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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a camera for
generating a biometrical signal of a living being. The
present invention relates further to a method for gener-
ating a biometrical signal of a living being.

BACKGROUND OF THE INVENTION

[0002] Pulse oximetry is a non-invasive method allow-
ing a monitoring of the oxygenation of a patient’s hemo-
globin using a pulse oximeter. A sensor is placed on a
thin part of a patient’s body, usually a finger tip or earlobe.
Red light with a wavelength around 650 nm and infrared
light with a wavelength around 850 to 940 nm are se-
quentially passed through the patient to a photodetector.
The changing absorbance of each of the two wave-
lengths is measured, allowing determination of the ab-
sorbances due to the pulsing arterial blood alone, exclud-
ing venous blood, skin, bone, muscle and fat. Based upon
the ratio of changing absorbance of the red and infrared
light caused by the difference in color between oxygen-
bound (bright red) and oxygen-unbound (dark red or blue
in severe cases) blood hemoglobin, a measure of oxy-
genation (the percent of hemoglobin molecules bound
with oxygen molecules) can be made. This is also called
SpO2 monitoring in the art.
[0003] Camera-based SpO2 monitoring is convention-
ally realized by two monochrome cameras with corre-
sponding optical band-pass filters, but this is non-practi-
cal due to the required alignment (i.e. spatial alignment
of the images from two or more sensors), complexity and
costs for many applications, such as applications in
sports, home-use or for implementation in smart devices,
such as mobile phones.
[0004] WO 2011/055288 A1 discloses a camera sys-
tem comprising a camera including an image sensor ar-
ray, an optical system for focusing light from a scene onto
the image sensor array and a camera processor for ad-
justing one or more lenses, filters, a diaphragm and the
like of the optical system, and for setting parameters of
the image sensor array, including integration time, gain,
discretisation threshold.

SUMMARY OF THE INVENTION

[0005] It is an object of the present invention to provide
a camera and a corresponding method for generating a
biometrical signal of a living being that can be applied in
a wider range of applications and that are less complex
and expensive compared to conventional camera-based
monitoring equipment and methods.
[0006] This object is achieved by a camera as defined
in claim 1 and a method defined in claim 10.
[0007] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that

the claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in
the dependent claims.
[0008] The present invention is based on the idea to
add a special filter to a camera for generating a biomet-
rical signal (also called vital sign) of a living being. While
in conventional cameras a filter is used that blocks inci-
dent infrared light so that mainly visible light is sensed
by a color sensor, e.g. an RGB sensor, according to the
present invention quite the contrary is proposed and a
filter is used that blocks incident visible light in a wave-
length range up to at least 550 nm, preferably up to at
least 600 nm. In other words, the spectral characteristics
of the camera are modified by placing a filter for blocking
incident visible light in the optical path of the camera so
that only light above a certain threshold wavelength hits
the color sensor.
[0009] The color sensor generates at least two different
color signals. These color signals are combined into at
least one combined color signal which is then further
processed to extract the desert biometrical signal. The
result is an inexpensive and rather simple camera with
near optimal spectral characteristics for biometrical sig-
nal detection, in particular for SpO2 monitoring and SpO2
imaging.
[0010] The invention is, however, not restricted to the
detection of an SpO2 signal, but may also extract other
biometrical signals, such as heart beat, cardiac cycle,
respiratory rate, depth of anesthesia or hypo- and hyp-
ervolemia of the living being. For instance, heart beat
(also called heart rate or HR) detection from the at least
one combined color signal is more robust with the pro-
posed camera and method and can even be done under
near dark illumination conditions since, according to the
present invention, mainly the infrared light is evaluated
rather than visible light as is conventionally done.
[0011] In a preferred embodiment the color sensor is
adapted for generating three different color signals, pref-
erably a red color signal, a green color signal and a blue
color signal. Of course, these color sensors also have a
sensitivity in the infrared wavelength range. The color
sensor is preferably a standard RGB sensor including a
photo detector and a color filter array for filtering the in-
cident light differently before hitting the photo detector.
In another embodiment the color sensor comprises a
separate (different) color detectors for detecting different
spectral parts of the incident light and generating different
color signals.
[0012] In general, CCD/CMOS sensor manufacturers
offer such sensors in monochrome (i.e. without color fil-
ters) and RGB (i.e. with a color filter array "printed" on
top of the pixels) versions. The spectral response of those
filters is optimized for the visible band. Increasing trans-
parency of green and blue filters in near-infrared band
(where the silicon of the sensor is still sensitive) is a side
effect of the used chemicals (dyes). It is normally solved
by equipping color cameras with IR-block filters by de-
fault.
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[0013] The present invention can thus also be under-
stood as a kind of misuse of such color sensors, in par-
ticular RGB color sensors(and their undesired behavior
in the near infrared spectral range) trying to obtain a sig-
nal that would otherwise require different custom made
optical filters.
[0014] The main reason for preferably using a stand-
ard, commercially available RGB sensor, is a cost factor
(these sensors are made in huge volumes). Custom
made color arrays are expensive when manufactured in
low numbers. Using more than one monochrome sensor
with optical filters, which is generally possible as well,
but increases the total system cost as well. Additionally,
it introduces spatial alignment and/or perspective prob-
lems of the images from different sensors.
[0015] In another preferred embodiment the combina-
tion unit is adapted for combining said at least two color
signals by a linear combination. Linear combinations
have been shown to provide good results. But in certain
circumstances, in particular dependent on the kind of
color sensor and/or the spectrum of the light source illu-
minating the living being, other combinations might be
used alternatively.
[0016] In another embodiment the combination unit is
adapted for generating two combined color signals by
making two different combinations, in particular linear
combinations, of at least two of said three generated color
signals. A good combination is a combination that mini-
mizes cross-talk between said at least two combined
color signals and thus maximizing contrast in the result-
ing biometrical signal. For instance, if the biometrical sig-
nal is extracted from the combined color signals by PPG
(photoplethysmography) extraction the contrast between
PPG amplitudes may thus be maximized.
[0017] A preferred combination leading to good results
generates a first combined color signal by adding the red
color signal and the green color signal and subtracting
two times the blue color signal from said sum and gen-
erates a second combined color signal by subtracting the
green color signal from two times the blue color signal.
[0018] In another embodiment said filter is adapted for
blocking incident visible light in a wavelength range up
to at least 650 nm. Generally, blue and green color de-
tectors have a local minimum in light transmission in the
wavelength range around 650 nm. It is preferred to block,
however, a green sensitivity peak in the visible spectrum
which is generally centered around 545 nm. A threshold
at a longer wavelength above 650 nm is not preferred
since this would reduce the contrast for the biometrical
signal detection. Those biometrical signals generally
have minima in a wavelength range around 660 nm which
thus represents a wavelength range in which the detec-
tion of the biometrical signal or the evaluation of a bio-
metrical signal can best be done.
[0019] Naturally, in imaging silicon sensors, as prefer-
ably used in the color sensor, the sensitivity decreases
towards longer wavelengths. If, however, this is not the
case for a certain color sensors another filter may be

placed in the optical path of the camera that blocks inci-
dent light in a wavelength range above at least 1100 nm,
in particular above at least 1000 nm, before reaching said
color sensor.
[0020] As mentioned above, the proposed camera
may be used for generating different kinds of biometrical
signals. One field of a preferred application of the present
invention is for extracting a heart beat signal from that at
least one combined color signal by PPG extraction.
[0021] A method to measure skin colour variations,
called Photo-Plethysmographic imaging (PPG), is de-
scribed in Wim Verkruysse, Lars O. Svaasand, and J.
Stuart Nelson, "Remote plethysmographic imaging using
ambient light", Optics Express, Vol. 16, No. 26, Decem-
ber 2008. It is based on the principle that temporal vari-
ations in blood volume in the skin lead to variations in
light absorptions by the skin. Such variations can be reg-
istered by a video camera that takes images of a skin
area, e.g. the face, while processing calculates the pixel
average over a manually selected region (typically part
of the cheek in this system). By looking at periodic vari-
ations of this average signal, the heart beat rate and res-
piratory rate can be extracted.
[0022] Thus, the pulsation of arterial blood causes
changes in light absorption. Those changes observed
with a photodetector (or an array of photodetectors) form
a PPG (photoplethysmography) signal (also called,
among other, a pleth wave). Pulsation of the blood is
caused by the beating heart, i.e. peaks in the PPG signal
correspond to the individual beats of the heart. Therefore,
a PPG signal is a heartbeat signal in itself. The normal-
ized amplitude of this signal is different for different wave-
lengths, and for some wavelengths it is also a function
of blood oxygenation.
[0023] To improve robustness of heart rate calculation,
it is beneficial to use more than one PPG signal, in par-
ticular signals obtained at different wavelengths in such
a way, that the difference of normalized amplitudes is
maximized. Division of one signal by the other helps to
eliminate distortions present in both signals.
[0024] Another field of application of the present inven-
tion is SpO2 estimation. Thus, preferably, the processing
means is adapted for extracting a SpO2 signal from said
at least one combined color signal by extracting at least
two PPG signals at different wavelengths and determin-
ing a SpO2 signal from said at least two PPG signals.
[0025] SpO2 estimation is based on the ratio of the
normalized amplitudes of PPG signal at two different
ranges of wavelengths (one at red and the other at infra-
red part of the spectrum): 
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[0026] From this "ratio of ratios", the SpO2 value is
obtained using experimentally defined constants C1 and
C2 

[0027] The biometrical signal being directly measured
is the PPG signal. SpO2 is calculated from two PPG sig-
nals. Similarly, other mentioned signals/properties (res-
piration, depth of anesthesia, etc.) are also derivatives
of the PPG signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows a schematic diagram of a camera ac-
cording to the present invention,
Fig. 2 shows a schematic diagram of another em-
bodiment of a camera according to the present in-
vention,
Fig. 3 shows a top view of a Bayer color filter array,
Fig. 4 shows a diagram illustrating the spectral char-
acteristics of a conventional color sensor,
Fig. 5 shows the used spectral parts of three different
color signals according to the present invention,
Fig. 6 shows the spectral sensitivities of two com-
bined color signals generated according to the
present invention,
Fig. 7 shows a diagram illustrating the normalized
amplitude over the PPG amplitude spectra for one
person and different SpO2 saturation values,
Fig. 8 shows diagrams for a sensitivity and normal-
ized amplitude to illustrate SpO2 signal evaluation,
Fig. 9 shows diagrams for sensitivity and normalized
amplitude illustrating HR signal evaluation, and
Figs. 10A to 10C show diagrams of the sensitivity of
another sensor without and with a filter for blocking
visible light and of two combined color channels.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Fig. 1 shows a schematic diagram of a first em-
bodiment of a camera 1 according to the present inven-
tion. Electromagnetic radiation 2, in particular light in the
visible and infrared wavelength range, reflected from a
living being 3, such as a patient, is received and evalu-
ated by said camera 1 for finally generating the biomet-
rical signal of the living being 3. The camera comprises
a filter 11 for blocking incident visible light within the in-
cident electromagnetic radiation 2 in a wavelength range
up to at least substantially 550 nm, preferably up to ap-
proximately 600 nm, even more preferably up to 650 nm.

The filtered incident light 4 is then sensed by a color sen-
sor 12 that generates at least two different color signals
5, 6, e.g. by use of two separate color detectors 13, 14
(or an array of such color detectors). A combination unit
15 generates at least one combined color signal 7 by
combining said color signals 5, 6, e.g. by a linear com-
bination. Finally, a processing unit 16 is provided for
processing said combined color signal 7 and extracting
at least one biometrical signal 8 of the living being 3.
[0030] The combination unit 15 and the processing unit
16 are preferably realized at a common processor 17,
e.g. are realized as processing elements of a processor
or are implemented in software on a conventional proc-
essor. However, they may also be realized in a different
manner, e.g. as dedicated hardware elements.
[0031] Fig. 2 schematically shows a second embodi-
ment of a camera 1’ according to the present invention.
Fig. 2 shows that optionally an additional filter 18 may be
provided (in this and/or other embodiments), which filter
18 is configured to block incident light in a wavelength
range above at least 1100 nm, in particular above at least
1000 nm, before reaching the color sensor 12’. While
generally those color sensors, e.g. imaging silicon sen-
sors, show a sensitivity that naturally decreases towards
longer wavelengths, such an additional filter 18 ensures
that signal contributions within the filtered incident light
4 above said upper threshold wavelength are blocked,
i.e. signal contributions in which water absorption be-
comes dominant are blocked in the twice filtered incident
light 4’.
[0032] Further, in this embodiment the color sensor 12’
generates three different color signals 5, 6, 9, e.g. by use
of a color filter array 20 having three different color filter
areas provided in front of a photo detector 19 (or, more
generally, the image sensor). Such a color sensor (e.g.
including a color filter array having only two color filter
areas could also be used in the embodiment shown in
Fig. 1. Preferably, the color sensor 12’ comprises a color
filter array generating a red color signal 5, a green color
signal 6 and a blue color signal 9 as conventionally pro-
vided by an RGB color sensor.
[0033] From the three color signals 5, 6, 9 the combi-
nation unit 15 generates two combined color signals 7a,
7b by making two different combinations, in particular
linear combinations, of at least two of said three color
signals 5, 6, 9. From these two combined color signals
7a, 7b the processing unit then finally extracts the desired
biometrical signal 8.
[0034] As explained above standard RGB cameras
use a color filter array overlaid over pixels of the image
sensor in a repetitive pattern. Such a Bayer color filter
array 20 that can also be used according to the present
invention is depicted in Fig. 3. Such a color filter array
comprises a number of red filter areas 21, blue filter areas
22 and green filter areas 23. The spectral response is
generally optimized for the visual representation of re-
corded images. However, such standard RGB cameras
are far from optimal for camera-based generation of bi-
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ometrical signals of a living being, in particular for cam-
era-based PPG extraction including the extraction of
heart rate signals and SpO2 signals. An option would be
the use of custom-made color filter arrays, but these are
generally an expensive alternative.
[0035] Further, conventionally an IR filter blocking in-
frared light is placed in front of the RGB camera to block
infrared light.
[0036] According to the present invention, instead, the
visible light is blocked with the filter 11 up to a predeter-
mined threshold wavelength, typically in the range from
550 to 650 nm (e.g. around 600 nm), and no extra infrared
filter is generally used. A color sensor 12 is preferably a
conventional color sensor, such as a standard RGB sen-
sor as used in an RGB camera which, in an embodiment,
may also include such a Bayer color filter array 20 as
shown in Fig. 3 or any other means for providing at least
two (preferably three) color signals.
[0037] The effects of the present invention shall be il-
lustrated by way of an example assuming the use of a
conventional RGB camera sensor including a Bayer color
filter array. The spectral characteristics of such a Bayer
color filter array are depicted in Fig. 4 showing the sen-
sitivity curve B for blue light, the sensitivity curve G for
green light and the sensitivity curve R for red light. By
default, conventional cameras are equipped with infrared
block filters, as mentioned above, to block infrared light,
particularly in the wavelength range above 650 nm, to
avoid influence of light from outside the visible range.
According to the present invention, however, such an IR
block filter is removed and actually the visible part of the
sensitivity spectrum is blocked up to a threshold wave-
length in the range from 550 to 650 nm as depicted in
the diagram shown in Fig. 5 showing only the part of the
spectra that are passing through the filter unit 11.
[0038] Next, in the combination unit 15, from these
three color signals R, G, B (representing the color signals
5, 6, 9 in this example) to combined color signals 7a, 7b
are generated by linear combinations of the color signals.
In particular, in an embodiment the first combined color
signal Ch1 (e.g. representing combined color signal 7a)
is defined as Ch1 = R - 2b + G and the second combined
color signal Ch2 (representing the second combined
color signal 7b) is defined as Ch2 = 2 B - G. The spectral
sensitivities of combined color signals Ch1 and Ch2 are
depicted in the diagram shown in Fig. 6. To be precise,
this diagram does not show any signals, but a spectral
sensitivity characteristic, where a signal is understood
as a time varying value obtained by integration of light
by those sensitivity curves.
[0039] Referring to the diagram shown in Fig. 4 show-
ing an effective spectral characteristic of the color filter
array and silicon sensitivity, which is generally the same
for all pixels, it can be seen that going from a wavelength
of 650 nm towards longer wavelengths, the filter areas
of the color sensor more or less maintain their transmis-
sion level, while the blue and green filter areas of the
color sensor are becoming more and more "transparent".

At some wavelength around 830 nm the silicon sensitivity
starts dropping down, which equally limits the light col-
lection by all three color channels. Further, it can be seen
that at a wavelength around 650 nm the blue and green
filter areas have a local minimum in light transmission.
[0040] According to the present invention, it has been
shown that it is desired to block the green filter peak in
the visible spectrum which is around 545 nm. On the
other hand, to avoid a severe reduction of the contrast
the upper threshold wavelength of the filter unit 11 should
not be substantially higher than 700 nm, particularly not
higher than 650 nm. The reason can be seen from the
diagram shown in Fig. 7 showing PPG amplitude spectra
for one person and different SpO2 saturation values from
85% to 100%. Since it is desired to capture the minima
of these curves, which minima are around 660 nm, the
upper threshold wavelength of the filter unit should not
be above the wavelength of these minima.
[0041] The present invention thus provides the option
to build a very inexpensive camera for generating a bio-
metrical signal of a living being, in particular of an SpO2
signal and/or heart rate signal. Fig. 8A show the sensi-
tivity for the two combined color signals Ch1 and Ch2 as
explained above, and Fig. 8B shows the PPG amplitude
spectra as depicted in Fig. 7. As indicated by the vertical
line through 800 nm the two combined color signals Ch1
and Ch2 are now near optimal SpO2 wavelength bands,
similar to those as obtained in conventional pulse oxime-
try. As mentioned above, conventional pulse oximetry
uses a red band (around 660 nm), where a significant
difference in light absorption between oxy- and deoxy-
hemoglobin exists, and an infra-red band (850-940 nm),
where this difference is much smaller and in the opposite
direction. A wavelength of 800 nm is an isosbestic point
of the hemoglobin, i.e. both oxy- and deoxyhemoglobin
have the same light absorption.
[0042] As explained above a SpO2 signal is extracted
from said at least one combined color signal by extracting
at least two PPG signals at different wavelengths and
determining a SpO2 signal from said at least two PPG
signals.
[0043] Fig. 9A also shows the two combined color sig-
nals Ch1, Ch2 as explained above, and Fig. 9B shows
unstable PPG amplitudes due to variations between in-
dividuals in the visible wavelength range as indicated by
arrow 30. The variations in the amplitude are for different
individuals (different modeled skin physiologies) and not
due to the oxygenations levels. As shown in these dia-
grams, for a simple detection of the heart rate a good
stable contrast in amplitude between the two channels
Ch1, Ch2 is desired as is given in this case. The conven-
tionally used green wavelength range (500 to 600 nm) is
strong in amplitude, but not stable. As explained above
a conventional PPG extraction algorithm can be applied
to the two channels to obtain a PPG signal representing
the heartbeat signal.
[0044] Figs. 10A to 10C show corresponding diagrams
for a different color sensor. Fig. 10A shows a diagram of
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the spectral characteristic of the color sensor and Fig.
10B shows a diagram of the spectral characteristic of
said color sensor with a filter blocking visible light. Fig.
10C shows a diagram of the virtual color channels Ch1
and Ch2 resulting from a combination of RGB, where
Ch1 = R-B and Ch2 = 1.5*B - 0.5*G.
[0045] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims.
[0046] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single element
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.
[0047] A computer program may be stored/distributed
on a suitable non-transitory medium, such as an optical
storage medium or a solid-state medium supplied togeth-
er with or as part of other hardware, but may also be
distributed in other forms, such as via the Internet or other
wired or wireless telecommunication systems.
[0048] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Camera for generating a biometrical signal of a living
being comprising:

- a filter (11) for blocking incident visible light in
a wavelength range up to a threshold wave-
length between 550 nm and 650 nm so that only
light from above said threshold wavelength
passes through said filter (11),
- a color sensor (12, 12’) for receiving said fil-
tered incident light and generating at least two
different color signals,
- a combination unit (15) for generating at least
one combined color signal by combining said at
least two color signals, and
- a processing unit (16) for processing said at
least one combined color signal and extracting
at least one biometrical signal of said living be-
ing.

2. Camera as claimed in claim 1,
wherein said color sensor (12) is adapted for gener-
ating at least three color signals.

3. Camera as claimed in claim 2,
wherein said color sensor (12’) is adapted for gen-
erating a red color signal, a green color signal and
a blue color signal.

4. Camera as claimed in claim 1,
wherein said combination unit (15) is adapted for
combining said at least two color signals by a linear
combination.

5. Camera as claimed in claim 2,
wherein said combination unit (15) is adapted for
generating two combined color signals by making
two different combinations, in particular linear com-
binations, of at least two of said three color signals.

6. Camera as claimed in claim 3,
wherein said combination unit (15) is adapted for
generating a first combined color signal by adding
the red color signal and the green color signal and
subtracting two times the blue color signal from said
sum and for generating a second combined color
signal by subtracting the green color signal from two
times the blue color signal.

7. Camera as claimed in claim 1,
wherein said processing unit (16) is adapted for ex-
tracting a heartbeat, cardiac cycle, respiratory rate,
SpO2, depth of anesthesia or hypo- and hypervo-
lemia of the living being from said at least one com-
bined color signal.

8. Camera as claimed in claim 1,
wherein said processing unit (16) is adapted for ex-
tracting a SpO2 signal from said at least one com-
bined color signal by extracting at least two PPG
signals at different wavelengths and determining a
SpO2 signal from said at least two PPG signals.

9. Camera as claimed in claim 1,
wherein said processing unit (16) is adapted for ex-
tracting a heartbeat signal from said at least one
combined color signal by PPG extraction.

10. Method for generating a biometrical signal of a living
being using a camera as claimed in any one of claims
1 to 9, comprising the steps of:

- blocking incident visible light in a wavelength
range up to a threshold wavelength between 550
nm and 650 nm so that only light from a part of
spectra above said threshold wavelength pass-
es through a filter,
- receiving said filtered incident light by a color
sensor,
- generating at least three different color signals,
- generating at least one combined color signal
by combining said at least two color signals, and
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- processing said at least one combined color
signal and extracting at least one biometrical sig-
nal of said living being.

Patentansprüche

1. Kamera zur Erzeugung eines biometrischen Signals
eines Lebewesens, umfassend:

- einen Filter (11) zum Blockieren von einfallen-
dem sichtbaren Licht in einem Wellenlängenbe-
reich bis zu einer Schwellenwert-Wellenlänge
zwischen 550 nm und 650 nm, so dass nur Licht
über der genannten Schwellenwert-Wellenlän-
ge den genannten Filter (11) durchquert,
- einen Farbsensor (12, 12’) zum Empfangen
des genannten gefilterten einfallenden Lichts
und zum Erzeugen von mindestens zwei ver-
schiedenen Farbsignalen,
- eine Kombiniereinheit (15) zum Erzeugen von
mindestens einem kombinierten Farbsignal
durch Kombinieren der genannten mindestens
zwei Farbsignale, und
- eine Verarbeitungseinheit (16) zum Verarbei-
ten von mindestens einem kombinierten Farb-
signal und zum Extrahieren von mindestens ei-
nem biometrischen Signal des genannten Le-
bewesens.

2. Kamera nach Anspruch 1,
wobei der genannte Farbsensor (12) dafür ausgelegt
ist, mindestens drei Farbsignale zu erzeugen.

3. Kamera nach Anspruch 2,
wobei der genannte Farbsensor (12’) dafür ausge-
legt ist, ein rotes Farbsignal, ein grünes Farbsignal
und ein blaues Farbsignal zu erzeugen.

4. Kamera nach Anspruch 1,
wobei die genannte Kombiniereinheit (15) dafür aus-
gelegt ist, die genannten mindestens zwei Farbsig-
nale durch eine lineare Kombination zu kombinieren.

5. Kamera nach Anspruch 2,
wobei die genannte Kombiniereinheit (15) dafür aus-
gelegt ist, zwei kombinierte Farbsignale durch Her-
stellen von zwei verschiedenen Kombinationen, ins-
besondere linearen Kombinationen, von mindestens
zwei der genannten drei Farbsignale zu erzeugen.

6. Kamera nach Anspruch 3,
wobei die genannte Kombiniereinheit (15) dafür aus-
gelegt ist, ein erstes kombiniertes Farbsignal durch
Addieren des roten Farbsignals und des grünen
Farbsignals und Subtrahieren des Zweifachen des
blauen Farbsignals von der genannten Summe zu
erzeugen und ein zweites kombiniertes Farbsignal

durch Subtrahieren des grünen Farbsignals von dem
Zweifachen des blauen Farbsignals zu erzeugen.

7. Kamera nach Anspruch 1,
wobei die genannte Verarbeitungseinheit (16) dafür
ausgelegt ist, einen Herzschlag, einen Herzzyklus,
eine Atemfrequenz, einen Sp02-Wert, eine Tiefe der
Anästhesie oder Hypo- und Hypervolämie des Le-
bewesens aus dem genannten mindestens einen
kombinierten Farbsignal zu extrahieren.

8. Kamera nach Anspruch 1,
wobei die genannte Verarbeitungseinheit (16) dafür
ausgelegt ist, ein Sp02-Signal aus dem genannten
mindestens einen kombinierten Farbsignal durch
Extrahieren von mindestens zwei PPG-Signalen bei
verschiedenen Wellenlängen und Ermitteln eines
Sp02-Signals anhand der genannten mindestens
zwei PPG-Signale zu extrahieren.

9. Kamera nach Anspruch 1,
wobei die genannte Verarbeitungseinheit (16) dafür
ausgelegt ist, ein Herzschlagsignal aus dem ge-
nannten mindestens einen kombinierten Farbsignal
durch PPG-Extraktion zu extrahieren.

10. Verfahren zur Erzeugung eines biometrischen Sig-
nals eines Lebewesens unter Verwendung einer Ka-
mera nach einem der Ansprüche 1 bis 9, wobei das
Verfahren die folgenden Schritte umfasst:

- Blockieren von einfallendem sichtbaren Licht
in einem Wellenlängenbereich bis zu einer
Schwellenwert-Wellenlänge zwischen 550 nm
und 650 nm, so dass nur Licht von einem Spek-
tralbereich über der genannten Schwellenwert-
Wellenlänge einen Filter durchquert,
- Empfangen des genannten gefilterten einfal-
lenden Lichts durch einen Farbsensor,
- Erzeugen von mindestens zwei verschiedenen
Farbsignalen,
- Erzeugen von mindestens einem kombinierten
Farbsignal durch Kombinieren der genannten
mindestens zwei Farbsignale, und
- Verarbeiten von mindestens einem kombinier-
ten Farbsignal und Extrahieren von mindestens
einem biometrischen Signal des genannten Le-
bewesens.

Revendications

1. Caméra pour générer un signal biométrique d’un être
vivant comprenant :

- un filtre (11) pour bloquer la lumière visible in-
cidente dans une plage de longueur d’onde al-
lant jusqu’à une longueur d’onde seuil entre 550
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nm et 650 nm de sorte que seule la lumière d’au-
dessus de ladite longueur d’onde seuil passe à
travers ledit filtre (11),
- un capteur de couleur (12, 12’) pour recevoir
ladite lumière incidente filtrée et générer au
moins deux signaux de couleur différents,
- une unité de combinaison (15) pour générer
au moins un signal de couleur combiné en com-
binant lesdits deux signaux de couleur, et
- une unité de traitement (16) pour traiter ledit
au moins un signal de couleur combiné et ex-
traire au moins un signal biométrique dudit être
vivant.

2. Caméra selon la revendication 1,
dans laquelle ledit capteur de couleur (12) est adapté
pour générer au moins trois signaux de couleur.

3. Caméra selon la revendication 2,
dans laquelle ledit capteur de couleur (12’) est adap-
té pour générer un signal de couleur rouge, un signal
de couleur verte et un signal de couleur bleue.

4. Caméra selon la revendication 1,
dans laquelle ladite unité de combinaison (15) est
adaptée pour combiner lesdits au moins deux si-
gnaux de couleur par une combinaison linéaire.

5. Caméra selon la revendication 2,
dans laquelle ladite unité de combinaison (15) est
adaptée pour générer deux signaux de couleur com-
binés en créant deux combinaisons différentes, en
particulier des combinaisons linéaires, d’au moins
deux desdits trois signaux de couleur.

6. Caméra selon la revendication 3,
dans laquelle ladite unité de combinaison (15) est
adaptée pour générer un premier signal de couleur
combiné en ajoutant le signal de couleur rouge et le
signal de couleur verte et en soustrayant deux fois
le signal de couleur bleue de ladite somme et pour
générer un deuxième signal de couleur combiné en
soustrayant le signal de couleur verte de deux fois
le signal de couleur bleue.

7. Caméra selon la revendication 1,
dans laquelle ladite unité de traitement (16) est adap-
tée pour extraire un battement de coeur, un cycle
cardiaque, une fréquence respiratoire, la Sp02, la
profondeur d’anesthésie ou d’hypo- et d’hypervolé-
mie de l’être vivant à partir dudit au moins signal de
couleur combinée.

8. Caméra selon la revendication 1,
dans laquelle ladite unité de traitement (16) est adap-
tée pour extraire un signal de Sp02 dudit au moins
un signal de couleur combiné en extrayant au moins
deux signaux PPG à différentes longueurs d’onde

et déterminer un signal de Sp02 à partir desdits au
moins deux signaux PPG.

9. Caméra selon la revendication 1,
dans laquelle ladite unité de traitement (16) est adap-
tée pour extraire un signal de battement de coeur
dudit au moins un signal de couleur combiné par
extraction de PPG.

10. Procédé pour générer un signal biométrique d’un
être vivant en utilisant une caméra selon l’une quel-
conque des revendications 1 à 9, comprenant les
étapes consistant à :

- bloquer la lumière visible incidente dans une
plage de longueur d’onde allant jusqu’à une lon-
gueur d’onde seuil entre 550 nm et 650 nm de
sorte que seule la lumière provenant de spectres
au-dessus de ladite longueur d’onde seuil passe
à travers un filtre,
- recevoir ladite lumière incidente filtrée par un
capteur de couleur,
- générer au moins trois signaux de couleur dif-
férents,
- générer au moins un signal de couleur combiné
en combinant lesdits au moins deux signaux de
couleur, et
- traiter ledit au moins un signal de couleur com-
biné et extraire au moins un signal biométrique
dudit être vivant.
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