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(54) BANKNOTE IMAGING

(57) A method of obtaining a plurality of infrared im-
ages of a banknote comprising: simultaneously illuminat-
ing the banknote with infrared light at a first wavelength
and infrared light at a second wavelength; capturing an
image of the banknote with an RGB camera; obtaining
from both a first output channel signal and a second out-
put channel signal of the RGB camera sensor the inten-

sity distribution of the infrared light at the first wavelength
and the intensity distribution of the infrared light at the
second wavelength using a first calibration coefficient
and a second calibration coefficient of the RGB camera
sensor; and producing separate infrared images of the
banknote at the first wavelength and the second wave-
length from the respective intensity distributions.
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Description

[0001] The present invention relates generally to the
acquisition of an image of a banknote, a security docu-
ment, or the like. More specifically, the present invention
relates to obtaining images of a banknote in the infrared
region of the electromagnetic spectrum for the purpose
of identification and verification of the authenticity and
denomination of the banknote.
[0002] Many conventional banknote validation devices
are known within the field of banknote characterisation
and authentication. Typically, a banknote validator de-
vice will utilise an optical sensor arrangement to interro-
gate and obtain information relating to an inserted ban-
knote. The optical sensor arrangement may include vis-
ible, infrared and ultraviolet light sources, and one or
more image sensor to receive and record reflected, trans-
mitted and/or fluoresced light from the banknote under
investigation.
[0003] Because of advances in anti-forgery technolo-
gy, some currency banknotes now include sophisticated
inks that have different spectral characteristics over the
range of the electromagnetic spectrum. For example,
some current currency banknotes contain inks that ex-
hibit absorption spectra which vary over the infrared sec-
tor of the electromagnetic spectrum. Consequently, it is
desirable for the optical sensor arrangement of a ban-
knote validator device to be configured so as to be able
to resolve these different absorption spectra to enable
the banknote validator device to correctly recognise ban-
knotes with the infrared variable inks.
[0004] In order that the banknotes having this variable
absorption spectra in the infrared region can be correctly
identified, it is necessary to illuminate the banknote at
more than one infrared wavelength, and this requires the
provision of more than one infrared light source. Alterna-
tively, a single incandescent infrared light source can be
used. However, such a source has a variable output, is
less reliable than an LED, and is more difficult to accu-
rately control.
[0005] A problem arises when attempting to illuminate
a banknote with, for example, two distinct wavelengths
of infrared light, because the conventional RGB camera
used in a typical banknote validator cannot resolve be-
tween the two infrared wavelengths at the same time. It
would therefore be necessary to illuminate the banknote
sequentially with the first infrared wavelength and then
the second infrared wavelength. However, this solution
leads to a further problem in that the overall illumination
time and additional image acquisition time would require
a reduction in the throughput speed of the banknote un-
der investigation.
[0006] Another possible solution would be to introduce
infrared filters into the optical sensor arrangement of the
banknote validator. This solution is not desirable since it
would necessarily lead to an unwanted increase in the
overall cost of the optical sensor arrangement and may
additionally require enlargement of the overall size of the

optical sensor arrangement.
[0007] The present invention seeks to overcome the
above described problems associated with conventional
banknote validators.
[0008] According to an aspect of the present invention
there is provided a method of obtaining a plurality of in-
frared images of a banknote as defined in claim 1.
[0009] Preferably, the first calibration coefficient is de-
fined as a ratio of the first output channel signal amplitude
at the infrared light first wavelength to the second output
channel signal amplitude at the infrared light first wave-
length. The second calibration coefficient is defined as a
ratio of the second output channel signal amplitude at
the infrared light second wavelength to the first output
channel signal amplitude at the infrared light second
wavelength.
[0010] Preferably, the first output channel is the RGB
camera sensor Red channel, and the second output
channel is the RGB camera sensor Blue channel.
[0011] Preferably, the RGB camera sensor is a CMOS
or CCD image sensor, and the sensor includes a Bayer
filter matrix.
[0012] An embodiment of the present invention will
now be described, by way of example only, with reference
to the accompanying schematic drawings, in which:

Figure 1 shows a banknote validator optical arrange-
ment configured for transmission mode;

Figure 2 shows the banknote validator optical ar-
rangement configured for reflection mode;

Figure 3 shows wavelength distribution for the output
channels of an RGB camera;

Figure 4 shows a detail of the wavelength distribution
around the infrared wavelengths of interest;

Figure 5 is an image of a banknote in the visible
region of the spectrum;

Figure 6 is an image of the banknote in the infrared
region of the spectrum;

Figure 7 is an image of the banknote at a first infrared
wavelength; and

Figure 8 is an image of the banknote at a second
infrared wavelength.

[0013] As shown in Figure 1, a banknote validator op-
tical arrangement comprises a light source 1, an RGB
camera 2 and a control unit 3. The banknote validator
optical arrangement also includes an optional UV light
source 5.
[0014] In transmission mode, as shown in Figure 1, the
light source 1 illuminates a banknote 6 from below. The
light source 1 includes a plurality of LEDs [not shown].
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One LED operates in the visible region of the electro-
magnetic spectrum, typically a white LED, a second LED
emits infrared light at a first wavelength, and a third LED
emits infrared light at a second wavelength.
[0015] In a preferred embodiment, the first wavelength
is 730nm, and the second wavelength is 880nm. How-
ever, the reader will be aware that these wavelengths
are examples only, and any wavelengths can be selected
dependent upon the requirements of a given application.
[0016] Visible light and infrared light 1’ passing through
the banknote 6 under investigation is reflected by reflec-
tor element 4 towards the RGB camera 2.
[0017] The RGB camera 2 is a conventional digital
camera comprising optics and a sensor [not shown]. The
sensor is typically a CCD sensor or a CMOS sensor. In
either case, the sensor will include a conventional Bayer
filter matrix. The output of the sensor is directly connected
to the control unit 3 via a red channel 7, a green channel
8, and blue channel 9 in a known manner. The control
unit 3 includes a processor [not shown] including RGB
control logic for receiving, processing and analysing the
RGB data received from the RGB camera 2.
[0018] The optional UV light source 5, which includes
at least one UV LED, illuminates the banknote with UV
light 5’ which excites fluorescence in the banknote 6. The
fluorescent image data from the banknote 6 is collected
by the RGB camera and passed to the control unit 3 for
analysis.
[0019] In a preferred embodiment, three separate im-
ages of the banknote 6 are obtained in sequence: (i) im-
age taken with white LED only on; (ii) image taken with
infrared LEDs only on; and (iii) image taken with the UV
LED only on.
[0020] In a similar manner to that which is described
above, and as shown in Figure 2, the banknote validator
optical arrangement can be configured for operation in
reflection mode. Here, the RGB camera 2 is positioned
to directly collect images of the banknote 6 without re-
quiring a reflector element 4. However, the skilled reader
will be aware that the banknote validator optical arrange-
ment can be configured in such a manner that it may
operate simultaneously in both reflection and transmis-
sion modes with the inclusion of a suitable two-way re-
flector element 4.
[0021] As will be known to the skilled reader, a con-
ventional Bayer filter matrix does not include any infrared
filters. Consequently, to separate an infrared image from
a visible image of a banknote it has been conventionally
necessary to incorporate at least one infrared filter within
the optical arrangement of the banknote validator. As not-
ed above, this leads to a commensurately larger and
more expensive optical arrangement.
[0022] Advantageously, it has been found that an im-
age of a banknote undergoing illumination by infrared
light at two differing wavelengths can be separated into
two distinct images by manipulation of the relative differ-
ences in the efficiencies of the colour filters within the
Bayer filter matrix of a conventional RGB camera.

[0023] Figure 3 illustrates the characteristic outputs of
the red, blue and green channels of an RGB camera sen-
sor. Wavelength range 10 represents the area of the in-
frared spectrum that is of interest in the particular exam-
ple discussed herein.
[0024] Figure 4 shows an exploded view of the wave-
length range 10 shown in Figure 3. The banknote 6 has
been simultaneously illuminated by a first LED operating
at a wavelength of 730nm, and a second LED operating
at a wavelength of 880nm.
[0025] The red channel trace 11 represents the spec-
tral response of the red-pass filter of the Bayer filter ma-
trix, and the blue channel trace 12 represents the spectral
response of the blue-pass filter of the Bayer filter matrix.
[0026] As shown in Figure 4, the blue and red filters
respond differently at 730nm and 880nm respectively.
The coefficients α and β represent the relative amount
of light transmission by the red-pass filter at 730nm and
880nm respectively. Likewise, the coefficients γ and δ
represent the relative amount of light transmission by the
blue-pass filter at 730nm and 880nm respectively.
[0027] The coefficients α, β, δ and γ can be determined
by a calibration process using calibration paper under
separate illumination by the 730nm LED and then the
880nm LED. The use of calibration paper will be known
to the skilled reader of the present application.

IMAGE EXTRACTION

[0028] To extract an image produced by the individual
infrared LEDs it is necessary to quantify contributions
from each LED to the red and blue filters by defining two
ratios:

[0029] For any given sensor pixel the intensity at wave-
length 730nm is given as I(a), and the intensity at wave-
length 880nm is given as I(b). So, for each pixel under a
blue-pass filter, the total light intensity, B, is given by: 

[0030] Likewise, for each pixel under a red-pass filter,
the total light intensity, R, is given by: 

[0031] From equations (1), (2) and (3) we obtain: 
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[0032] From equation (4) for we obtain: 

[0033] And from equations (5) and (6) we obtain: 

[0034] Similarly, we obtain: 

[0035] Using equations (7) and (8), the RGB control
logic calculates the image data for each of the infrared
LEDs, which can then be combined to produce a distinct
extracted image at 730nm and at 880nm respectively.
[0036] Figure 5 shows a banknote image 13 taken
whilst illuminated by a white LED only. Figure 6 shows
an image 13’ of the same banknote as shown in Figure
5 taken whilst illuminated by the 730nm infrared LED and
the 880nm infrared LED.
[0037] Figure 7 shows a schematic representation of
an extracted image for illumination by the 730nm LED
only. Figure 8 shows an extracted image of the same
banknote. Here, the image is what would have been ob-
served if the banknote had been illuminated by the 880nm
LED only.
[0038] In this way, two separate images of the ban-
knote, Figures 7 and 8, can be extracted without the need
for sequentially illuminating the banknote with the first
infrared LED and then with the second infrared LED, or
the need for incorporating infrared filters in the Bayer filter
matrix of the RGB camera sensor.

Claims

1. A method of obtaining a plurality of infrared images
of a banknote comprising:

simultaneously illuminating the banknote with
infrared light at a first wavelength and infrared
light at a second wavelength;
capturing an image of the banknote with an RGB
camera;
obtaining from both a first output channel signal
and a second output channel signal of the RGB
camera sensor the intensity distribution of the
infrared light at the first wavelength and the in-

tensity distribution of the infrared light at the sec-
ond wavelength using a first calibration coeffi-
cient and a second calibration coefficient of the
RGB camera sensor; and
producing separate infrared images of the ban-
knote at the first wavelength and the second
wavelength from the respective intensity distri-
butions.

2. A method as claimed in claim 1, wherein the first
calibration coefficient is defined as a ratio of the first
output channel signal amplitude at the infrared light
first wavelength to the second output channel signal
amplitude at the infrared light first wavelength; and
wherein the second calibration coefficient is defined
as a ratio of the second output channel signal am-
plitude at the infrared light second wavelength to the
first output channel signal amplitude at the infrared
light second wavelength.

3. A method as claimed in claim 1 or 2, wherein a first
output channel is the RGB camera sensor Red chan-
nel, and wherein a second output channel is the RGB
camera sensor Blue channel.

4. A method as claimed in any of claims 1 to 3, wherein
the RGB camera sensor is a CMOS or CCD image
sensor.

5. A method as claimed in claim 4, wherein the RGB
camera sensor includes a Bayer filter matrix.

6. A method as claimed in any preceding claim, wherein
the first wavelength is 730nm and the second wave-
length is 880nm.

7. A method as claimed in claim 7, wherein the first and
second wavelengths are emitted from a first infrared
LED and a second infrared LED respectively.
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