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UNIVERSAL BANK NOTE DENOMINATOR AND VALIDATOR

DESCRIPTION

TECHNICAL FIELD

This invention relates to devices for identifying the type and validity
5 of documents. Specifically this invention relates to a device for identifying

the denomination and authenticity of currency notes.
BACKGROUND ART

Numerous devices have been previously developed for identifying
documents and determining their authenticity. Likewise, devices have been

10 previously developed for determining the denomination and authenticity of
bank and currency notes. Such devices commonly test different properties
of a presented note and based on the properties sensed, give an indication
of the denomination and/or authenticity of the presented note. All such
prior art devices have limitations.

15 Many prior art devices require precise alignment of the note during
sensing of its properties. This requires the device to include a mechanism
to align the notes and often limits the speed at which the notes can be
processed. In addition, some devices require that presented notes be
oriented in a particular way as they are sensed. This Iimits their usefulness

20 as notes are often not presented in a uniform orientation.

Many prior art devices for determining note denomination and
validity are capable of processing only a small number of note types. This
presents drawbacks as other note types cannot be processed. Such prior art
devices are also generally made to be used with only one type of currency

25 such as the currency of a particular country. Often it is difficult or
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impossible to adapt such devices to handle currencies of countries which
have different physical properties. Furthermore, it may be difficult to
adapt such devices to a new printing series of notes within the same
country.

Many prior art devices are also amenable to compromise by
counterfeit notes. It is becoming easier to produce highly accurate
counterfeit reproductions of currency. By mimicking the properties of a
note that are tested by prior art currency denominators and validaters, it 1s
often possible to have counterfeit notes accepted. _

To minimize the risk of acceptance of counterfeits, the range of the
acceptance criteria in prior art devices can often be set more closely.
However, currency notes in circulation change properties through use fairly
quickly. Notes in circulation may change their properties through handling
and wear. Notes may become dirty or marked with ink or other
substances. Notes may also lose their color due to having been mistakenly
washed with clothing or exposed to water or sunlight. Prior art currency
denominators and validaters may reject valid notes which exhibit such
properties when the criteria for acceptance is set too tightly.

Note denominators and validaters currently available may also be
difficult to program and calibrate. Such devices, particularly if they must
have the capability of handling more than one type of note, may require
significant effort to set up and program. In addition, such devices may
require initial calibration and frequent periodic recalibration and adjustment
to maintain a suitable level of accuracy.

Prior art note denominators and validaters, particularly those having
greater capabilities, often occupy significant physical space. This Iimits
where they may be installed. In addition, such devices also often have a
relatively high cost which limits their suitability for particular uses and

applications.
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Thus, there exists a need for a currency note denominator and
validater which 1s more accurate, has greater capabilities, is faster, smaller

in size, and lower 1n cost.
DISCLOSURE OF INVENTION

5 It 1s an object of the present invention to provide an apparatus that
indicates the identity of a note.

It 1s a further object of the present invention to provide an apparatus
that indicates the identity of a note, that operates rapidly.

It 1s a further object of the present invention to provide an apparatus

10 that indicates the identity of a note, that does not require that the note have
a particular alignment or orientation.

It 1s a further object of the present invention to provide an apparatus
that indicates the 1dentity of a note, that identifies notes exhibiting a variety
of wear and aging conditions.

15 It 1s a further object of the present invention to provide an apparatus
that indicates the identity of a note, that is capable of handling a wide
variety of sizes and types of currency notes.

It 1s a further object of the present invention to provide an apparatus
that indicates the identity of a note, that may be readily set up for

20 operation.

It 1s a further object of the present invention to provide an apparatus
that indicates the identity of a note, that is compact in size.

It 1s a further object of th(;: present invention to provide an apparatus
that indicates the identity of a note, that is economical to use and

25 manufacture.

It 1s a further object of the present invention to provide an apparatus

that indicates the identity of a note, that is reliable.
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It is a further object of the present invention to p*rovide a method
for identifying a type associated with a note.

It is a further object of the present invention to provide a method
for identifying a type associated with a note, that is accurate.

5 It is a further object of the present invention to provide a method
for identifying a note, that is capable of identifying notes having various
wear and aging conditions.

[t is a further object of the present invention to provide a method
for identifying a note, which can be used with a wide variety of notes of
10 various orientations.
It is a further object of the present invention to provide a method
for identifying notes, that can be performed rapidly by a control circuit.
It is a further object of the present invention to provide a method
for identifying a note, that can be used to identify notes that are not
15 consistently aligned or in a particular orientation.
Further objects of the present invention will be made apparent in the
following Best Modes for Carrying Out Invention and the appended claims.
The foregoing objects are accomplished in a preferred embodiment
of the invention by an apparatus and method for providing an indication of
20 the type of a note. The apparatus is preferably used for providing signals
indicative of a denomination of a currency note. This apparatus may also
provide an indication of note orientation and/or note authenticity.
The invention is preferably used in connection with a transport for
moving notes. A plurality of spaced spot sensing assemblies are disposed
25 transversely to a direction of note movement in the transport. In a
preferred form of the invention, three spot sensing assemblies are used,
although other embodiments of the invention may include other numbers of
such assemblies.
Each assembly includes a radiation source which comprises a

30 plurality of emitters. Each emitter generates radiation at a different
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wavelength. In the preferred form of the invention four émitters are used.
The emitters generally span the range of visible light as well as infrared.

In the preterred form of the invention the emitters include in each assembly
red, green, blue and infrared emitters. Each of the emitters in an assembly
1s aimed to illuminate a spot on a passing note.

Each spot sensing assembly includes a first detector. The first
detector 1s positioned on a first side of the note as it passes in the transport.
The first detector is preferably positioned in centered relation with respect
to the emitters. The first detector senses radiation from the emitters
reflected from the test spots on the note.

Each assembly also includes a second detector. The second detector
1s positioned on a second side of the note opposite the first detector. The
second detector detects radiation from each emitter that passes through the
test spots on the note.

The apparatus of the invention includes a circuit in operative
connection with a data store. The circuit is operable to actuate each of the
emitters 1n each spot sensing assembly in a sequence. In accordance with
one form of the invention the sequence all of the emitters of the same type
produce radiation simultaneously while all of the other types of emitters are
off. Alternatively, the sequence may provide for emitters in the spot
sensing assemblies to be turned on at different times. However, in the
preferred embodiment only one emitter in each spot sensing assembly is
active at any one time while the sensors are being read. The emitters are
preferably activated in the sequence continuously.

The emitters are sequenced numerous times as the note in the
transport passes adjacent to the spot sensing assemblies. As a result, three
sets of test spots arranged 1n a line are sensed on each passing note.

For each test spot, the first detector which senses reflection
produces a first signal responsive to each emitter. Each first signal is

representative of the amount of radiation reflected from the test spot from a

PCT/US97/21790
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corresponding emitter. Likewise, the second detector préduces second
signals responsive to the amount of light transmitted through the test spot
on the note from each emitter.

The circuit is operative to receive the first and second signals from

S the first and second detectors respectively, and to generate retlectance and
transmission values in response thereto. For each test spot four reflectance
and four transmission values are generated. Likewise, for each row of
three test spots which are checked on the note simultaneously by the three
spot sensing assemblies, twelve reflectance values and twelve transmission

10 values are generated. In the preferred form of the invention generally
about 29 rows of test spots are sensed as the note moves past the spot
sensing assemblies. This results in the circuit generating about 348
reflective values and 348 transmission values per note.

The values in the data store correspond to reflectance and

15 transmission values for a number of note types 1n various orientations and
spatial positions. The circuit 1s operative to generate stored value sets from
the values 1n the data store. Stored value sets are generated based on the
angle of skew of the note, which is detected as 1t passes the sensing
assemblies. Numerous stored value sets are generated by the circuit, each

- 20 corresponding to a particular note, denomination, note orientation, and note
position.

The circuit 1s operative to calculate values representative of the
levels of correlation between the sensed value set of reflectance and
transmission values for the note, and each of the stored value sets. By

25 comparing the level of correlation between the sensed value set and the
stored value sets, a highest correlation value is determined. The highest
level of correlation will be with a stored value set that corresponds to the
particular denomination and orientation of the note which passed through
the transport to produce the sensed value set. The circuit 1s operative to

30 generate a signal indicative of the note type it identifies.
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In the preferred form of the invention the circuit is operative to
compare the highest correlation value with a set threshold value. Even
worn notes and those that have been subject to abuse exhibit a relatively
high level of correlation with a stored value set for the correct note type.

5 If however, the level of correlation is not above the set threshold, then the
note may not be identifiable, or it may be a counterfeit or it may be
identified and determined to be unfit for reuse. The circuit generates

signals indicative of these conditions.

——

BRIEF DESCRIPTION OF THE DRAWINGS

10 Figure 1 is a schematic of a preferred embodiment of the apparatus
for identifying notes of the present invention.
Figure 2 is an isometric schematic view of three spot sensing
assemblies sensing test spots on a moving note.
Figure 3 1s a schematic view of a spot sensing assembly.

15 Figure 4 is a schematic representation demonstrating how a set of

sensed data values from a test note is correlated with previously stored
value sets for a plurality of note denominations and orientations in the
operation of the apparatus of the present invention.
Figure 5 1s a schematic representation demonstrating the calculation
20 of a value representative of a level of correlation between a set of sensed
data values and a stored data value set for a particular note type.
Figure 6 1s a schematic representation of data sensed from three
spot sensing assemblies and the calculation of a value representative of a
level of correlation between the sensed value set and a stored value set.
25 Figure 7 is a schematic representation of values stored in a data
store of the preferred embodiment of the invention, and how this data is

correlated with a sensed value set.
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Figure 8 is a schematic view of a note passing thrbugh the apparatus
of the present invention in a skewed condition.

Figure 9 is a schematic representation of data generated by the
circuit of the invention responsive to signals from the spot sensing

5 assemblies for the skewed note shown in Figure 8.

Figure 10 is a tabular representation of the data shown in Figure 9
shifted for purposes of calculating a value representative of a level of
correlation.

Figure 11 is a schematic representation demonstrating how sensed

10 value data from a skewed note 1s correlated with data stored in the data
store of the ivention.

Figure 12 is a schematic representation showing the steps in the
correlation sequence carried out in the prefterred embodiment of the present
invention.

15 Figure 13 is a schematic view of the control circuit of the preferred
embodiment of the present invention.

Figure 14 is a graphical representation of retlectance signais
obtained from transversely disposed spot sensing assemblies for a skeWed
note, which signals are used by the control circuit to determine an angle of

20 skew.

Figure 15 is a schematic view of a skewed note and three

transversely disposed spot sensing assemblies which correspond to the data

graphically shown in Figure 14.

BEST MODES FOR CARRYING OUT INVENTION

25 Referring now to the drawings and particularly to Figure 1, there is
shown therein a preferred embodiment of an apparatus of the present
invention generally indicated 10. The apparatus includes a note transport

12. Transport 12 is preferably a belt-type transport that moves sheets such




10

15

20

25

30

WO 98/21697

CA 02271071 1999-05-03

9

as currency notes one at a time from an entry end 14 to ;m exit end 16.
Sheets such as notes move on the transport 12 in a note direction indicated
by Arrow A.

The apparatus of the present invention also includes a plurality of
spot sensing assemblies 18. The preferred form of the invention includes
three spot sensing assemblies which are spaced from one another in 2
direction transverse of the note direction of note movement (see Figure 3).

Each of the spot sensing assemblies includes a reflectance detector,
schematically indicated 20. Each spot sensing assembly 18 also includes a
transmission detector schematically indicated 22. As indicated in Figure 1
the reflectance detector 20 is in operative connection with, and outputs first
signals to, a controi circuit schematically indicated 24. The transmission
detectors 22 are also in operative connection with the control circuit 24,
and the transmission detectors output second signals thereto. Control
circuit 24 1s also in operative connection with a data store schematically
indicated 26 which holds stored values in a manner later explained.

The apparatus of the present invention may in certain embodiments
also include auxiliary validation sensors schematically indicated 28. The
auxiliary sensors 28 preferably detect properties of passing notes that are
not detected by the spot sensing assemblies. These auxiliary sensors may
Include, for example, magnetic type sensors or sensors for sensing
identification strips on passing notes or sheets. The auxiliary sensors 28 do
not form part of the present invention and are not further discussed herein.
It will be understood however, that many types of auxiliary sensors may be
used in connection with the present invention and the signals output by such
sensors are processed and analyzed in the control circuit 24 through
appropriate electronic components.

The spot sensing assemblies 18 are shown in greater detail in
Figures 2 and 3. Each spot sensing assembly includes a reflectance

detector 20, which in the preferred form of the invention includes a
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photocell. The reflectance detectors 20 are positioned on a first side of a
passing note 30 which is shown in phantom 1n Figure 2. The transport 12
moves note 30 past the spot sensing assemblies.

Each spot sensing assembly 18 includes four emitters 32. The
emitters 32 are positioned generally adjacent to, and in surrounding relation
of, each reflectance detector 20. Each spot sensing assembly includes
emitters with wavelengths which generally span the visible range of light
and infrared. In the described embodiment each spot sensing assembly
includes a blue emitter, a green emitter, a red emitter, and an infrared
emitter. In the preferred form of the invention, the emitters are light
emitting diodes (LEDs) which are selectively operable to produce generally
monochromatic light at a particular wavelength. In other embodiments of
the invention other types and- wavelengths of emitters may be used.

Each emitter 32 in a spot sensing assembly 1s oriented so as to
direct and focus radiation onto a test spot schematically indicated 34, which
is shown on the adjacent surface of a passing note. In the preferred form
of the invention, because there are three spot sensing assemblies, properties
of the note are sampled simultaneously at three test spots 34 which are
transversely spaced across the bill. As best shown in Figure 3, radiation
from the emitters 32 i1s reflected from each test spot 34 to the reflectance
sensor 20 of the spot sensing assembly. The reflected light 1s passed
through a lens 36 adjacent to each reflectance detector to further focus the
reflected light thereon.

Radiation from the emitters 32 also passes through each test spot on
the test note. The transmitted radiation passes to the transmission detector
22 of each of the spot sensing assemblies 18. In the preferred torm of the
invention each of the transmission detectors 22 includes a photocell. As a
result, when reflectance detector 20 senses radiation from one of the

emitters reflected from the test note, transmission detector 22

PCT/US97/21790



10

15

20

25

30

WO 98/21697

CA 02271071 1999-05-03

11

simultaneously senses radiation transmitted through the test note from the
same emitter.

In the preferred form of the invention the control circuit 24 is
operable to selectively actuate each of the emitters 32. The control circuit
actuates each type emitter in each spot sensing assembly individually, so
that only one emitter 1n a spot sensing assembly is producing radiation at
any time.

In one embodiment, the control circuit 24 is operative to activate the
same type emitter in each of the spot sensing assemblies 18 simultaneously.
For example, all the blue emitters in each of the spot sensing assemblies
are activated to produce radiation at the same time. Thereafter, all the blue
emitters go off and all the green emitters in each of the spot sensing
assemblies come on. Thereafter, the green emitters go off and the red
emitters come on. When the red emitters go off the infrared émitters come
on. The infrared emitters go off and the sequence repeats. Alternatively,
the emitters may be activated in a "marquee" style so that the particular
type emitter in each assembly is on for a time before it is read, and
emitters of the same type are read at different times. This approach has
the advantage that it enables the emitters to stabilize before being read by
the controller. Of course, the sequence of emitters may be different in
other embodiments.

The emitters radiate individually and in sequence rapidly such that
each emitter comes on one time for each test spot 34. The test spots
preferably are discrete and each of the emitters direct light onto generally
the same spot on the note during one sequence despite the fact that the note
1S moving.

As those skilled in the art will appreciate from the foregoing
description, each reflectance detector 20 produces four first signals for each
test spot 34. The four first signals are produced responsive to radiation

from the blue, green, red, and infrared emitters respectively. Similarly,

PCT/US97/21790
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each transmission detector 22 produces four second signzi_ls for each test
spot 34. There 1s one second signal for the radiation transmitted through
the test spot from each of the four emitters in the spot sensing assembly.

The control circuit 24 receives each of these first signals and is
operative to generate a reflectance value responsive to each signal
representative of the magnitude of light reflected by the note 30 from each
of the emitters. Likewise, the control circuit 24 is operative to generate
transmission values responsive to each of the four second signals from
ttansmission detector 22. Each of the transmission values are
representative of transmitted light through the test spot from each emitter.
Because there are three spot sensing assemblies 18 spaced transversely
across the note, the first circuit is operative to generate 12 reflectance
values and 12 transmission values for each row of 3 test spots 34 on the
note.

In the preferred form of the invention, the control circuit 24 is
operative to actuate the emitters 1n the spot sensing assemblies very
rapidly. This 1s done so the test spots are maintained discrete and compact.
A number of test spots are preferably sensed as a note moves past the three
spot sensing assemblies 18 1n the transport. In the preferred form of the
Invention, the spot sensing assemblies are actuated so that each spot sensing
assembly senses about 29 test spots on a standard U.S. currency note. This
means that generally (29 x 3 = 87) test spots are sensed on the average
note. Because 4 transmission and 4 reflectance values are generated per
test spot (87 x 8 = 696), about 696 data values per note are gathered.

The transport 12 1s preferably moved 1n such a speed that 15
standard U.S. currency notes per second are moved past the spot sensing
assemblies. Of course, in other embodiments different numbers of test
spots, data values and note speeds may be used.

A tfundamental advantage of the present invention is that the emitters

produce radiation which spans the visible range of light as well as infrared.
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This provides signals which test the validity of the note a£ a number of
different wavelengths in both the transmission and reflectance modes. This
enables the gathering of much more data concerning the note image and
material properties than prior types of note denominators and validaters.

S A further fundamental advantage of the present invention is that it is
capable of 1dentifying many types of notes in different orientations. As
later explained, the preferred form of the present invention does not require
that the notes be precisely aligned either in the note direction, or
transversely in the note path.

10 As schematically represented in Figure 4, a note which is delivered
to the present invention for identification and validation may be one of
many types. The preferred form of the invention is configured to identify
20 different denominations of notes. Of course, other embodiments of the
Invention may analyze different numbers of note denominations. However,

15 in the preferred form of the present invention, there is no requirement that
the notes delivered be oriented a particular way. Thcrefore, notes may be
delivered face up, face down, as well as with the top of the note leading,
or with the bottom of the note leading. To identify the note as a particular
type, the present mvention must be able to handle notes delivered in all

- 20 four orientations.

In Figure 4, a sensed value set 38, representative of a set of data
sensed from the test note is shown. As previously discussed, in the
preferred embodiment, this sensed value set will generally include a set that
1s 24 by 29. This is because each row of three test spots generates 24

25 values (12 reflectance and 12 transmission) and there are generally 29 rows
of test spots on the note.

The right side of Figure 4 shows stored value sets 40. In the
preferred form of the invention, the stored value sets are produced by the
control circuit 24. The sensed value set 38 generated from the note is

30 compared for correlation with each of the stored value sets 40. In Figure
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4, 80 stored value sets are shown. This 1s representativenof the 20 note
denominations multiplied by four possible orientations for each note type.

As will be later explained in detail, in the preferred form of the
invention, there are many more than 80 stored value sets to which the
sensed value set 1s compared. This i1s because the apparatus must
determine not only the particular note type ( from among 80 possible note
types and orientations), but must also determine the note type even though
the note position may be shifted either in the direction in which the note is
transported or transverse to the note direction, or may be skewed relative
to the direction of transport.

The process by which the control circuit calculates the values
representation of the level of correlation between the sensed valued set
(which is representative of the reflectance and transmission values from the
sensed note) and the stored value sets, 1s schematically represented in
Figure 5. For purposes of the correlation calculation carried out by the
control circuit 24, the sensed value set 38 1s considered to be (x) data. The
data values in the stored value set indicated 42 are considered to be (y)

data. The level of correlation 1s calculated in accordance with the

equation:
o xR0 W)
Xy 0,0,
where:
Cry 1s the correlation coefficient.
X, 1s the sensed value from the sensed value set data.
\z 1s the corresponding value in the stored value set.
U, is the average of the values in the portion of the
sensed value set being correlated.
U, 1s the average of the values 1n the corresponding

portion of the stored value set being correlated.
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g, 1s the standard deviation of the senséd values 1n the
portion of the sensed value set being correlated.

Is the standard deviation in the corresponding portion
of the stored value set.

As will be appreciated, the greater the correlation coefficient the
higher the level of correlation between the sensed value set and the stored
value set being compared. A high value is indicative that the stored value
set corresponds to the particular type test note that generates the data in the
sensed value set.

Turning now to Figure 6 there is schematically shown a sensed
value set 44 from a note that is moved past spot sensing assemblies 18. As
shown in the upper portion of Figure 6, sensed value set 44 is a matrix that
is 24 by 29. The lower portien of Figure 6 shows a similarly sized stored
value set 46 which is generated by circuit 24 from data in the data store 26
in a manner later explained.

In the preferred form of the invention each set comprising the three
columns of "x" values representing one color and mode in sensed value set
44 1s checked for correlation with corresponding values in the three
columns of stored value set 46. A correlation coefficient is calculated for
the values 1n each triple column set. The correlation coefficients for each
of the 8 triple column sets are then multiplied together by the control
circuit to obtain an overall correlation value indicative of a level of
correlation between the sensed value set and the stored value set.

In one form of the invention the correlation coefficient values for
reflectance mode values are first multiplied together to obtain an overall
correlation value for reflectance. Thereafter the same is done for all
correlation coefficient values for transmission mode values to obtain an
overall value for transmission. These overall values are then multiplied
together to calculate a final value indicative of correlation of the stored

value set and the test note.
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wher

Calculating the transmission and reflectance valués separately has
the advantage that the individual values can be analyzed individually by the
control circuit in accordance with its programming. This may be preferred
in some embodiments. For example, high correlation for overall
reflectance but not transmission may be indicative of some quality of the
note that may warrant taking it out of circulation.

Other embodiments may combine correlation values in other ways,
such as by wavelength or radiation. The combination of correlation values
for analysis may differ in other embodiments depending on the notes and
properties of interest. The present invention, because the stored value sets
generated are arranged 1n matrices, can analyze certain physical areas on
notes in detail through programming of the control circuit. Thus in
embodiments of the invention the manner in which sensed and stored value
sets are generated and correlation values calculated may be tailored to note
properties and areas of interest.

The particular type of note passing through the apparatus of the
invention, is generally indicated by the stored value set having the highest
overall level of correlation with the sensed value set. This stored value set
corresponds to one note type, for example, a particular note denomination
in a particular orientation. Once the control circuit determines the stored
value set with the highest level of correlation, it then indicates the
particular type of note that it has determined the passing note to be by
generating a signal indicative thereof.

In some embodiments it 1s also desirable to point out situations
where the passing note has a relatively low level of correlation with all of
the possible note types. This may be indicative of a counterteit note, a
foreign note or currency that is unacceptable for reuse due to tears, dirt,
wear, or extraneous markings. The control circuit 24 1s operable to
provide an indication not only of the identity of the note type which best

correlates with the sensed value set, but also to indicate when the calculated
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highest level of correlation 1s below a set threshold whic:h suggests a
counterfeit or unacceptable note.

Alternatively, the control circuit of the apparatus of the present
invention may be configured to include several set thresholds for

correlation. These may correspond to notes which are suspect as

- counterfeit or severely damaged, and notes which merely exhibit signs of

wear, age or abuse which make them unacceptable for return to circulation.
Because the preferred form of the present invention provides data which
accurately 1dentifies notes by denomination despite wear, dirt and
extraneous markings, 1t 1s possible to make such judgments concerning the
quality of a note as well as to identify its type.

The present invention also provides data which may be used
advantageously specifically for counterfeit detection purposes. The ability
of the invention to test both transmission and reflectance across a broad
spectrum of radiation, and to compare sensed data to stored values for
proper notes, enables the setting of thresholds for particular wavelengths of
radiation. Some wavelengths of radiation may provide data more indicative
than others of counterfeit or unacceptable notes. This is particularly true in
countries which have currency notes that include different color schemes
for different denominations. The control circuit of the present invention
may be programmed to abstract and analyze particular abstracted
correlation data for this purpose.

While 1n the embodiment of the invention previously described,
correlation coefficients are calculated for sets which correspond to 3
columns of data and these correlation coefficients are then combined, other
embodiments may use sets comprised of other portions of the sensed data
for purposes of calculating the correlation coefficients. These correlation
coefficients may then be combined to produce a final value indicative of
correlation with the stored value data. For example, correlation values

may be calculated between each column or line of sensed data and stored
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data. These correlation values may then be combined. Altematively,
correlation values based on 12 columns associated with each mode
(transmission / reflectance) may be calculated and then the 2 values
combined. Alternatively, a single correlation value for all data in the
d sensed and stored value sets may be calculated. The approach of

calculating correlation coefficients for 3 columns of data and then
combining them as described has been found to work well for U.S.
currency. However, for other types of notes or documents, or for other
forms of sensing hardware, other approaches to calculating correlation

10 coefficients and then combining them, may also be found to work well 1n
indicating the identity of the test note or document.

Referring again to Figure 6, it should be noted that in the
embodiment of the invention shown that generally the first four rows of
sensed data and generally the last three rows of such data, are not

15 correlated with the stored value sets when the bill i1s transversely aligned in
the note path. Generally, the calculation of the level of correlation 1s made
between sensed value sets and stored value sets comprising 22 rows and 24
columns. As later explained, the first four rows of data sensed from the
note and the last at least three rows, are generally used to calculate whether

20 the note i1s skewed 1n the transverse direction of the bill path as well as to
confirm that the note is the proper length. If the note 1s skewed the control
circuit generates stored value sets by selecting values from the data store
which are correspondingly transposed to correspond to the calculated angle
of skew. Further, as can be appreciated by those skilled in the art, if a

25 note is "longer" than a proper note, such that it produces data for more test
spots than it should, it is identified as a suspect or counterfeit note by the
control circuit and is rejected or treated accordingly.

In the preferred embodiment of the invention, notes passing the spot
sensing assemblies on the transport need not be aligned either in the note

30 direction or in a transverse direction to be identified. To achieve this, the
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data store includes data for all of the identifiable note ty;;es at a much
closer spacing than the spacing between test spots detected by the spot
sensing assemblies as a note passes. In the preferred form of the

invention, the data is collected and stored for increments that are one-fourth
the spacing between the test spots on a note passing in the transport. Of
course, 1n other embodiments of the invention other increments may be
used.

In Figure 7 a sensed value set 38 is schematically represented. A
first template 48 1s representative of a particular type of note denomination
that passes in centered relation relative to the 3 spot sensing assemblies in
the transport. As a result, it 1s indicated in Figure 7 as having a "0"
offset. The values shown in first template 48 are the 24 transmission and
reflectance values for a note of a particular type at increments one-fourth
the distance between the test spots on a passing note. Thus, in the
preferred embodiment, first template 48 would be a matrix of 24 by (29 x
4) 116 values.

Stored value sets for comparison to a sensed value set are derived
from template 48 by the control circuit by taking the values in every fourth
line from the template. In other words, the data in lines 1, 5, 9, 13, and
SO on, correspond to a note in a particular position relative to the direction
a note moves in the transport. Similarly, lines 2, 6, 10, 14, and so on
correspond to the same type of note in another position relative to the note
direction.

From the template 48, the control circuit generates stored value sets

corresponding to the particular note type to which template 48 corresponds

In varied positions relative to the note transport direction.

In Figure 7, second template 50 corresponds to the same note type
as note 48. Second template 50, however, has reflectance and transmission
values for test spots on the note offset a transverse increment from the test

spots which produced the values in first template 48. By taking every
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fourth line of values trom template 50 the control circui{ generates stored
value sets for the particular type of note, transversely offset from the
centered position and 1n various positions relative to the direction of note
transport.

Third template 52 shown in Figure 7 corresponds to the same type
of note as templates 48 and 50. Template 52 contains values corresponding
to test spots on the note shifted transversely from the zero offset position in
an opposed direction from template 50. Third template 52 is also a matrix
of 24 by 116 values. Stored value sets are produced therefrom by the
control circuit by abstracting every fourth line of values.

In the preferred embodiment of the invention, templates are
provided for test spots at several transversely offset positions. This enables
notes to be disposed from the centerline of the note path, as well to have a
leading edge that 1s not aligned with any reference, and still be identified.

The process of inputting the data necessary to produce the templates
i1s accomplished in the preferred embodiment during a set up mode of the
apparatus. In the set up mode, stored value data 1s generated by
positioning a note of each type in the transport. Data 1s gathered by each
spot sensing assembly from 116 lines of test spots instead of the 29 lines
which is the usual number for a sensed note. This can be accomplished by
static positioning of the note or, alternatively, by moving the note at a
speed which enables the spot sensing assemblies to be sequenced sufficient
times to gather the data for storage in the data store.

During the set up mode, the notes are sensed while centered in the
transport path as well as disposed transversely from the centered or "zero
offset" position, so that the templates for notes that are transversely offset
In increments are generated and stored. The ability to set up the device by
using actual currency and passing it through the transport enables set up of

forms of the apparatus in a rapid and reliable fashion. This i1s desirable
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where this data must be gathered for twenty notes, each _of which has four
orientations and several offset positions.

In one embodiment of the invention, templates are produced for four
offset positions in each transverse direction from the zero offset position.
These templates are offset in increments of one-eighth of an inch. This
means that a note passing through the transport may be positioned within
one half inch in either transverse direction of the zero offset position and
still be accurately 1dentified.

In other embodiments of the invention it is feasible to gather and/or
compute the stored values experimentally and store them in templates in the
data store. Alternatively, such templates may be produced in a separate
machine and then loaded into the data store of the apparatus. Provided the
data 1s accurately gathered, the apparatus will properly indicate the type of
note sensed.

The process by which the apparatus of the present invention
calculates a level of correlation and determines the identity of a note is
schematically represented in Figure 12. It should be understood that in the
operation of apparatus 10 the control circuit 24 actuates the emitters of
each of the spot sensing assemblies 18 in the sequence on a continuing
basis. A note can arrive at any point during the sequence. As the note
moves adjacent to and then passes the three spot sensing assemblies 18, the
control circuit gathers the data at a step 54. The data gathered is arranged
In memory as a matrix of values that is generally 24 by 29. This raw data
1s represented by matrix 56. Matrix 56 may actually contain more values if
the note 1s skewed. However,ﬁfﬂo'r purposes of this initial example, a 24 by
29 matrix will be assumed which corresponds with a non-skewed note.

As represented by 4 by 24 submatrix 58, the first four rows of data
from the note are used by the control circuit to calculate a skew angle at a
step 60 1n a manner hereinafter discussed. Further, as represented by the 4

by 24 submatrix 62, control circuit 24 is operable to calculate the note
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length at a step 64. In doing this, the control circuit co;lsiders the skew
anglé, because the spot sensing assemblies will sense more than 29 rows of
test spots on a note if the note is skewed. At step 64 the length of the note
is determined based on the number of test spots from which data is
received, and the skew angle. The note length 1s compared to a stored
value indicative of the number of test spots for a standard note length, and
if the note 1s "too long" or "too short” control circuit 24 generates a signal
indicative of the condition sensed.

Assuming for purposes of this example that the note is the correct
length and transversely aligned with respect to the note path, the control
circuit 24 1s operative at a step 66 to generate stored value sets. The
stored value sets are generated from templates 68. The nine templates 68

shown are each a matrix of 24 columns by 116 rows. The nine templates

‘68 comprise a master template 70 which corresponds to a note type (one

note denomination In a particular orientation). Each of the nine templates
68 correspond to the note type in each of nine transverse positions in the
note path. The 116 rows of data in each template 68 represent the
transmission and reflectance values in increments one-fourth the distance
between test spots on a sensed note that is passed through the transport.

In the embodiment of the invention described, the nine 24 by 116
templates 68 comprise the master template 70 which includes all the stored
values corresponding to one note type. Because the preferred form of the
invention is configured to identify twenty notes in four orientations, there
are eighty master templates 1n the data store in this preferred embodiment.
Each of the master templates 1s comprised of nine templates, like templates
68. This means that in this preferred embodiment the data store holds (80
x 9 = 720) templates, each template having (24 x 116 - 2784) data values,
for a total of (720 x 2784 = 2,004,480) stored values in the data store. Of

course 1n other embodiments other template arrangements may be used.
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The control circuit 24 is operative in the example_shown to produce
forty-five stored value sets 72 from the templates 68 in each master
template 70. These forty-five stored value sets are shown in a table in
Figure 12. These stored value sets 72 are generated by the control circuit

5 by taking every fourth line from each of the templates 68. The control
circuit preferably does this starting with the sixteenth line in each of the
templates 68. This 1s done because, as previously discussed, the first four
rows of data taken from the note are used to calculate skew angle, and are
generally not used in generating the stored value sets 72 if the note is not

10 skewed. Forty-five stored value sets 72 are generated for each of the
eighty templates 70.

As can be appreciated from the foregoing discussion, with the first
four rows of test spots being discarded, the first row of test spots on the
note from which the data would be used for correlation purposes in this

15 example would be the fifth row of test spots. This corresponds to the (4 x
5) twentieth line 1n each template 68. Thus the control circuit takes the
twentieth line and every fourth line thereafter until 22 rows of data are read
to generate a 22 by 24 stored value set 72. Stored value sets produced in
this manner correspond to the "zero vertical position" in the table in Figure

20 12.

However, because the note sensed may be shifted forward in the
note path from the zero position, the control circuit 24 is operative to
generate stored value sets 72 that are likewise shifted forward in the note
direction. This i1s done by starting with the nineteenth line in each template

25 78 and taking every fourth line thereafter until 22 values are gathered.
This corresponds a shift forward one increment. Stored value sets
generated in this manner are the -1/4 stored value sets 72 shown in Figure
12.

Likewise, stored value sets shifted two increments forward are

30 generated starting with the eighteenth line of data in each of the templates
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68 and taking every fourth line thereafter. This correspt;nds to the -2/4
stored value sets 72 shown in the table in Figure 12.

As can be appreciated, stored value sets are also generated starting
with the seventeenth line in each template 68. These correspond to the -3/4
stored value sets 72. Stored value sets starting with the sixteenth line
correspond to the -4/4 stored value sets 72 1n the table in Figure 12.

The note may also be shifted rearwards from the "zero vertical
position”. As a result, stored value sets 72 are produced starting with the
twenty-first, twenty-second, twenty-third, and twenty-fourth values in each
of the templates 68. These correspond to the +1/4, +2/4, +3/4, and
+4/4 vertical position stored value sets respectively shown in Figure 12.

Stored value sets 72 are further generated for transverse offset
positions. As shown in Figure 12 stored value sets are produced for
transverse offset positions of -1/8", -2/8", +1/8" and +2/8". (The "
symbol 1s used herein with transverse offsets to represent approximately
.635 cm. It should be noted that both vertical and transverse offsets are
indicated 1n similarly evenly spaced increments, and that other similarly
spaced increments in English or metric units may be used.) Thus, the 45
stored value sets 72 represent reflectance and transmission values for one
note type shifted forward and backwards 1n the direction the note moves in
the transport, as well as 1in both transverse directions.

While the master templates 70 consist of nine transverse sub-
templates 68, in the preferred form of the invention, stored value sets 72
are only produced for five transverse positions of the note, rather than
nine. This 1s because the trans;ort of the preferred embodiment and the
manner in which the notes are delivered, generally maintain the notes
within 1/4" of the zero offset position. For this reason in the preferred
embodiment, it is not necessary to produce additional stored value sets.
However, 1n alternative embodiments where the transverse position of the

note may be further disposed from the zero offset position, additional
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stored value sets may be generated by the control circuitwand used for
correlation with the sensed value sets.

Referring again to Figure 12, the matrix of raw values 56 from a
test note that 1s sensed undergoes a vertical de-skewing step 74 performed
by the control circuit 24 when the note is sensed as skewed, as later
explained. When the note is not skewed as in this example, step 74 has no
etfect on the raw data. In the present example, a sensed value set 76
which is a 24 by 22 matrix is produced by the control circuit 24 directly
from the raw data. -

The control circuit 24 is then operative to calculate the level of
correlation between the sensed value set 76 and each of the stored value
sets 72 mn the manner discussed with reference to Figure 6. Each of the
correlation values is calculated and temporarily stored by the control
circuit, which storage is represented by table 78. From all the correlation
values calculated for each master template, one value will generally be the
highest. Of course, there are eighty master templates and the control
circuit 1s operative to find the highest level of correlation among the forty-
five values for each of the 80 master templates. This is represented by a
step 80 m Figure 12. The control circuit is then operative at a step 82 to
provide an indication of the identity of the note type that produced the
highest correlation value and therefore most closely correlates with the
sensed value set from the note that passed through the apparatus.

As previously discussed, embodiments of the invention also have
stored 1n connection with the control circuit a threshold value which the
highest level of correlation calculated must exceed before a note is
considered genuine. If the highest level of correlation for all the stored
value sets does not exceed this threshold level, then the note is suspect and
potentially a counterfeit. Suspect notes of this type may be returned to a

customer or held within the apparatus in a designated location. This is
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done by using a divert mechanism that transports notes to the designated
location.

Alternative embodiments of the invention may also be used to
segregate notes that are considered in good condition from those that

5 exhibit wear, abuse or soiled conditions. This 1s accomplished by having
stored in connection with the control circuit 24 a further threshold value for
correlation which is above the threshold for note genuineness, but below
that for notes in suitable condition. Such an intermediate threshold may be
used for purposes of segregating bank notes that, while still good, are

10 sufficiently worn or soiled such that they should be removed from
circulation.

A further advantage of the present invention 1s that it may provide
an indication of note type that includes note orientation. This enables the
present invention to be coupled with mechanisms which reorient the note

15 and segregate notes of different denominations. This enables the notes to
be collected for bundling or for dispense to a user of the machine in which
the apparatus of the present invention 1s 1nstalled.

The present invention also provides capabilities for detecting
counterfeit notes. This is achieved because the available data may be

20 selectively processed by the control circuit in ways that are intended to
assist in the detection of counterfeit notes. If, for example, it is known that
counterfeit currency for a particular country tends to deviate significantly
from actual currency either in reflection or transmission of a particular
wavelength of radiation, or in a particular region of a note, the level of

23 correlation for this particular wavelength or region of the note may be

analyzed by the control circuit individually. Notes which exhibit the
properties of a counterfeit may then be identified as suspect even through
the overall level of correlation may be marginally acceptable. The

particular properties which may distinguish a counterfeit note from a
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genuine note will depend on a particular currency or othe;' document
involved and its properties.

A further advantage of the preferred embodiment of the present
Invention is that notes passing through the apparatus need not be aligned
transversely 1n the note path. Rather, the notes may be skewed such that
one of the transverse sides 1s ahead of the other. An example of a note 84
that 1s skewed relative to the note path is shown schematically in Figure 8.
Note 84 1s shown with its left side leading. Lines 86 which are
supertmposed on the note in Figure 8 show the lines or grid of test spots
that would be sampled if the note were aligned in the note path. Lines 88
represent the lines of test spots on the skewed note that are tested by the
spot sensing assemblies. Superimposed lines 90 represent where the spot
sensing assemblies sense data: Therefore, the intersections of lines 90 and
88 represent a grid of locations where data is gathered by the spot sensing
assemblies as the note 84 passes.

A sensed value set 92 shown in Figure 9 shows the matrix of raw
data that 1s generated as note 84 passes the spot sensing assemblies. The
spot sensing assembly that is positioned toward the left in Figure 8 begins
sensing data from the note before the spot sensing assembly in the center.
Further, the spot sensing assembly in the center begins sensing data before
the spot sensing assembly on the right. The spot sensing assemblies that do
not sense the note sense a near zero reflectance value and a large
transmission value. Similarly, at the trailing portion of the note which is
shown by the bottom of the raw sensed value set 92, the spot sensing
assemblies stop sensing the note at different times in a manner that is
essentially a mirror image of the condition at the leading edge of the note.
As can be appreciated from Figure 8, because of the skewed character of
the note, the spot sensing assemblies sense data for more than 29 of the
transverse lines 90. It will be recalled that 29 rows of test spots were

sensed In the prior example for a non-skewed note.
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To analyze this data, the control circuit 24 of the. apparatus of the
present invention is operable to modify the raw sensed value set data 92
represented in Figure 9 so that 1t is similar to other sensed value sets for
transversely aligned notes. The control circuit 24 of the invention 1s

S further operative to produce stored value sets which account for the angle
of skew of the note.

When a note is skewed, the control circuit 24 1s first operative to
modify the raw sensed value set 92 by transposing the data to eliminate the
data points near the leading edge that represent the absence of a note. This

10 involves shifting the values on the right for each type of emitter as shown
in Figure 9, upwardly so that a sensed value set 1s created in which the
sensed note data is present in each position in the 29 rows. Such a
modified sensed value set is indicated 94 in Figure 10.

As shown in Figure 10, by shifting the raw values, a sensed value

15 set which is a matrix of 24 by 29 sensed values 1s produced. Although the
data was gathered from more than 29 of the transverse lines 90 when the
bill was sensed, the modified sensed value set 94 "squares up” the sensed
data so that it is a similar sensed value set to a transversely aligned note.

Such "squared up" data is usable by the control circuit for purposes

20 of checking to see if the note sensed is the proper length. If after
"squaring up" the raw data the data does not correspond to the length of a
proper note, an appropriate indication of a suspect note is given.

As can be appreciated from Figure 8, the modification of raw
sensed value set 92 to create sensed value set 94 does not result in a matrix

25 of values that can be readily correlated with templates for notes that are
aligned in the note path. This is because the test spots on skewed note 84
progressively move closer to the right edge of the note as the note passes.
The rate at which the test spots on the note migrate toward the right is a
function of the skew angle. To enable correlation of the modified sensed

30 value set 94 with stored value sets, the control circuit 24 1s operable to
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generate stored value sets for correlation that account for_the angle of
skew. This is graphically represented in Figure 11.

Figure 11 shows a modified sensed value set schematically indicated
96. This modified sensed value set 96 for purposes of this example can be
envisioned as corresponding to a note like that in Figure 8 where the note
is skewed such that the left side in the frame of reference leads the right
side. The control circuit is operable based on the calculated angle of skew
of the note to take values from different sub-templates 68 in the master
template 70 as graphically represented in Figure 12.

As shown on the right in Figure 11, the values in columns 98, 100,
and 102 represent the templates similar to sub-templates 68 for a 0"
horizontal offset, +1/8" horizontal offset, and 2/8" horizontal offset
respectively as shown in Figure 12. To generate a stored value set for
correlation with modified sensed value set 96, the control ciréuit 24 is
operative to select a series of values from the 0" offset template
represented by column 98. The control circuit is then operative to "Jjump”
SO as to begin selecting values from column 100 which corresponds to the
template 68 for the same note type transposed +1/8" from the 0" offset
position. Further, after taking several values from column 100 the control
circuit 1S operative to begin selecting values from column 102 which is
representative of the template for the same note type disposed +2/8" from
the 0" offset position.

The point where the control circuit 24 begins selecting values from
the different templates is determined by the angle of skew. Stored value
sets are generated for all positions of the note disposed within 1/4" of the
zero reference 1n the note path in a similar manner.

As can be appreciated from the graphic representation in Figure 11,
to generate stored value sets that encompass the possible positions for a
skewed note, the control circuit must abstract values from templates 68 for

notes that are disposed more than 1/4" away from the zero offset position.
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As can now be appreciated from Figure 12, this 1s why tilere are additional
transverse offset templates 68 in each master template 70, even though the
note is generally confined to an area plus or minus 1/4" from the zero
offset position 1n the note path.

S The calculation of the skew angle which determines how the control
circuit selects or abstracts values from the various templates to produce the
stored value sets, is explained with reference to Figures 14 and 15. Figure
15 shows a note 104 which is skewed in a manner similar to note 84 In
Figure 8. Note 104 has a left side leading a right side 1n a direction of

10 note travel indicated by Arrow A. A spot sensing assembly 106 1s
positioned to the left as shown in Figure 15. A spot sensing assembly 108
is positioned to the right as shown in Figure 16. Both of the spot sensing
assemblies are the same and similar to spot sensing assemblies 18
previously discussed.

15 Line 110 in Figure 15 1s representative of the reflectance values for
a first emitter type to have produced radiation which is reflected from note
104 in an amount above a set threshold 112. This threshold is indicated as
20 percent in Figure 14 which has been found through experimentation to
be an acceptable value for this purpose when using U.S. currency notes.

20 Of course other threshold values may be used. Data points 114 are
representative of the actual reflectance values for the particular type emitter
in spot sensing assembly 106 which was the first of the emitters to produce
a reflectance value above the threshold. Line 110 1s produced by a curve
fitting process carried out by control circuit 24 using actual data points

25 114. This is done through execution of known curve fitting algorithms.

Line 116 is fitted by the control circuit to data points 118. Data
points 118 are representative of the actual reflectance values from the
emitter type in spot sensing assembly 108 that corresponds to the emitter
that produced data points 114 in spot sensing assembly 106. By comparing

30 the times at which the lines 110 and 116 each crossed the threshold 112,
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the skew angle of the note may be calculated. This différence In time in
which reflectance values for the same emitter type in each of the spot
sensing assemblies crossed the threshold is represented by the quantity At
in Figure 14.

The distance between spot sensing assemblies 106 and 108 is a
known fixed quantity. Similarly the speed at which the note moves on the
note transport is also known. As shown 1n Figure 15 the angle of skew ¢

can be calculated by the following equation:

tan @ = VAl
X

where:

0 Is the angle of skew;

\Y 1S the velocity of the note in the note direction;

At 1s the difference in time between when the first
emitter m a first spot sensing assembly senses the
property of the note crossing the threshold, and when
the corresponding emitter in the furthest disposed spot
sensing assembly senses the property for that
assembly crossing the threshold;

X 1s the distance between the spot sensing assemblies

106, 108 for which the time difference is evaluated.

As can be appreciated from the foregoing discussion, the angle of skew
determines the points at which the control circuit begins selecting values
from the templates to produce the stored value sets for comparison to the
modified sensed value set. Of course, the angle of skew may be in either
direction which necessitates that the control circuit be enabled to abstract
values from templates 68 progressively in either transverse offset direction.

Referring again to Figure 12 which shows the correlation sequence,
step 74 1s the de-skewing step in which the raw sensed value set from the
spot sensing assemblies like set 92 in Figure 9 is "squared up" to produce a

modified sensed value set similar to set 94 in Figure 10. When the data is ._
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skewed this step i1s done to produce the sensed value set 56 in Figure 12 for
purposes of correlation.

In step 66 the stored value sets are produced by the control circuit
by abstracting data from the templates 68 in each master template 70,
responsive to the skew angle detected. Thus, in the example represented in
Figure 12, values are abstracted from the 0" offset template 68 and the
+1/8" oftset template 68 to generate the stored value set 72 in the table of
stored value sets the O vertical and 0" horizontal offset position.

As will be appreciated from the prior discussion, for the stored
value sets 72 shown in the table above the O position, shifts between the
two adjacent templates 68 occur one line of data higher with each -1/4 step
upward In the table of stored value sets. Similarly, the shift between the
templates would occur one data line downward for each +1/4 increment
below the O vertical offset position in the table of stored valué sets.

For example, to generate the stored value set 72 shown in the table
having a O vertical offset and a horizontal offset position of -1/8", values
on the corresponding lines highlighted in Figure 12 in the 0" horizontal
offset template, would instead be taken from the template having a
horizontal offset of -1/8". Likewise, the lines shown highlighted in Figure
12 1n the +1/8" horizontal offset template, would mstead be taken from the
0" horizontal offset template. Similarly, lines of data would be abstracted
from these two templates by the control circuit 24 one data line upward
from the values used to produce the O, -1/8" stored value set, to generate
the stored value set shown in the table at -1/4", -1/8". Abstracting values
from the templates two data lines upward from the values used to generate
the 0, -1/8" stored value set, provides the -2/4, -1/8 stored value set and so
on.

Similarly abstracting values from the two templates used to produce

the 0, -1/8" stored value set 72, provides the +1/4, -1/8"; +2/4, -1/8";
+3/4, -1/8" and +4/4, -1/8" stored value sets. This 1s done by abstracting
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values successively one data line lower than those abstrac;ted to produce the
prior stored value set.

Likewise, to produce the stored value set 72 in the O vertical offset,
-2/8 horizontal offset position, the control circuit 24 abstracts values from
the -2/8" and -1/8" horizontal offset templates 68, and so on. It can be
appreciated that the selection process executed by the control circuit 24 to
generate the stored value sets for comparison with the sensed value set 76
can be visualized as a matter of shifting left-right among the templates 68
and up and down within the templates 68 to produce the various stored
value sets 72 shown in the table positions in Figure 12.

It should be remembered however, that even though values are
abstracted or selected to produce the stored valued sets 72, all the selected
values 1n a stored value set come from a single master template 70 which
corresponds to a single note denomination having a particular orientati<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>