of a corresponding pair of stacker wheels 238, 240,
respectively, extend outwardly. The stacker wheels are sup-
ported for rotational movement about a stacker shaft 241
disposed about the angular surface 236 and suspended
across the side walls 214 and 216. The flexible blades 238A,
240A of the stacker wheels cooperate with the stacker
platform 23S and the openings 237, 237A to pick up
currency bills delivered thereto. The blades operate to sub-
sequently deliver such bills to a stacker plate 242 which is
linked to the angular surface 236 and which also accommo-
dates the stacker wheel openings and the wheels projecting
therefrom. During operation, a currency bill which is deliv-
ered to the stacker platform 235 is picked up by the fiexible
blades and becomes lodged between a pair of adjacent
blades which, in combination, decfine & curved eaclosure
which decelerates a bill entering therein and serves as a
raeans for supporting and transferring the bill from the
stacker platform 235 onto the stacker plate 242 as the stacker
wheels rotate. The mechanical configuration of the stackes
wheels and the flexible blades provided thereupon, as well
8s the maoner in which they cooperate with the stacker
platform and the stacker plate, is conventional and,
accordingly, is not described in detail herein.

The bill handling and counting apparatus 219 is provided
with means for picking up or “stripping™ currency bills, one
at a time, from bills that are stacked in the input bin 227. In
order to provide this stripping action, a feed roller 246 is
rotationally suspended about a drive shaft 247 which, in
turn, is supparted across the side walls 214, 216, The feed
rolier 246 projects through a slot provided on the down-
wardly sloping surface 229 of the input bin 227 which
defines the input path and is in the form of an eccentric roller
at least a part of the periphery of which is provided with a
relatively high friction-bearing surface 246A. The swface
246A is adapted to engage the bottom bill of the bill stack
228 as the roller 246 rotates; this initiates the advancement
of the bottom bill along the feed direction represented by the
arrow 247B (sec FIG. 13). The eccentric surface of the feed
roller 246 csseatially “jogs” the bill stack once per revolu-
tion so as to agitate and loosen the bottom cumrency bill
within the stack, thereby facilitating the advancement of the
bottom bill along the feed direction.

The action of the feed roller 246 is supplemented by the
provision of a capstan or drum 248 which is suspended for
rotational movemeat about a capstan drive shaft 249 which,
in turm, is supported across the side walls 214 and 216.
Preferably, the capstan 248 comprises a centrally disposed
friction roller 248A having 2 smooth surface and formed of
a friction-bearing material such as rubber or hard plastic.
The friction roller is sandwiched between a pair of capstan
rollers 248B and 248C, at lecast a pan of the exterpal
periphesics of which are provided with a high friction-
bearing surface 248D.

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

In arder to ensure active contact between the capstan 248
and a currency bill which is jogged by the feod rolier 246 and
is in the process of being advanced frictionally by the
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capstan rollers 248B, 248C, a pair of picker rollers 2524,
2528, are provided for exerting a consistent downward farce
ontoﬁ:ekadhgedgesofdlemencybﬂlsmﬂonedm the
input bin 227, The picker rollers are supported on come-
sponding picker arm 284A, 254B which, in turn, arc sup-
ported for arcuate movement about a support shaft 256
suspended acvoss the side walls of the apparatus. The picker
roliers are free wheeling sbout the picker arms and when
there are no currency bills in contact with the capstan 248,
bear down upon the friction roller 248A and, accordingly,
are induced into counter-rotation therewith. However, when
curreacy bills are present and are in contact with the capstan
248, the picker rollers bear down into contact with the
leading edges of the currency bills and exert a direct
downward force on the bills since the rotational movement
of rolless is inhibited. The result is that the advancing action
brought about by contact between the friction-bearing sur-
faces 248D on the capstan rollers 248B, 248C is
accentuated, thereby facilitating 'the stripping away of a
single currency bill at a time from the bill stack 228.

In between the picker arms 254A, 254B, the support shaft
256 also supports a scparator arm 260 which carrics at its
ead remote from the shaft.a stationary stripper shoe 258
which is provided with a frictional surface which imparts a
frictional drag upon bills onto which the picker rollers bear
down. The separator arm is mounted for arcuate movement
about the support shaft 256 and is spring loaded in such a
way as to bear down with 2 selected mount of force onto the
capstan.

In operation, the picker rollers rotate with the rotational
movement of the friction roller 248A due to their free
wheeling nature until the leading edges of one or more
currency bills arc encountered. At that point, the rotational
movemeat of the picker rollers stops and the leading edges
of the bills are forced into positive contact with the friction
bearing surfaces on the periphery of the capstan rollers. The
cffect is 10 force the bottom bill away from the rest of the
bills along the direction of rotation of the capstan. At the
same time, the separasor shoc 258 also bears down on any
-of the bills that are propelicd farward by the capstan rollers,

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

The bill transport path includes a curved guideway 270
provided in front of the capstan 248 for acoepting currency
bills that have beea propelied forward along the input path
defined by the forward section of the sloping surface 229
into frictional contact with the rotating capstan. The guide-
way 279 includes a curved section 272 which corresponds
substantially to the curved periphery of the capstan 248 so
as to compliment the impetus provided by the capstan rollers
248B, 248C to a stripped currency bill

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

A modified feed mechanism is described in the assignee’s
copending U1.S. patent application Ser. No. 07/680.585. filed
Apr. 4, 1991, for “Feed Arrangement For Currency Handling
Machines,” which is incorporated herein by reference.

Downstream of the curved section 272, the bills
path has an output path for cumrency bills. The output path
is provided in the farm of & flat section 274 along which bills
which have beea guided along the curved guideway 276 by
the idler rollers 262A, 262B are moved along a direction
which is opposite to the direction along which bills are
moved out of the input bin. The movement of bills along the
direction of rotation of the capstan, as induced by the picker
rollers 252A, 252B and the capstan roliers 2488, 248C., and
the guidancc provided by the section 272 of the awved
guideway 270 changes the direction of movement of the
currency bills from the initial movement along the sloping
surfacc 229 of input bin 227 (sce arrow 2478 in FIG. 13) to
a direction along the flat scction 274 of the ontput path. as
best iliustrated in FIG. 13 by the aoow 272B.

Thus, a currency bill which is stripped from the bill stack
in the input bin is initially moved along the input path under
positive contact between the picker rollers 252A. 252B and
the capstan rollers 248B, 248C. Subscquenty, the bill is
guided through the curved guideway 27 under positive
contact with the idler yollers 262A, 262B onto the flat
section 274 of the output path.

In the output path, currency bills are positively guided
along the flat section 274 by mcans of a traasport roller
arrangement which includes & pair of axially spaced, posi-
tively driven transport rollers 301, 302 which are respec-

“tively disposed on transpart shafts 303 and 304 supported

across the sidewalls of the apparatus. The first transpon
roller 301 includes a pair of projecting cylindrical sections
301A, 301B which preferably have a bigh-friction outer
sutface, such as by the provision of knurling thereupon. The
second transport rolier 302 which is downstream of the first
roller along the flat section of the transport path also has
similar cylindrical high-friction knurled sections 302A and
362B.

The flat section 274 is provided with openiogs through
which each of the knurled sections of the tansport rollers
301 and 302 arc subjected to counter-rotating contact with
cotresponding passive transport rollers 305A, 305B. 306A
and 306B. The passive rollers arc mounted below the flat
section 274 of the transport path in such a manser as to be
freewhecling about thelr axes and biased into counter-
rotating contact with the corresponding knuried sections of
the first and second transport rollers. While any appropriatc
mechanical suspending and pressuring amangement may be
used for this purpose, in the illustrative embodiment passive
rollers 385A and J6A are biased into contact with knurled
sections 301A and 3828 by means of an Heshaped leaf
spring 367. The rolless are cradled in a frecwheeling fashion
within cach of the two aradle sections of the spring tyough
a support shaft (not shown) appropriately suspended about
the spring. The arrangement is such that the leaf spring 367
is mounted relative to the passive rollers 38SA and 306A in
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such a way that a controllable amount of pressure is exerted
against the rollers and pushes them against the active rollers
301 and 302. A similar leaf spring/suspension arrangement
is used to mount the other set of passive rofiers 305B and
306B into spring-loaded, freewheeling counter- con-
tact with the knurled sections 381B and 302B of the active
transport sollers 301 and 302,

Preferably, the points of contact between the active and
pessive rollers are made coplanar with the output path so that
currency bills can be moved or positively guided along the
path ip a fiat manncr under the positive contact of the
opposingly disposed active and passive rollers.

The distance between the two active transpost rollers and,
of course, the corresponding counterrotating passive rollers.
is sclected to be just short of the Jeogth of the pagrow
dimension of the curency bills that arc to be discriminated.
Accordingly, curreacy bills are firmly gripped under uni-
form pressure between the two sets of active and passive
rollers within the  scaphead area, thercby minimizing the
possibility of bill skew and cphancing the reliability of the
overall scanning and recognition process.

The first active transpost rollcr 31 is driven at a speed
substantially higher than that of the capstan yollers in the
feed section. Since the passive rollers ace freewheeling and
the active rollers are positively driven, the first transport
roller 301 causes a bill that comes between the roller and its
carresponding passive rollers 305A, 305B along the flat
scction of the output path to be pulled into the nip formed
between the active and passive rollers (more specificslly,
between these passive rollers and the comesponding kauried
sections 301A. 301B on the active transport roller). The
higher speed of the active transport roller imparts an abrupt
acceleration to the bill which strips the bill away from any
other bills that my bave beean guided into the curved guide-
way along with the particular bill being acted upon by the
transport roller.

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

The disposition of the second transport roller is selected
to be such that the positive contact exerted by the cylindrical
knuried sections 302A, IZBA o the secoud transpost roller
302 and the conesponding passive roliers 386A, 3068 upoa
a currency bill moving along the output path occurs before
the bill is released from the similar positive contact between
the knurled sections 381A, 381B on the first transport roller
301 and the corresponding passive rollers 305A, 305B. Asa
result, the second transport roller 382 and its corresponding
passive rollers 306A, 306B together positively guide a
currency bill through the scanhead arca (where the transport
rollers are located) onto the stacker platform 235, from
where the stacker wheels 238, 240 pick up the bill and
deposit it onto the stacker place 242.

Bilis arc held flat arrangement the scanhead 18 by mecans
of & plurality of O+ings 368 which are disposed in come-
sponding grooves 389 on the transport rollers 301 and 302.
In a prefemed mrangement, five such O-rings I8A-E arc
used, one at cach end of the transport rollers and three in the
central regions of the rollers.

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

Referring now in particular to FIGS, 14 and 15, there are
shown side and top views, respectively, of the document
processing apparatus of FIGS. 11-13, which illustrate the
mechanical arangement for driving the vasious means for
transporting cursency bills along the three sections of the
wansport path, {.c., along the input path, the curved guide-
way and the output path. As shown therein, 8 motor 320 is
used to impart rotational movement to the capstan shaft 249
by means of a belt/pulley arrangement comprising a pulley
321 provided ot the capstan shaft 249 and which is linked
to a pulley 322 provided on the motor drive shaft through a
belt 323. The diameter of the driver pulley 321 is selected to
be appropriately larger than that of the motor pulley 322 in
order to achicve the desired speed redaction from the
typically high speed at which the motor 320 operates.

The drive shaft 247 for the drive roller 246 is provided
with rotary motion by means of a pullcy 324 provided
thereupon which is linked to a corresponding pulley 321
provided on the capstap shaft 249 through a belt 326. The
pulleys 324 and 321 are of the same diameter so that the
drive roller shaft 247 and, heuce, the drive roller 246, rotatc
in unisop with the capstan 248 mounted on the capstan shaft
249.

In order to impari rotational movemeant to the transport
rollers, a pulley 327 is mounted on the transport roller shaft
287 corresponding to the first set of ransport rollers and is
linked to a corresponding pulley 328 on the capstan shaft
249 through a belt 329, The diameter of the transpost roller
pulley 327 is sclected to be appropriately smaller than that
of the comresponding capstan pulley 328 so as to realize a
stepping-up in speed from the capstan rollers to the transport
rollers. The second set of transport rollers mounted on the
transport rolicr shaft 288 is driven at the same speed as the
rollers on the first set of transpost rollers by means of a
pullcy 338 which is linked to the transport pulley 327 by
means of a belt 325,

As also shown in FIGS. 14 and 15, an optical encoder 299
is mounted on one of the transport rolier shafls, preferably
the passively driven transpart shaft 288, for precisely track-
ing the lateral displaccment of bills supported by the trans-
port rollers in terms of the rotatiopal movement of the
transport shafts, as discussed in detail above in connection
with the optical sensing and carrelation technique of this
invention.

In order to drive the stacker wheels 238 and 240, an
intermediate pulley 330 is mounted on suitable support
means (not shown) and is linked to a coresponding pulley
331 provided on the capstan shaft 249 through 2 belt 332.
Because of the time required for transporting currency bills
which have been stripped from the currency stack in the
input bin through the tri-sectionaf transpart path and onto the
stacker platform, the speed at which the stacker wheels can
rotate for delivering processed bills to the stacker plate is
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necessarily less than that of the capstan shaft. Accordingly,
the diameter of the intermediate pulley 3334 is selected tobe
farger than that of the carresponding capstan pulicy 331 so
as to realize a reduction in speed. The intermediate pulley
333g has an associated pulley 333 which is linked to a
stacker pulley 334 provided on the drive shaft 241 for the
stacker wheels 238, 240 by mcans of & belt 335. In the
preferred. embodiment shown in FIGS. 11-15, the stacker
wheels 238, 240 rotate in the same direction as the
rollers. This is accomplished by arranging the belt between
the pulleys 333, 334 in 2 “Figure-8” configuration about an
anchoring pin 336 disposed between the two pulleys.

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

According to a feature of this invention, optical scanning
of cumrency bills in accordance with the above-described
improved optical sensing and corrclation technique, is per-
formed by means of an optical scanhead 296 which is
disposed downstream of the curved guideway 270 aloag the
flat section 274 of the output path. More specifically, the
scanhead 296 is located under the flat section of the output
path between the two sets of transport rollers. The advaatage
of this approach is that optical scanaing is performed on bills
when they are maintained in a substantially flat position as
a result of positive contact between the two sets of transport
rollers at both ends of the bill aloag their narrow dimension,

It should be understood that the above-described drive
arrangement is provided for fllustrative purposes only. Alter-
nate arrangements for imparting the necessary rotational
movement to geacrate movement of currency bills along the
tri-sectional transport path can be used just as cffectively. It
is important, however, that the surfacc speed of currency
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the surface speed of the bills across the capstan rollers in
order to achieve optimum bill separation. It is this difference
in speed that generates the abrupt acceleration of currency
bills as the bills come into contact with the first set of
transport rollers.

The drive arrangeraent may also include a one-way clutch
(not shown) provided on the capstan shaft and the capstan
shafts, the transport roller shafts and the stacker wheel shafts
may be fitted with fly-wheel srrangements (not shown). The
combination of the onc-way clutch and the fly wheels can be
medmndmmgcmacodanedbatchwocﬁﬂngofm-
rency bills by cnsuring that any bills remaining in the
transport path after cumrency discrimination are automati-
cally pulled off the transport path into the stacker plate as a
result of the inertial dynamics of the fly wheel arrangements.

As described above, implementation of the optical sens-
ing and comriation technigue of this invention requires only
a relatively low pumber of reflectance samples in arder to
adequately distinguish between sevesal currency denospina-
tions. Thus, highly accurate discrimination becomes pos-
sible even though cumrency bills are scanned along their
parrow dimension. However, the accuracy with which a
depomination is identified is bascd on the degree of corre-
lation between reflectance samples on the test pattern and
corresponding samples on the stored master patterns.
Accordingly, it is important that curreacy bills be trans-
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Pported across the disrimination means in s fiat position and.
more importantly. at & unifocm speed.

This is achieved in the bill handling apparatus of FIGS.
11-18, by positioning the optical scanhead 296 on one side
of the flat section 274 of the output path betwoen the two scts
of transport rollers. In this area, cusrency bills are main-
tained in positive contact with the two sets of rollers. thereby
cnsuring that the bills move across the scanhead in 2
substantially flat fashion. Further. a uniform speed of bill
movement is maintained in this arca because the sccond ses
of passive transport roflers is driven at a speed ideatical to
that of the active transpart rollers by means of the drive
conpection between the two sets of rollers. Disposing the
optical scanhead 296 in such a fashion downstream of the
curved guideway 270 along the flat section 274 maintains a
direct cocrespondence betweea reflectance samples obtained
by the optically scanning of bills to be discriminated and the
coiresponding samples in the stored master pattern.

According to a preferred embodiment, the optical scan-
head comprises a plurality of light sources acting in com-
bination to uniformly illuminate light strips of the desired
dimension upon currency bills positioned on the transport
path below the scanhead. As fllustrated in FIGS. 17-18, the
scanhead 296 includes a pair of LEDs 340, 342, directing
beams of light 341 and 343 respectively, oato the flat section
274 of the output path against which the scanhead is
positioned. The LEDs 340, 342 are angularly disposed
relative to the vertical axis Y in such a way that their
respective light beams combine to illuminate the desired
light strip. The scanhead 296 includes a photodetecior 346
centrally disposed on an axis normal to the illuminated strip
for sensing the light reflected off the strip. The photodetector
346 is linked to a central processing unit (CPU)pot shown)
for processing the scnsed data in accordance with the
above-described principles of this invention. Preferably, the
beams of light 341, 343 from the LEDs 348, 342,
respectively, are passed through an optical mask 345 in order
to realize the illurpinated strips of the desircd dimensions.

In order to capture reflectance samples with high
accuracy, it is impartant that the photodctector capture
reflectance data uniformly across the illuminated strip. In
othier words, when the photodetector 346 is positioned on an
axis passing through the center of the flluminated strip, the
illumination by the LED's as a function of the distasce from
the central point “0” along the X axis, should optimally
approximate a step function as illustrated by the curve A in
FIG. 19. With the use of a single light source angularly
dispiaced relative to the vertical, the variation in illuming-
tion by an LED typically approximates a Gaussian function.
as ilfustrated by the curve B in FIG. 19.

In accordance with a prcferred embodiment, the two
LEDs 346 and 342 arc angularly disposed relative to the
vertical axis by angles o and [, respectively. The angles a
and § are sclected to be such that the resubtant strip fllumi-
pation by the LED’s is as close as possible to the optimum
distribution curve A in FIG. 19. According to & preferred
embodiment, the angles ¢ and [§ are cach selected to be 19.9
degrees. The LED illumination distribution realized by this
arrangement is illustrated by the curve designated as “C” in
FIG. 19 which effectively merges the individual Gaussian
distribution of each light source to yield 8 composite distri-
bution which sufficiently approximates the optimum carve
A

The manner in which the plurality of light strips of
different dimensions arc generated by the optical scanhead
by means of all optical mask is illustrated in FIG. 16-18. As
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shown therein, the optical mask 345 essentially comprises a
generally opaque arca in which two slits 354 and 356 are
formedtonﬂowli@tﬁomtbckgbtsomw pass through
so as to illuminate light strips of the desired dimensions.
More specifically, slit 354 corresponds to the wide strip used
for obtaining the refiectance samples which correspond to
the characteristic pattarn for a test bill. In a prefered
embodiment, the wide slit 354 has a leogth of about 0.500"
and a width of sbout 0,050". The second slit 356 forms a
relatively narrow illuminated strip used for detecting the thin
borderline surrounding the printed indicia on currency bills,
as described above in detail. In a preferred embodiment, the
pamrow slit 356 has a length of about 0.300" and 2 width of
about 0.010".
1t is preferred that a separate pair of light sources 340 and
342 be provided for each of the two slits 354 and 356. Thus,
as can be seen in FIGS. 17 and 18, a first pair of LED'S
340A and 342A arc provided for the narow slit, and a
second pair of LED's 340B and 342B are provided for the
second slit. Similarly, two separate photodetectors 346A and
3468 are provided for detecting refiected light from the two
slits. As can be seen in FIGS. 17 and 18, the channel for
transmitting reflected light from the namow slit to the
photodetectar 346A is narrower in the ransverse direction
than the channel for transmitting reflected light from the
wide slit to the photodetector 346B.
According to another feature of the present invention, the
undesired doubling or overlapping of bills in the transport
system is detected by the provision of a pair of optical
sensors which arc co-lincady disposed opposite to each
other within the scan head area along a line that is perpen-
dicular to the direction of bill flow, Le., paraliel to the edge
of test bills along their wide dimensions as the bills are
transported across the optical scan head. As best illustrated
in FIG. 20. the pair of optical sensors S$1 and S2 (having
corresponding light sources and photodetectors which arc
not shown here) are co-linearly disposed within the scan
head area in close parallelism with the wide dimension
edges of incoming teat bill. In effect, the optical sensars S1
and S2 arc disposed opposite each other along a lne within

— -the scan-head arca which is perpendicular to the direction of

bill flow.

It should be noted that FIGS. 11, 13 and 15 also include
an fllustration of the physical disposition of the sensors S1
and $2 within the optical scanhead area of the currency
recognition and counting apparatus. For purposcs of clarity.
the sensors S1 and S2 are represented only in the form of
blocks which correspond to the light sources associsted with
the sensors. Although not illustrated in the drawings, it
should be bpoted that coresponding photodetectors (not
shown) are provided within the scanhead area in immediate
opposition to the corresponding light sources and under-
neath the flat section of the transport path. These detectors
detect the beam of coherent light directed downwardly onto
the bill transport path from the light sources comresponding
to the sensors S1 and S2 and generate an analog output
which corresponds to the scased light. Each such output is
convened into a digital signal by a conventional ADC
convertor unit (pot shown) whose output is fed as a digital
input to apd processed by the system CPU (not shown), in
a manner similar to that isdicated in the amangement of FIG.
1

The presence of a bill which passes under the sensars S1
and S2 causes a change in the intensity of the detected light,
and the comresponding change in the analog output of the
detectors serves as a convenicot rmcans for density-based
easurements for detecting the presence of “doubles”™ (two
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or more overlaid or oveslapped bills) during the currency
recognition and counting process, For instance, the sensors
may be used to collect a predefined aumber of density
measurements on a test bill, and the average deasity ‘value
for a bill may be compared to predetermined density thresh-
olds (based, for instance, on standardized density readings
for master bills) to determine the presence of overlaid bills
or doubies.

A soutine for using the outputs of the two sensors S1 and
$2 to detect any doubling or of bills is illus-
trated in FIG. 21. This routine starts wheel the denomination
of a scapsed bill has been determined at step 401, as
described previously. To permit variations in the scasitivity
of the density measurement, a “density setting choice™ is
retrieved from memory at step 402, The operator makes this
choice manually, accarding to whether the bills being
scanned arc ncw bills, requiring only a high degree of
sensitivity, or used bills, requiring a lower level of sensitiv-
ity. After the “density setting chaice™ has beea retrieved, the
system then proceeds through a series of steps which estab-
lish a density comparison value acoarding to the denomi-
nation of the bill, Thus, step 403 determines whether the bill

has been identificd as a $20-bill, and if the answer is
affirmative, the $20-bill density comparison value is
segicved from memory at stcp 484. A npogative answer at
step 483 advances the system to step 485 to determine
whether the bill has been identified as a $100-bill, and if the
answer is affirmative, the $100-bill density comparison
value is retricved from memory at step 406. A negative
answer at step 405 advances the system to step 47 where a
general density comperison value, for all remaining bill
deaominations, is retrieved from memory.

At step M8, the density comparison value retrieved at step
404, 486 oc 4987 is compared to the average density repre-
septed by the output of seasor S1. The result of this
comparison is cvaluated at stcp 489 to determine whether
the output of sensoc S1 identifies a doubling of bills for the
particular denomination of bill determined at step 401, If the
answer is negative, the system returns to the main program.
If the answer is affirmative, step 410 then compares the
retricved density comparison valuc to the average density
represented by the output of the second seasor S2. The resolt
of this comparison is evaluated at step 401 to determine
whether the output of scasor S2 ideatifies a doubling of bills.
Affirmative answers at both step 409 and step 411 results in
the setting of a “doubles crror” flag at step 412, and the
system then returns to the main program. The “doubles
ervor” fiag can; of course, be used to stop the bill transport
motor.

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

The routine of FIG. 22 retricves cach successive data
sample at step 450 and then advances to step 451 to
determine whether that sample is too dark. As described
above, the output voltage from the photodetector 26
decreases as the darkmess of the scanned arca increases.
Thus. the lower the output voltage from the photodetector,
the darker the scanned area. For the evaluation carried out at
step 451, a presclected threshold level for the photodetector
output voltage, such as a threshold level of about 1 volt, is
used to desigpate a sample that is “too dark”,
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An affimative answer at step 451 advances the system to
step 452 where a “bad sample”™ count is incremented by ope,
A single sample that is too dark is not caough to designate
the bill as'scriously defaced. Thus, the “bad sample” count
is used to determine when a presclected member of con-
sccutive samples, e.g.. ten consecutive samples, are deter-
mined to be too dark. From step 452, the system advances
to step 453 to determine whether ten copsecutive bad
samples have been received. If the answer is affirmative. the
systern advances to step 454 where an esror flag is set. This
represents a “no call” condition, which causes the bill
transport system to be stopped in the sare manner discussed
above in connection with FIG. 8A.

When a negative response is obtained at step 451, the
system advances to step 455 where the “*bad sample” count
is reset to 2ero, so that this count always represeats the
pumber of consecutive bad samples received. From step 455
the system advances to step 456 which determines when all
the samples for a givea bill have been checked. As long as
step 456 yiclds a ncgative answer. the system continues to
retricve successive samples at step 450, Whea an affirmative
answer is produced at step 456, the system returms to the
main program at step 457.

Tt is desirable to maintain a predetermined space between
each peir of successive bills to facilitate the resetting of the
scanning system between the trailing edge of the scanned
area on onc bill and the leading borderline on the next bill
The routine for performing this spacing check is illustrated
in FIQ, 23. ‘This routinc begins with step 500, which checks
the output signals from the sensors S1 and S2 to determine
when the leading edge of a bill is detected by cither sensor.
The detection of & prodetermined change in the output from
cither sensor SI or S2 advances the system to step 501,
which determines whether the detected output change is
from the first sensor to see the leading edge of a bill, Xf the
answer is affirmative the system returns to the main program
at step 503. A negative responsc at step 501 advances the
system to step 504 to determmine whether the spacing check
isdoneyet.lftbeanswa‘ls“yca. the system returns to the

. .1oain program. If the answer is “no,” step 505 determines

whether & spacing check is (0 be performed, based on
whether the first bill in a new stack of bills placed in the
CRU has been detected. That is, there is no need to indtiate
a spacing check uatil the first bill reaches the sensors S1 and
S2. Thus, a negative answer at step 508 returns the system
to the main program, while an affirmative answer advances
the system to step $06 which compares the actual spacing
count, ic.. the number of cncoder pulses produced afier
detection of the leading edge of the bill, to a preselected
minimum spacing count retricved from memory. If the
actual spacing count is above the preselected minimum,
there is no error and consequeatly the next step 507 yields
& negative response. indicating that there is no spacing error.
The negative response sets a “spacing emror checked” flag at
step 509. If the actual spacing count is below the preselected
minimum; step $09 detects a spacing error and consequently
produces an affirmative response which sets an error flag at
step 568, The system thea returns to the main program at
step 503. It is this flag that is read at step 504,

A routine for automatically monitoring and making any
necessary corrections in various line voltages is illustrated in
FIG, 24. This routine is useful in automatically compensat-
ing for voltage drifts due 10 temperature changes, aging of
components and the like. The routine starts at step 550 which
reads the output of a line sensor which is monitoring 2
selected voltage. Step 551 determines whether the reading is
below 0.60, and if the answer is affirmstive, step 552
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determines whether the reading is above 0.40. If step 552
also produces an affirmative respoase, the voltage is within
the required range and thus the system retumns to the main
program step 553, If step 851 produces a negative response,
an incremental correction is made at step §54 to reduce the
volugelnmmemptwmmiltothedewedmgc.
Similarly, if a negalive responsc is obtained at step 552, an

cremental cogrection is made at step 555 to inarcase the
voltage toward the desired range.

We claim:

1. A currency cvaluation device for receiving a stack of
currency bills and rapidly evaluating all the bills in the stack.
said device comprising:

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

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

& transpart mechanism for transporting said bills, one at a
time, from said input receptacle to said output recep-
tacle along a transport path;

a discriminating unit for evaluating said bills, said dis-
criminating unit including a detector positioned along
said transport path between said input receptacle and
said output receptacle, said discriminating unit count-
ing and determining the denomination of said bills; and

means for flagging a bill when the denomination of said
bill is not determined by sald discriminating unit.

2. The curency cvaluation device of claim 1 wherein said
means for flagging causes said transpart mechagism to halt
with said bill whose denomination has not been determined
being the last bill transported to said output receptacle.

3. The currency evaluation device of claim 2 wherein said
detector of sald discriminating unit includes a stationary
optical scanning head for scanning at least a preselected
segment of each bill wransported between said input and
output receptacles by, said transport mechanism, and pro-
ducing an output signal representing the scanncd image and
wherein said discriminating unit includes signal processing
racans for receiving said output signal and determining the
depomination of each scanned bill

4. The currency cvalustion devicc of claim 2 whercin said
transport mechanism transports bills at a rate of at least
about 800 bills per minute.

5. The aurency evaluation device of claim 2 wherein said
bill whose denomination has not been determined is
removed from the device befare said transport mechanism is
restarted.

6. The currency evaluation device of claim 1 wherein said
detector of said discriminating unit includes a stationary
optical scanning head for scanning at least a preselected
segment of each bill transported between said input and
output receptacles by safd transport mechanism, and pro-
ducing an output signal representing the scanned image and
wherein said discriminating unit includes signal processing
means for receiving said output signal and detenmiping the
deromination of each scanped bill.

7. The anrency evaluation device of claim 1 wherein said
transport mechanism transports bills at a rate of at least
about 800 bills per minute.

8. The currency evaluation device of claim 1 wherein said
trapsport mechanism transports bills at a rate of at least
about 1000 bills per minute.

9. The currency evaluation device of claim 1 wherein said
means for flagging causes said transport mechanism to halt.

19. The cumrency cvaluation device of claim 9 wherein
said transport mechanism transports bills at a rate of at least
about 800 bills per minute,
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1L The cumreocy evaluation device of claim 9 wherein
said transport mechagism transports bills at a rate of at feast
about 1000 bills per minute.

12. The currency cvaluation device of claim 9 wherein
said bill whose depomination bas not been determined is
removed from the device before said transport mechanism is
restarted.

13. A document evaluation device for recelving a stack of
dociments and rapidly evaluating all the documents in the
stack. said device comprising:

an input receptacle for receiving a stack of documents to
be cvaluated, genuine ones of ssid documents cach
having onc of a plurality of images thercon, said
plurality of images defining  plurality of document
types;

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

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

a discriminating unit for evaluating said documents, said
discriminating unit iocluding a detector positioned
along said transport path between said input receptacle
and said output receptacle, said discriminating unit
being capable of distinguishing among said pluratity of
document types by scanning the image on each of said
doaunents, said discriminating unit counting and deter-
mining the document type of said documents; and

means for flagging a document when the type of said
document {s not determined by said discriminating unit.

14. The document evaluation device of claim 13 wherein
said means for flagging Causes said transport mechanism to
halt with said document whose type has not been determined
being the last document ransported to said output recep-
tacle.

15. The document cvaluation device of claim 14 wherein
said transport mechanism transports bills at a rate of at least
about 800 bills per minute.

16. A method of counting and discriminating currency
bills of different denominations using a aurrency evaluation
device comprising the steps of:

recelving 8 stack of bills to be evaluated in an input
receptacle of the evaluation device;

transporting, under control of the evaluation device, said
bills, onc at a time, from said ioput receptacie to a
single output receptacie of the cvaluation device;

counting and determining the denomination of said bills
under control of the evaluation device; and

flagging a bill when the denomination of said bill can not

be determined under contral of the evaluation device.

17. The method of claim 16 wherein said flagging step
comprises halting said transporting of sald bilis in said stack
with said bill whose denomination has not been determined
being the last bill transported to said output receptacle.
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18, The method of claim 17 wherein said step of deter-

mining the denomination of said bills conaprises scanning by
a stationary optical scanping head at least a preselécted
scgment of each bill transported between said input and
output receptacies, and producing an output signal repre-
scating the scanned image.

19. The method of claim 17 wherein said step of trans-
porting bills is performed at a rate of at least about 800 bills
per mioute.

2. The method of claim 19 further comprising the step of
removing, under the contro! of an operator of the evaluation
device, said bill whose denomination has not been deter-
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roined from the evaluation device after said transporting step
has been halted.

21. The method of claim 17 wherein said step of trans-
porting bills is performed at a rate of at least about 1000 bills
per minute.

22. The method of claim 16 wherein sald step of deter-
mining the denomination of said bills comprises scanning by
a statiopary optical scanning head at lcast a preselected
segment of cach bill transported between said input and
output receptacies, and producing an output signal repre-
senting the scanned image.

23. The method of claim 16 wherein said step of trans-
pm'nngbﬂlsxspufctmedatamofatleatahomsoobﬂls

M.Tbemﬂodofdwnlﬁwham said step of trans-
porting bills is pesformed at arate of at least about 1000 bills
per minute.

25. The method of claim 16 whercin said step of flagging
comprises haiting said step of transporting bills.

26. The method of claim 25 further comprising the step of
removing, under the control of an operator of the evaluation
device, said bill whose denomination has not been deter-
mined from the cvaluation device after said transporting step
has been halted.

27. The method of claim 26 further comprising the step of
resuming said transporting step after said bill whose
denomination has not been determined has been removed
from the evaluation device.

28. A method of counting and discriminating docurnents
of different types using a document evaluation device com-
prising the steps of:

receiving a stack of documents to be evaluated in an input
receptacle of the evaluation device. genuine ones of
said documents cach having onc of a plurality of
images thereon, seid plurality of images defining a
plurality of document types;

transporting, aader control of the evaluation device, said
documents, one at a time, from sald input receptacie to
a single output receptacle of the evaluation device;

counting and detexmining the type of said documents
under control of the-evaluation device, said evaluation
device distinguishing among said plurality of document
types by scanning the image on cach of said docu-
ments; and

flagging & document when the type of said document can
not be determined under control of the cvaluation
device.

29. The method of claim 28 wherein said flagging step
compriscs halting said trapsporting of said documents in
said stack with said document whose type has not been
determined being the last documeat transported to said
output receptacle.

38, A currency evaluation device for receiving a stack of
curvency bills and rapidly evaluating all the bills in the stack,
said device comprising:

an input receptacie for receiving & stack of bills to be
evaluated;

at least one output receptacle for receiving said bills after
said bills have been evaluated;

a transpart mechanism for transporting said bills, one at a
time, from said input reccptacle to said output recep-
tacle along a trapsport path;

a discriminating unit for evaluating said bills, said dis-
criminsting uait including a detector positioned along
said transport path between sald input receptacie and
said output receptacle, said discriminating unit count-
ing and determining the denomination of said bills; and
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means for flagging a bill when the denomination of said
bill is not detcrmined by said discriminating unit,
wherein said means for flagging causes said transport
mechanism to halt.

31. The anzency evaluation device of daim 30 wherein
said means for flagging catiscs sald transport mechanism to
hait with said bill whose denomination bas not been deter-
mined being the last bill transported to said output recep-
tacle.

32. The anxrency evaluation device of claim 31 wherein
said transport mechanism transparts bills at a rate of at least
about 800 bills per minute.

33, The cumency evaluation device of claim 31 wherein
said bill whose denomination has not been determined is
removed from said output receptacle befare said transport
mechanism is restarted.

34. The cusrency evaluation device of claim 30 wherein
said bill whose denomination has not been determined is
removed from the device before sidid transport mechanism is
restarted.

35, The cumency evaluation device of claim 30 whercin
said trauspost mechanism transports bills at a rate of at least
about 800 bills per minute.

36. The cumrency evaluation device of claim 38 wherein
said transport mechanisi transports bills at a rate of at least
about 1000 bills per minute,

37. A currency counting and evaluation device for receiv-
ing a stack of currency bills. rapidly counting and evaluating
all the bills in the stack, and then re-stacking the bills, said
device comprising

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

a bill oransport mechanism for transparting bills, in the
direction of the narrow dimension of the bills, from said
feed station to a stacking station, at a rate in excess of
about 800 bills per minute;

a statiopary optical scanning head Jocated between said
feed and stacking stations for scanning a preselected

--segment of a ocentral partion of each bill X
besween said stations by said transport mechanism, said
scanning head including at least one light source for
illuminating a strip of sald preselected segmest of a
bill, and at least one detector for receiving light from
the lluminated strip on the bill and producing an output
signal representing variations in the intcnsity of the
recelved light;

means for sampling said output signal at preselected
intervals as a bill is moved across said scanning head in
the direction of the narrow dimension of the bill, cach
of said output signal samples being proportional to the
intensity of the light received from a different strip of
said preselected segment of a bill;

a memary for storing characteristic signal samples pro-
duced by scanning said preselected segmeats of bills of
different denominations with said scanning head and
sampling said output signal at said preselected
intervals, each of said stored sigoal samples being
proportional to the intensity of the light received from
a different strip of said presclected segment of a bill;
and

signal processing means for receiving said signal samples
and (1) determining the denomination of each scanned
bill by comparing said stored signal samples with said
output signal samples produced by the scanning of each
bill with said scanping head, (2) counting the number
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of scanned bills of each denonination. and (3) accu-
mulating the cumulative vatue of the scanned bills of

cach denomination.
38. The currency cousting and evaluation device of clatm
s 37 which includes an encoder coupled to said transport
mechanisin for monitocing the movement of each bill by
producing a repetitive tracking signal synchromized with
incremental movements of sald transport mechanism. and
means urging each bill into firm engagement with said
transport mechanism and said scanning bead to ensure a
onship between the increments of movement of
cach bill and the comesponding incremeats of movemeant of
said transport mechanism which is synchronized with said

encodex.

39, The currency counting and evaluation device of cléim

15 38 which includes means for sampling said output signal at

incements synchronized with said repetitive tracking signal,
and at the same incremeats used in said characteristic signals
stored in s2id memory.

48, The currency counting and evaluation device of claim

20 37 wherein said transport mechanism is driven at a control-

lable speed.
41. The counting and evaluation device of claim

37 wherein said detector in said scanning heed is a single
photodetector which produces an electrical output signal

25 proportional to the intensity of the light received from the

scanned bill.

42. The currency counting and evaluation device of claim
37 whesein said strips are dimensioned so that at least 50
different strips can be scanned in the direction of the narrow

30 dimension of cach bill.

43. The cursency counting and evaluation device of claim
37 which includes means for detecting a borderline around
the image printed on cach bill, and wherein said preselected
segment is located inside said borderline, and the scanning

3s of said preselected scgment is initiated at a prescribed

interval following the detection of said borderline.

44. The currency counting and evaluation device of claim
37 wherein said preselected segment of each bill is located
in the ceatral region of the bill

40 45, The cumrency counting and evaluation device of claim

37 wherein said feeding and stacking stations are both
located at the front of said device, and said

mechanism camrics bills rearwardly away from said feed
station and then returns the bills farwardly to said stacking

4S station.

46, The curreacy counting and evaluation device of claim
45 wherein said transport mechanism forms a linear path for
said bills on the upstream side of said stacking station, and
said scanning head is located along said lincar path.

56 47. The currency counting and evaluation device of claim

37 wherein said presclected segment of each bill is scanned
in less than one tenth of a second.

43, The curreacy counting and cvaluation device of claim
37 wherein said light source illuminates said preselected

55 segment of each bill from opposits sides of said detector.

49. The curreacy counting and evaluation device of claim
37 which includes means for controlling the movement of a
selected bill between said scanning head and the stacking
station for that bill in response to the determination of the

60 depomination of a

bill
§0. The currency counting and cvaluation device of claim
49 wherein said controlling means stops the movement of
said sclected bill between said scanning head and the
stacking station for that bill.

65  S1 The currency counting and cvaluation device of claim

49 wherein said coptrolling means decelerates said selected
bill before stopping the movement of that bill.
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82. The currency counting and evaluation device of claim
49 wherein the denomination of each bill is determined
before leading edge of that bill reaches the stacking station
for that bill.

§3. The currency counting and evaluation device of claim
49 wherein said stacking station is spaced from said scan-
ning head by a distance that is less than the width of two of
said bills.

$4. The currency counting and evaluation device of claim
37 which includes signal processing means responsive to the
output signals from said detector for determining the
denomination of each scanned bill before that bill has been
advanced to a stacking station, and

means responsive to sald signal processing means for
altering the movement of a scanned bill in response to
the denomination determination for that bill, before that
bill is advanoed to a stacking station.

§5. The currency counting and evaluation device of claim
37 wherein said bill transport mechanism transports bills, at
a rate of at Jeast about 1000 bills per minute,

56. A currency counting and cvaluation device for receiv-
ing a stack of currency bills, rapidly counting and evaluating
all the bills in thé stack, and then re-stacking the bills, said
device comprising

a feed mechanism for recciving a stack of currescy bills
and feeding said bills, onc at a time, to & bill transport
mechanism;

said bill tansport mechanism transporting bills from said
feed mechanism to a stacking station, at arate in cxcess
of about 800 bills per minute;

an optical scanning head located between said feed
mecheanism and sald stacking station for scanaing a
preselected segment of a central partion of each bill
transported between said stations by said transport
mechanism, said scanning head including at least one
light source for illuminating a strip of said preselected
segment of a bill. and at least one detector for recciving
light from the illumiMch strip on the bill and produc-
ing sp output signal representing variations in the

- ln(enslty of the recelved light;

means for sampling said output signal at preselected
intesvals as a bill is moved across said scanning head,
cach of said output sigoal sarnples being proportional to
the intensity of the light received from a different strip
of said preselected segment of a bill;

a memory for storing characteristic signal samples pro-
duced by scanning said preselected segments of bills of
differcnt denominations with said scanning head and
sampling said output signal at said preselected
intervals, each of said stored signal samples being

1o the intensity of the light received from
a different strip of said preselected segment of a bill;
and

signal processing means for receiving said signal samples
and (1) determining the denomination of each scanned
biil by comparing sald stored signal samples with said
output signal samples produced by the scanning of each
bill with said scanning head. (2) counting the number
of scanned bills of cach denomination, and (3) accu-
mulating the cumulative value of the scanned bills of
each denomination,

§7. The currency counting and evaluation device of claim
56 which includes an cpcoder coupled to sald transport
mechanism for monitoring the movement of each bill by
producing 2 repetitive tracking signal synchronized with
incremental movements of said transport mechanismn, and
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means urging cach bill into finn engagement with said
transport mechapism and said scanning head to cosure a
fixed relationship between the increments of movement of
each bill and the comesponding increments of movement of
said transport mechanism which is synchronized with said
encoder.

58. The cutrency counting and evaluation device of claim
57 which includes means for sampling said output signal at
increments synchronized with said repetitive tracking signal,
and at the same increments used in said characteristic signals
stored in said memory.

59. The currency counting and evaluation device of claim
86 whercin said transport mechanism is driven at a control-
lable speed.

€0. The currency counting and evaluation device of claim
86 wherein said detector in said scanning head is a single
photodetector which produces an clectrical output signal
proportional to the inteasity of the light reccived from the
scanned bill.

61. The currency counting and evaluation device of claim
86 whercin said strips are dimensioned so that at least SO
differeut strips can be scanned from each bill

62 The currency counting and evaluation device of claim
56 which includes means for detecting a borderline around
the image printed on cach bill. and wherein said preselected
segment is located inside said borderline, and the scanning
of sald preselected segment is initisted at a prescribed
interval foflowing the detection of said borderline..

63. The cutrency counting and evaluation device of claim
86 wherein said preselected segment of cach bill is located
in the central region of the bill.

64. The currency counting and evaluation device of claim
56 wherein said feed mechanism and said stacking station-
are both located at the front of said device, and said transport
mechanism carries bills rearwardly away from said fecd
mechanism and then returns the bills forwardly to said
stacking station.

65. The cutrcacy counting and cvaluation device of claim
64 wherein said ransport mechanism fonns 2 lincar path for
said bills on the upstream side of said stacking station, and
said scanning head is focated along said lincar path.

66. The currency coumting and evaluation device of claim
56 wherein said preselected segmeant of cach bill is scanned
in less than onc tenth of a sccond,

67. The cusrency counting and evaluation device of claim
56 wherein said light source illuminates s2id preselected
segment of each bill from opposite sides of said detector.

68. The cusrency counting and evaluation device of claim
56 which includes means for controlling the movement of a
sclcacdbmbetwccnsaidsunmngbududthemhng
station for that bill in mponsc to said determination of the
denominatiop of & preceding bill.

69. The currency counting and evaluatiop device of claim
68 wherein said controlling means stops the movement of
said sdected bill between said scanning head and the
stacking station for that bill.

70, The currency counting and evaluation device of claim
68 wherein said controlling means decelerates said selected
bill before stopping the movement of that bill.

71. The currency counting and evaluation device of claim
68 whereln the denomination of cach bill is determined
before the lcading edge of that bill reaches the stacking
station for that bill.

72. The currency counting and evaluation device of claim
68 wherein said stacking station is spaced from said scan-
ning head by a distance that is less than the length of two of
said bills in the direction said bills are being moved.

Case 2:09-cv-00865-RTR Filed 09/09/09 Page 54 of 55 Document 1



5,692,067

- 37
73. The currency counting and evaluation device of claim
56 which includes signal processing means responsive to the
output signals from said detector for determining the
depormination of each scanned bill before that bill has been
advanced to a stacking station, and
means responsive to said signal processing means for
altering the movement of a scanned bill in response to
the denomination determination for that bill, before that
bill is advanced to a stacking ststion.

74. The currency counting aad evaluation device of claim 10

586 wherein said bill transpart mecharism transports bills. at
a rate of at Jeast about 1000 bills per minute.

75. A currency counting and evaluation device for receiy-
ing a stack of currency bills. rapidly counting and evaluating
all the bills in the stack, and then re-stacking the bills, said
device comprising

a feed mechanism for receiving a stack of currency bills

and feeding said bills. one at a time, to a bill transport
mechanism;

said bill transport mechanism transporting bills from said
feed mechanism to a stacking station, at a rate in excess
of about 800 bills per minute;

an optical scanning head located between said feed
mechanism and said stacking station for scanping a
presclected segment of a central portion of each bill
transported between said stations by sald tramsport
mechanism, said scanning head including at least one
light source for illuminating a strip of said preselected
segment of a bill, and at least one detector for recciving
light from the illuxpinated strip on the bill and produc-
ing an output signal represeating variations in the
intensity of the received light;

means for sampling said output signal at presclected
intervals as a bill is moved across sald scanning head,
each of said output signal samples being propartional 1o
the intensity of the light received from a different strip
of said preselected segment of a bill;

a memory for storing characteristic signal samples pro-
.duced by scanning said preselected segments of bills of
different denominations with said scanning head and
sampling said output signal at said presciected
intervals, each of said stored signal samples being
proportional to the intensity of the light received from
a different strip of said presclected segment of a bill;
and

signal processing means for receiving said signal samples
and (1) detamining the depomination of each scanned
bill by comparing said stored signal samples with said
output signal samples produced by the scanning of each
bill with said scanning head, (2) counting the number
of scanned bills of cach deaomination, said sigual
processing means being capable of determining the
denomination of cach scanned bill by comparing stoced
signal samples and output signal samples associated
only with scanning said central portion of each bill, and
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(3) accumulating the cumulative value of the scanned
bills of each denomination.

76. A currency evaluation device for receiving a stack of
cusrency bills and rapidly evaluating all the bills in the stack,
said device comprising:

mlnpuueoepuclefoneedvmg a8 stack of bills to be

a smgle ou(putreeepuclc for receiving said bills after said

bills bave beea evaluated;

au'anspottmechanumforuuspuﬁng said bills, onc at a
" time, from said input receptacic to said output recep-
tacle along a transport path;

a discriminating unit for evaluating said bills, said dis-
criminating unit including a detector positioned along
said transport path between said input recepracic and
sald output receptacle, said discriminating unit count-
ing and determining the denomination of said bills; and

means for flagging a bill meeting or failing to meet a
certaip criteria.

20 77. The currency evaluation device of claim 76 wherein

said means for fagging a bill causcs said trapsport mecha-
nism to halt with said bill meeting or failing to meet said
certain critesia being positioned at an identifiable location in
said output receptacic.

78. The currency cvaluation device of claim 77 whercin
said certain criteria is said discriminating Gnit determining
the denomination of said bill and wherein said means for
flagging causcs said transpost mechanism to halt whep said
bill fails to rocet said criteria of baving its depomination
determined by said discriminating unit.

79. A cureacy evaluation device for receiving a stack of
currency bills and sapidly evaluating all the bills in the stack,

~said device comprising:

45

an input receptacie for receiving a stack of bills to be
evaluated;

a single output receptacie for receiving said bills after said
bills have beea evaluated;

a transport mechanism for transpacting said bills. onc at a
time, frotn said input receptacle to said output recep-
tacle along a transport path;

a discriminating unit for evaluating said bills, said dis-
criminating unit including 8 detector positioned along
said transport path between said input receptacie and
said output lecepucle, said discriminating unit count-
ing and determining the denomination of sald bills; and

means for halting said wransport mechanism when said
dasmmm&ingun(tdclccﬁabﬂlmecnngafnmngm
mect a certain criteria,

80. The currency evaiuation device of claim 79 wherein
said certain criteria is said discriminating unit determining
the denomination of said bill and wherein said means for
halting causes said transport mechanism to halt when said
bill fails to meet said criteria of having its denomination
determined by said discriminating unit.
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