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This invention relates to apparatus for handling
value sheets. The term value sheets is intended to
denote banknotes, bonds, credit cards, bank cards,
tickets, identity cards, entrance cards and the like.
In one form, the invention is concerned with apparatus
for handling such sheets so that the sheets can be
tested by an optical sensor for identifying and/or
authenticating such sheets.

GB1470737 describes a value sheet tester which
employs an optical colour sensor. In order to
compensate for the effects of aging and drift which
may cause inconsistent results over a long period of
time, reference measurements are made by the optical
sensor using a reference device, and the results are
used for re-calibration.

Based on the above principle, a known bank note
tester has a built-in reference surface which is fixed
at a position to face the optical sensor across the
path of bank notes. When a bank note is transported
past the senscr, the note obscures the reference
surface such that the surface of the note is sensed.
In the absence of a bank note, the reference surface
is exposed, and reference measurements can be made by
the optical sensor to verify its calibration, and to
effect re-calibration if necessary.

In order to achieve accurate results from the
optical sensor, it is important that the notes are fed
past the sensor at a predeternined distance
corresponding to the predetermined fccusing distance
of the cptical sensor. Similarly, in crder to achieve
accurace resultcs £from the reference surface, the
reference surface is placed immediately adjacent the
path of the notes such that, in the absence of bank
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notes, the reference surface will be approximately at
the ccrreét-focusing distance from the optical sensor.
In fact, the notes contact the reference surface as
the notes are transported past the optical sensor.

_ If the mechanism handles notes at only a low
rate, each note will be transported past the optical
sensor and the reference surface at a relatively low
speed, and the above arrangement is quite
satisfactory. However, if a higher handling rate is
desired, then the notes have to be transported past
the optical read at a correspondingly higher speed.

With the above arrangement, the bank notes fed at
such a higher speed may be prone tc jamming because
the notes have to be transported at high speed past
the reference surface, and contact with the rsference
surface is generally required to ensure that the bank
notes are at the correct distance Z£rom the optical
sensor.

Furthermore, regular cleaning cZ the reference
surface is required to ensure that the surface is not
dirty when reference measurements are takexn. Any dirt
on the reference surface may cause inappropriate
reference measurements to be mads, wiich could upset
the calibration of the optical senscr, and lead to a
loss of accuracy of the wvalidatcr. Typically,
cleaning is carried out every three months. The
conventional way to clean the reference surface is to
insert a cleaning sheet into the mechanism as a dummy
banknote such that it is drawn past the reference
surface. The sheet may be wetted with a solvent to
clean the surface. If this does not remove the dirt,
then the mechanism has to be opened o gain access to
the reference surface, and the surface cleaned
manually. Such an operation is bot:x time consuming
and relatively expensive if it has to be carried out
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by an authorised technician. .. Further, the mechanism
can not be used while the cleaning operation is being
carried out. |

Reference is made to US-A-5199543 which describes
a bill discriminating device which uses sensor
circuitry for scanning and reading the printed
patterns of a bill, and producing data representing
the density of the printed patterns. A carrier roller
is disposed under the sensor for transporting the
bill. The roller has a black or blackish periphery
for keeping the reflectance of light to a minimum.
The data read by the sensor consists of "useless" data
representing the black carrier roller, and data
representing the tone of the printed bill. The
circuitry discriminates an edge cf the bill according
to the data. '

Reference is also made to EP-A-0559615 which
describes a transport cylinder for carrying sheets
past a sensor. A clip on the cylinder grips ‘the
leading edge of the sheet, and a calibration plate
guides the sheet against the cylinder as the sheet
approaches the sensor. A mechanism moves the plate
away from the cylinder intermittently to enable che
clip to pass under the plate.

In a first aspect, the invention provides value
sheet testing apparatus comprising an optical sensor,
a path along which a value sheet is transported past
the optical sensor for testing by the optical sensor,
a reference device adjacent to the path and bearing a
reference surface, the reference device being movable,
in use, to present different portions of the reference
surface to the optical sensor so as to facilitate the
movement of the value sheet.

In a related aspect the invention provides value
shest testing apparatus comprising an optical sensor,
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a path along which a value sheet is transported past
the optical sensor for sensing by the optical sensor,
and a reference device adjacent to the path and
bearing a reference surface which can be sensed by the
optical sensor, wherein the reference device is
movable such that, in use, at least a portion of the
reference surface adjacent to a said value sheet
moving in said path moves generally in the same
direction as the direction of travel of the value
sheet in the path.

Such arrangements can avoid the reference surface
hindering the transportation of a value shee:t, such as
a currency note, at high speed. A value sheet can be
fed into contact with the reference'surface, to ensure
that the sheet is at the correct focusing distance
from the optical semnsor, without substantial risk of
the value shee:t being jammed cxr being damaged by
frictional contact with the reference suriface.

The term reference surface is used herein to mean
a surface having predetermined optical
characteristics. Such optical characteristics may be
in the form of a surface of substantially uniform
colour, focr example, white, to provide =z colour

~reference which can be sensed by the optical sensor.

Such a reference surface may be used for calibration
in the absence of a value sheet, as described above.
Additionally, or alternatively, the reference surface
may provide a background or surround reference during
the sensing of a value sheet, which can be used, for
example, to normalise the output from the sensor, or
to enable one cr more edges cr other characteristics
of the note to be identifiable more clearly. The
eference surface could also, or alternatively, carry

a]

a predetermined optical pattern which can be sensed to
provide information about the reference suriace, such
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as its relative position (i.e. angular orientation in
the case of a drum surface), reference dimensions and
speed of movement.

The reference surface may have a number of
differently coloured regions to provide a multi-colour
reference test for the optical sensor. During the
testing, each region may, for example, be presented
individually to the optical sensor for a specific
colour test.

Preferably, the reference surface is used for
calibrating the optical sensor. In the preferred
embodiment, an electric circuit is operable to
calibrate the output oi the optical senscr in the
absence of any value sheet adjacent to the sensor.

Preferably, at least a region of the reference
surface is coloured a light colour, so as to reflect
light, so that the rellected light can be detected by
the optical sensor. In the preferred embodimen:, the
reference surface is coloured white to provide a white
eference colour for the optical sensor.

H

Preferably, the optical sensor is focused at a
distance corresponding generally to the separation of
the reference surface and the optical sensor. With
such an arrangement, the opticzl sensor can detec: the
optical characteristics of the reference surface
accurately. Also, & value sheet in contact with the
reference suriace in the sheet path will automatically
be guided at the ccrrect focusing distance frem the
optical sensor to ensure that the note is in correct
focus for the optical sensor.

Preferably, the apparatus comprises means for
ériving the reierence device tc cause the movement of
the refsrence suriface.

_ Different forms of movable reference device and
refarence surface are envisaged. However, it is
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preferred that the reference surface is an endless
surface, at least in the direction of movement of the
surface.

Preferably, the reference device is mounted at a
fixed location in the apparatus, i.e. the reference
device does not, in normal operation of the apparatus,
move between different physical positions in the
apparatus.

Preferably, the reference device comprises at
least one rotatable element, such as a disc, or a
drum. In the preferred embodiment, the reference

- surface is an actual surface of the drum.

Preferably, the apparatus comprises -means for
guiding the value sheets at least into partial contact
with the reference surface, to ensure that the value
sheets are accurately spaced from the ortical sensor
as they are transported therepast. Preferably, such
means constrain the value sheet in contact with, or
immediately adjacent to, the part of the reference
surface facing towards the optical sensor. Such means
may include a guide or grille screen of narrow, spaced
apart elements, such as wires or other filaments.
Preferably, the elements are sufficiently narrow, and
are sufficiently widely spaced, that they can extend
over the region cf the reference surface facing the
optical senscr without obscuring substantially the
reference surface and/or the value sheet being sensed.
In one preferred embodiment, two guides of such
elements are used to define the transportation path of
value sheets past the optical sensor. The wires of
the two screens are preferably arranged in register so
as not to increases the area cf the reference surface
which is cbscured by the elements.

Two optical sensors may be provided, one for
sensing a Zirst face of a value shéet, and the other
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for sensing the opposite face.of the value sheet. In
such a case, the two sensors may be arranged one
downstream of the other in the path of the wvalue
sheet. Each sensor may have an associated movable
reference device bearing a reference surface, as
described above.

In a third aspect, the invention provides
apparatus for guiding a value sheet, wherein a guide
is used to define at least partly a transportation
path along which a note can be moved in face alignment
with the guide, the guide comprising a plurality of
spaced filaments. 1In this contex:t, the term filament
is intended to include slender elements such as wires,
cords, narrow bars and spoke-like elements. The
filaments may be relatively rigid, or they may be
capable of flexing. Preferably, if the filaments are
not inherently rigid, they are mounted in a manner in
which the filaments are pulled taught, to form the
guide. The portion of the filaments which may contact
the value sheet should preferably be smooth, to avoid
undesirable frictional contact with the value sheet:.

The guide can thus providé a barrier or screen in
the form of a grille consisting of the Zfilamen:s,
which defines a "wall" of the transportation path.

With such an arrangement, the possible area of
contact between the filaments and the value sheet can
be relatively small, such that a value sheet can be
advanced along the guide at high speed without a
problem of frictional contact with the filaments being
likely to cause a jam or to cause damage to the note.

The filaments may each have any desired cross-
sectional shape,' for example, round, rectangular,
oval, triangular. However, the region of each
filament facing towards the path of a value sheet is
preferably tapered, or curved, to some extent to
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Preferably, this region of each filament is rounded,
to aveid having a sharp edge which could damage the
surface of a value sheet, particularly if the sheet is
to be transported at relatively high speed along the
path.

' The spacing of the filaments can allow additional
parts of the apparatus to interact with a value sheet
being transported in the path. For example, one or
more drive rollers or presser rollers may project
between the filaments to drive the value sheet along
the'transportation path. A recess or space would need
to be provided in which each filament would be
received; such a recess may be provided as a
circumferential groove on the surface of a roller
drum. Also, the visual pattern on the face of the
value sheet may be visible through the spacing between
the filaments, so that an optical sensor can be used
to sense the value sheet. 1In such a case, the number
of fiiaments, and the size of each filamen:z, are
preferably selected so that the £filaments d&o not
obstruc: substantially the area of the face of the
note to be sensed. .

The particular arrangement of the filaments in

-the guide may be selected as desired. Preferably, at

least some of the £filaments extend generally
longitudinally, i.e. parallel with the direction of
travel of a value sheet in the transportation path.
This can reduce the possibility of a raised edge of a
value sheet being caught by a filament, which might
damage the value sheet or cause a jam. A grid
arrangement is also envisaged, for example, consisting
of longitudinal and transverse filaments.

In a preferredc arrangement, two guides of
filaments are provided to define the transportation

ey
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path. The guides are generally parallel with each
other, and define a narrow space therebetv}een which is
the transportation path for the value sheet. Such an
arrangement can permit a value sheet to be transported
at high speed along the path even though the guides
themselves may be stationary.

In a fourth aspect, the invention provides value
sheet testing apparatus comprising an optical sensor,
a path along which a value sheet is transported past
the optical sensor for testing by the optical sensor,
a reference device adjacent to the path and bearing a
reference suriace and means operable to clearn the _
reference surface.

Preferably, the means for cleaning comprises
means selectively operable to perform the cleaning
operation. In the preferred embodiment, the means for
cleaning comprises means for bringing a cleaning
surface into contact with the reference surface, the
reference surface being moved relative to the cleaning
surface by movement of the reference device. For
example, the reference device may be a rotating &rum.
The means for cleaning may comprise a reservc;.ir for
holding cleaning £luid, for example, detergen:, a
conduit for feeding cleaning fluid from the reservoir
to a cleaning pad, and means for ‘selectively moving
the pad between a position in which i: contacts the
reference surface, and a retracted or stowed position.
In the stowed position, the surface cf the pad is
preferably covered to prevent evaporation of the
cleaning fluid. The pad is preferably pivotally
movable between the two positions.

In a closely related further aspect, the
invention alsc provides value sheet testing apparatus
comprising an optical sensor, a path along which a
value sheet is transported past the optical sensor for
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testing by the optical sensor, a reference device
adjacent to the path and bearing an opticé.i reference
surface, the reference device being movable, in use,
to present different portions of the reference surface
to the optical sensor.

With such an arrangement, test measurements of
the reference surface by the optical sensor can be
made over a number of different portions of the-
reference surface. This can be used to enable more
versatile calibration and testing o©of the optical
sensor. For example, the measurements from different
regions can be averaged.

The above aspects c¢f the invention may be used
independently of each other, but are preferably used
in combination to provide the full adva=ntages of the
invention. '

Embodiments of the invention are now described
with reference to the accompanying drawings, in
which:-

Fig. 1 is a schematic sectional view through a
transportation mechanism for a currency note
validator;

Fig. 2 is a side view of the mechanism showing a
part cf the drive arrangement;

Fig. 3 is a schematic perspective view of the
mechanism in a hinged open condition;

Fig. 4 is a plan view of the lower half of the
mechanism;

Fig. 5 4illustrates a modification for each
reference drum;

Figs. 6 and 7 illustrate a modified embodiment
with a modified guide; ,

Fig. 8 illustrates a modified embodiment with two
modified guides; and

Fig. 9 is a schematic view ililustrating a
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cleaning technigue for each reference surface in the
mechanism. -. '

Referring to Figs. 1 to 4, a transport mechanism
10 for a currency note validator (not shown) receives
an inserted currency note 12 from an entry area 14,
and transports the note 12 past a first optical sensor
16 for sensing the upper surface of the note, and past
a second optical sensor 116 for sensing the lower
surface of the note, to an exit area 18. It will be
appreciated that the entry area 14 might be preceded
by another handling mechanism, and the exit area 18
might be followed by a further mechanism. However,
the present description concentrates on the mechanism
for transporting the currency note past the optical
heads 16 and 116, and such further mechanisms are not
described specifically herein.

The transportation path of the note 12 from the
entry area 14 to the exit area 18 is defined by upper
and lower wire guides or screens 20 and 22,
respectively. The upper screen 20 consists of a
number of spaced apart wires 24 secured at their
opposite ends to the front.and rear walls 26 and 28,
respectively, of an upper support frame 30 by suitable
fixings. In this exemplary embodiment, the wires 24
are generally parallel with each other, and extend
generally parallel to the direction of travel of a
npote 12. The wires may be made of metal, cr of other
sufficiently strong material, such as carbon fibre.
The lower screen 22 is similarly formed cZ wires 32
which are fixed to the front and rear walls 34 and 36,
respectively, of a lower support frame 38. As can be
seen in Fig. 3, the upper and lower support frames 30
and 38 are hinged together along mutual sice walls 40
and 42 to allow access to the path of a note 12 if
required, for example, for maintenance or In order to
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release a note if the note becomes trapped.

In this exemplary embodiment, the mechanism 10
may conveniently be described further in two sections
which are divided by the broken line 44 (Fig. 1). The
section to the right of the broken 1line 44 is
associated with the first optical sensor 16, and the
section to the left of the broken line 44 is
associated with the second optical sensor 11is.

The first optical sensor 16 is mounted in the
upper £frame 30. A first generally cylindrical
reference drum 46 bearing a reference surface 48 is
mounted on a rotatable axle 50 which is supported in
bearings (not shown) in the side walls 42 and 43 of
the lower frame 38. The drum 46 is dimensioned such
that the cylindrical surface projects slightly above
the level of the wires 32 of the lower support screen
22, and circumferential grooves 52 are formed in the
surface of the drum for receiving the wires 32 without
direct contact therewith. One function of the
reference surface 48 is to provide the optical sensor
with a colour reference (for example, a white surface)
to enable the optical sensor and its associated
electrcnics to be re-calibrated periodically to
compensate for the effects of inherent drift and age
over a long period of time. 1In this embodiment, the
reference surface 48 is coloured white, and the drum
46 is made of white thermoplastics material which does
not discolour with age. An electronic circuit (shown
schematically at 51) is provided for calibrating the
output of the optical sensor. Such a circuit is known
in the art, and so is not described further herein.

As seen in Fig. 1, a first guide roller 54
mounted on a guide roller axle 56 is positioned to the
right cf the drum 46, and a second guide roller 58
mounted on a guide roller axle 60 is positioned to the
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left of the drum 46. The guide roller axles 56 and 60
are rotatably mounted in bearings (not shown) in the
side walls 42 and 43 of the lower frame 38. The guide
rollers 54 and 58 are positioned such that their
uppermost surfaces are approximately £flush with the
wires 32 of the lower support screen 22, and
circumferential grooves 62 (similar to the grooves 52
in the drum 46) are formed in the guide rollers 54 and
58 for receiving the wires 22 without direct contact
therewith. .

A pair of presser rollers 64 are mounted on
presser roller axles (not shown) which are rotatably
mounted in bearings 66. The bearings 6'6 are received
in slots 68 in the side walls 40 and 41 of the upper
frame 30 to enable the presser rollers to be capable
of limited vertical movement. A respective spring 70
bears against each bearing 66 to urge the bearing
downwardly, such that the presser rolliers 64 are
pressed into engagement with the guide rcllers 54 and
58. Each spring 70 is mounted on a respective stud 72
and has one arm 70a engaging the bearin§ 66, and
another arm 70b received in an anchcring opening.
Circumferential grooves 74 are formed in the sursace
of each presser roller 64 for receiving the wires 24
of the upper screen 20 without direct contact
therewith. The grooves 74 are similar to the grooves
62 in the guide rollers 54 and 58, but ars deeper than
those grooves 62 to permit the presser rollers 64 to
project through the wires 24 of the upper screen 20 to
press on the. surfaces of the guide rollexs 54 and 58,
which are generally £flush with the wires 32 of the
lower screen 22. To improve the grir betweex the
presser rollers 64 and the guide rollers. 54 and 58,
tyres 76 of elastomeric material are Zitted to the
guide rollers 54 and 58 at positions betwesn the wires
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24 of the lower screen 22. .The tyres are located in
circumferential grooves (not shown) similar to the
grooves 62 described above. '

As best seen in Figs. 2 and 3, the end of the
drum axle 50 projecting through the side wall 43 of
the lower frame is fitted with a dual pulley 78 and
with a toothed drive gear 80. The end of the first
guide roller axle 56 projecting through the side wall
43 is fitted with a pulley 82 which is coupled by a
drive belt 84 to one of the channels of the dual
pulley 78. The end of the second guide roller axle 60
projecting through the side wall 43 is fitted with a
pulley 86 similar to the pulliey 82, and is coupled by
a drive belt 88 to the other channel c¢f the dual
puliey 78. In this exemplary embodiment, the pulleys
are dimensioned such that the guide rollers 54 and 58
driven from the drum axle by the belts 84 and 88 will
have the same peripheral speed as the drum 46.

Cerresponding elements to those discussed above
are also provided for the second optical sensor.
These eiements are illustrated to the left of the
broken line 44 in Fig. 1, and are denoted by the same
reference numerals used above, but prsceded by the
number 100. However, in view of the fact that the
second optical sensor is positioned in thes lower frame
instead of in the upper £rame, the positions of the

 second reference drum 146, the guide rollers 154 and

158, and the presser rollers 164 are reversed between
the upper and lower frames. In particulaxr, the second
reference drum 146 projects slightly below the level
of the wires 24 of the upper screen 22, and the
presser rollers 164 are biased upwardly to projéct
through the wires 32 of the lower screen 22 to engage
the guide rollers 154 and 158.

A érive unit 90 (Fig. 3) containing an electric



10

15

20

25

30

35

15

motor - (not shown) is coupled.toc the drive gears 80
and 180 to rotate the first and second drums 46 and
146, respectively, and thus drive also the guide
rollers 54, 58, 154 and 158.

In use, in the absence of a currency note 12, the
reference surfaces 48 and 148 can be sensed by the
optical sensors 16 and 116, as described above, for
re-calibration. The wires 24 and 32 do not obstruct
substantially the reference surfaces 16 and 116. ‘The
small regions covered by the wires 24 and 32 will not
be able to be sensed, but these regions are very small
and do not detract from the overall calibration.

When a note 12 is received between the upper and
lower screens 20 and 22, respectiveiy, from the entry
area 14, the note 12 is advanced over the first
reference surface 48, and over the second reference
surface 148. The note 12 is engaged progressively by
the guide rollers 54, 58 and the presser rollers 64
associated with the first optical sensor 16, and by
the guide rollers 154, 158 and the presser rollers 164
associated with the second optical sensor 116. The
note 12 is transported by the guide rcllers, the note
i2 being pressed intc engagement with the guide
rollers by the corresponding presser rollers 64 and
164. As best seen in Fig. 1, the surfaces of' the
reference drums 46 and 146 project further between the
wire screens than their associated guide rollers 54,
58 and 154, 158, respectively. This means that the
note is diverted slightly from a straight line path by
the reference drums 46 and 146. The note 12 is thus
pressed against the respective reference surfaces 48
and 148, to ensure that the note 12 is positioned at
the correct focusing distance from the optical sensors
16 and 116. The rotation of the reference drums 46
and 146, and the corresponding movement cf their



10

i5

20

25

30

35

16

reference surfaces 48 and 148, respectively, ensures

.that each reference surface does not hinder the

movement of the note as would, for example, a
conventional stationary reference surface, and the
note 12 can be transported at high speed without risk
of jamming the mechanism, or of damage to the note 12.

A charge-coupled-device (c.c.d.) array 95 is
mounted over the transportation' path near the entry
area 14 to detect the presence of a sheet 12 being
inserted into the apparatus, and to detect the
orientation or alignment of the sheet as it moves past
the c.c.d. array 93, that is to say, to detect whether
the note is parallel with the longitudinal direction
of the path, or whether it lies at an angle relative
to the longitudinal direction. The c.c.d. array 95
can also provide information about the transverse
position of the sheet, and about any physical defects
such as holes in the sheet, or uneven edges, which
might otherwise cause confusing results when sensed by
the optical sensors 18 and 118.

The wire screens 20 and 22 guide the note 12 to
ensure that the note 12 is passed in the ccrrect
manner through the pairs of guide rollers 54, 58, 154
and 158 and their associated presser rollers 64, 164,
and over the reference drums 46 and 146. The wires 24
and 32 do not obstruct substantially the faces of the
note 12, and this allows the optical sensors 16 and
116 to test accurately the visual pattern on each face
of the note. The wires 24 and 32 have relatively
smooth surfaces to avoid undesirable frictional
engagement with z note. Additionally, the curved
profile of each ¢I the wires 24, 32 ensures that the
area of any contact between the wire and a note 12 is
relatively small.

In this exemplary embediment which is adapted for
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currency notes 12, the wires are of about 0.2 - 0.3 mm
in diameter, and are made of metal. The spacing of
the wires in each screen is about 6 mm, and the
spacing between the screens is about 1.5 mm. The
closest distance between each reference roller 46, 146
and the wire 32, 24 of the opposite screen 22, 20,
respectively, is about 0.2 - 0.3 mm. It will be
appreciated that, in general, the various dimensions
can be adjusted to suit any particular application for
testing value sheets, without departing from the
principles of the invention. '

In the above embodiment, the screens 20 and 22
consist of wires arranged longitudinally. However,
other arrangements of wires or other filaments may be
used instead. For example, a grid arrangement may be
used.

In the above embodiment, the drums 46 and 146
rotate with the same peripheral speed as the guide
rollers 54, 58, 154 and 158. As a modification, the
drums 46 and 146 may be arranged to rotate at a
slightly faster speed. There would then be a degree
of slippage of the drums 46 and 146 against the sheet
12, but this could be beneficial as a simple way of
continuously cleaning the reference surface by the
contact with the sheet 12. The individual speeds of
the rollers and/or of the drums could also differ
slightly so as to apply a controlled degree of tension
to the sheet as it traverses the optical sensors.
This would ensure that the sheet is held flat.

In the above embodiment, the note is gripped |
mainly by the guide rollers 54, 58 and 154, 158 in
combination with the respective presser rollers 64 and
164. If more grip is desired for the reference drums

46 and 146 (rotating at the same peripheral speed as

the guide rollers, or at relative speeds to apply a
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controlled tension to the sheet), thern a modified drum
46*' may be used as shown in Fig. 5. The modified drum
46’ is fitted with additional elastomeric tyres (o-
rings) 92 which sit in circumferential grooves on the
surface of the drum 46‘, in a similar manner to that
described above for the tyres 76 on the guide rollers.
The width of each tyre 82 is generally less than that
of the tyres 76 on the guide rollers, because narrow
tyres 92 are preferred so as not to cover too large a
portion of the reference surface of the drum 46’'.  As
can be seen in Fig. 5, the tyres 92 are spaced between
the grooves 52 for receiving the wires, so that the
tyres 92 will not interiere with the wire screens.

Although screens of wires have been described in
the above embodiment, other filaments may be used for
the screen as desired.

in the embodiments of Figs. 1 to 5, reference
measurements made using each reference surface 48, 148
may be instantaneous measurements ccrresponding to
small areas or points on the reference surface, or the
measurements may be averaged over a certain rotation
of the reference surface, for example, a half-rotation
or a complete rotation or more. Txis enables the
significance of any dirt or defects of individual
points on the reference surface to be "averaged out"
to achieve consistent results, which is a substantial
advantage over the conventional fixed reference; with
a fixed surface, it is not possible tc vary the sensed
region of the reference surface. Additionally, with
the present embodiment, iZ instantaneous measurements
are being taken, and an unexpected measurement occurs
owing to dirt on the reference drum, for example, a
measurement result fallis outside an expected range,
then this can be ignorec and a fresh measurement taken
at a d&ifferent rotational point o©f the reference
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surface. =

In the present embodiment, each optical sensor
18, 118 is able to sense an area corresponding to at
least the entire area of a face of a sheet, except for
the small regions obscured by the wires 24 and 32 of
the upper and lower guide screens 20 and 22,
respectively. The reference drums 46 and 146 extend
across substantially the full sensing width of the
optical sensors 18 and 118, respectively, so that the
sensors can be calibrated across their entire sensing
width. 1In addition to averaging measurements taken at
different rotational positions of the reference drums
46 and 146, measurements taken at different pesitions
along the drums may be averaged.

It will be appreciated that the positions of the
guide rollers 54, 58, 154 and 158, the presser rollers
64 and 164, and the reference drums 46 and 146
relative to the screens 20 and 22 may be altered as
desired. For example, the degree to which the wvarious
elements project through the screens 20 and 22 may be
alcered.

As a further modification o©f the embodiment
illustrated in Figs. 1 to 4, one oI the adjaceat pairs
of guide rollers 58 and 154, and the associated
presser roller 64, 164, respectively, may be omitted.
This would enable the reference drums 46 and 146 to be
arranged closer together, if desired. However, it is
preferred that at least one guide roller is provided
between the reference drums 46 and 146 in order to
maintain a good grip on the sheet 12, so that the
orientation of the sheet 12 will not change. A
significant advantage of the present apparatus is that
a sheet can be transported rapidly past the optical
sensors without any change in the oxrientation of the
sheet relative to the transportation path. It will be
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appreciated that any alteration of the sheet’s
orientation may cause inaccurate validation results,
because the optical sensors 18 and 116 may then not be
sensing the correct areas of surfaces of the sheet.

Figs. 6 and 7 illustrate a modified embodiment.
Only a single reference drum 46 and optical sensor 16
are shown for brevity, and the guide rollers 54 and 58
and the presser rollers 64 also are not shown
specifically. 1In Figs. 6 and 7, the main difference
which the modified embodiment has over the above
described embodiment is that the lower screen 22 is
omitted, and is replaced instead by fixed guide
surfaces 202 and 204, which are tapered and angled
towards the drum 46. The guide surfaces are arranged
adjacent to the reference drum 46, one on the upstream
side to feed notes onto the reference drum 46, and the
other on the downstream side of the drum 46 to feed
notes from the drum 46. The guide surfaces 202, 204
can be spaced from the drum 46 by a small gap, or as
a modification (shown in Fig. 7), the guide surfaces
202 and 204 can have toothed edges, 206 and 208,
respectively. The teeth would project into
circumferential grooves 210 on.the surface of the drum
46, similar to the grooves 52 described in the first
embodiment.

Fig. 8 illustrates a second modified embodiment

"in which both the upper and lower wire screens 20 and

22 of the first embodiment are replaced by fixed guide
surfaces. In Fig. 8, the first and second guide

.surfaces 202 and 204 are as described above. A third

guide surface 212 complements the first guide surface
202 to define a narrowing entrance passage for feeding
currency notes to the reference drum 46. A fourth
guide surface 214 complements the second guide surface
204 to define a narrowing exit passage.
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" The advantage of using fixed guide surfaces
instead of screens of wire is that the guides do not
extend across the reference drum and hence do not
ocbscure the reference surface, nor do they obscure the
face of a note on the reference surface. On the other
hand, the advantage of the wire screens is that they

" can hold the note across the reference surface, which

may provide better positional accuracy for the optical
sensor. ' o

Fig. 9 illustrates cleaning apparatus for the
reference drum. For brevity, only a single. reference

 drum 46 is illustrated.- The cleaning apparatus is

arranged on the opposite side of the reference drum 46
to the optical sensor 16, to clean a portion of the
reference surface 48 which is not exposed at that
instant to the optical sensor 16. The cleaning
apparatus consists of a pivoted carriage 220 which
carries a cleaning pad 222 of felt. A tank 224 for
holding a cleaning fluid, such as a solvent or
detergent, is coupled to the carriage 220 by a conduit
226 for supplying cleaning fluid to the pad 222 to wet
the pad. The carriage is pivotally movable between an
activated position (shown in Fig. 9) in which the pad
222 contacts the reference surface 48 of the drum 46,
and a non-activated, or stowed, position, in which the
carriage is rotated anti-clockwise through about 90°.
In the stowed position, the pad 222 is protected by a
cover which prevents evaporation of cleaning £luid
from the pad 222.

The carriage 220 is controlled by an actuator
228, which may, for example, be an electromechanical
actuatcr, such as an electromagnetic device (typically
a motor or a solenoid), or a pneumatic actuator, which
drives the carriage 220 from one position tc the
other. A return spring (not shown) can be used to



10

15

20

25

30

22

return the carriage 220 to its original position.

The cleaning is caused by the rotation of the
reference drum 46 relative to the cleaning surface of
the pad 222. In a modified cleaning device, for
example, for use with a fixed reference surface, an
alternative arrangement may be used to bring about
relative movement between the pad and the reference
surface. S . '

Control means (not shown) determine when a
cleaning operation is needed, and operative the
cleaning device accordingly. The control means
determines when the reference surface is dirty by
means of measurements made by the optical sensor 18 of
the reference surface 48. If the measurements fall
below a predetermined threshold, or outside a certain
range, this result is interpreted as being caused by
a dirty surface, and the cleaning operation is then
started. A laser might be provided in the above
embodiment with a fixed reference surface.

In an alternative embodiment, a replaceable
cleaning cassette could be used to replace the tank
224 and, for example, the carriage 220.

Although embodiments have been described above
for testing currency notes, it will be appreciated
that the invention can be used for apparatus for
handling value sheets in general.

It will be appreciated that the above description
is merely illustrative of preferred forms of the
inventicn, and that modifications may be made without
departing from the scope or pz_'inciples of the
invention.
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1. Apparatus for guiding a value sheet,

IMS:

wherein a guide is used to define at least partly a
transportation path along which a note can be moved
in face alignment with the guide, the guide
comprising a plurality of spaced filaments.

2. Apparatus. according to claim 1, wherein
the porﬁion of each filament facing towards the path
of a value sheet is tapered.

3. Apparatus according ﬁo claim 2, wherein
the portion of each filament facing towards the path
of a value sheet is rounded.

4, Apparatus according to any one of claims 1
to 3, further comprising at least one roller
projecting between the filéments, to contact a value
sheet in the transportation path.

5. Apparatus according to claim 4, wherein
the roller comprises a drive roller for advancing
the value sheet along the transportation path.

6. Apparatus according to claim 4 or claim 5,
wherein the roller comprises a reference device

carrying a reference surface for an optical sensor.

A
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7. Apparatus according to any one. of claims 4
to 6, wherein the roller_ comprises recesses for
receiving the filaments of the guide.

8. Apparatus according to any one of claims 1
to 7, wherein each filamenf comprises a wire.

9. Apparatus according to any one of claims 1
to 8 further comprising means for cleaning at least
a portion of the reference surface. |

10. Value sheet testing apparatus comprising
an optical'sensor, a path along which a value sheet
is transported-paét the optical sensor for testing
by the optical sensor, and a reference device
adjacent to the-path and bearing a reference surface
used for calibrating the optical sensof, wherein the
reference device is movable such that, in use; at
least a position of the reference surface adjacent
to a said value sheet moving in said path moves
generally in the same direction as the direction of
travel of the value sheet in the path.

11. Value sheet testing apparatus comprising
an optical sensor, a path along which a value sheet

is transported past the optical sensor for testing

by the optical sensor, and a reference device

0 B



10

15

20

This Sheet Has Been Replace

. (I

adjacent to the path and bearing a reference surface

“having a predetermined optical characteristic and

consisting of at least one light coloured region for
reflecting light to the optical sensor, wherein the
reference device is movable such that, in use, at
least a portion of the reference surface adjacent to
a éaid value sheet moving in said path moves
generally in the same direction as the direction of
travel of the value sheet in the path.

12. Value sheet testing apparatus comprising
an optical sensor, a path along which a value sheet
is transported past the optical sensor for testing
by the optical sensor, a reference device installed
adjacent to the optical path and bearing an optical
reference surface used for testing the optical
sensor, the reference device being movable, in use,
to present different portions 6f the reference
surface to the optical sensor.

13. Value sheet testing apparatus comprising
an optical sensor, a path along which a value sheet
is transported past the optical sensor for testing

by the optical sensor, a reference device adjacent

* c L ] S *
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to the path and bearing a reference surface and

means operable to clean the reference surface.
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