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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method of photop-
lethysmography, a system for carrying out photoplethys-
mography, and a computer program.

FIELD OF THE INVENTION

[0002] Verkruysse, W. et al., "Remote plethysmo-
graphic imaging using ambient light", Optics Express 16
(26), 22 December 2006, pp. 21434-21445 discloses a
method in which photoplethysmographic signals were
measured remotely using ambient light and a simple con-
sumer-level digital camera in movie mode. Heart and res-
piration rates could be quantified up to several harmon-
ics. Although the green channel featured the strongest
photoplethysmographic signal, corresponding to an ab-
sorption peak by (oxy-)hemoglobin, the red and blue
channels also contained photoplethysmographic infor-
mation.
[0003] A problem of the known method is that the green
channel may be subject to noise that makes it difficult to
retrieve the photoplethysmographic signal of interest.
This is true to an even greater extent of the other chan-
nels, which are only weakly correlated with the biometric
signal.

SUMMARY OF THE INVENTION

[0004] It is desirable to provide a method and system
of the types mentioned above that increase the likelihood
of being able to retrieve a relatively clear biometric signal
even where there is noise in the green channel.
[0005] This object is achieved by the method according
to the invention, which includes:

using a signal processing system for processing a
signal based on at least one signal from at least one
sensor arranged to capture light from a living subject
to extract information on a characteristic of a periodic
biological phenomenon,
wherein at least one of the signals from at least one
sensor is obtained by using at least one of a light
source and a filter placed before the at least one
sensor where the filter is tuned to a wavelength cor-
responding to a peak of an absorption spectrum of
water.

[0006] Thus, the method makes use of a channel sen-
sitive to variations in reflected and/or transmitted light
due to pulsating blood plasma flow. The signal in this
channel can be used in addition to or as an alternative
to a channel sensitive to variations in the amount of ox-
yhemoglobin in the illuminated area. Because a different
frequency of light is used, there is a greater likelihood
that a stronger signal will be obtained in circumstances

in which there is noise in a green channel.
[0007] In an embodiment, the peak is in a range cor-
responding to a range of wavelengths of electromagnetic
radiation in air of above 750 nm.
[0008] This embodiment is suitable for use in situations
in which it is undesirable to have visible light. Examples
include public spaces, military triage, monitoring at night
and neonatal incubators.
[0009] In a variant of this embodiment, the peak is in
a range corresponding to a range of wavelengths smaller
than 1100 nm.
[0010] This embodiment has the effect that it is possi-
ble to use photosensors (including arrays of photodiodes)
implemented in silicon technology. Such sensors gener-
ally show a peak in their sensitivity around 800 nm or 900
nm. At 1000 nm, the sensitivity is slightly lower, but still
high enough to detect photons in this spectral range, in
which there are also favorable peaks in the absorption
spectrum of water, in particular at 970 nm. There are
many commercially available and cheap silicon-based
sensors, e.g. CMOS and CCD arrays.
[0011] An embodiment of the method includes direct-
ing polarized light onto the living subject and capturing
light from the living subject through a polarization de-
pendent filter.
[0012] This embodiment has the effect of eliminating
ambient light, including in particular also light with peri-
odic components.
[0013] In an embodiment, the signal obtained by using
at least one of a light source and a filter placed before
the at least one sensor tuned to a peak in the absorption
spectrum of water is obtained from a first sensor and a
second signal is obtained from a second sensor, ar-
ranged to capture light from the living subject in a different
wavelength range than the first sensor.
[0014] The signal from the first sensor, although includ-
ing a strong component representative of pulsating blood
flow, can also include artefacts due to movement of the
living subject and/or illumination changes. The second
signal can be representative of captured light in a wave-
length range that is not particularly sensitive to blood flow
changes, but that includes the same artefacts due to
movement of the living subject and/or illumination chang-
es. Thus, the second signal can be used to correct the
first signal by removing components not representative
of generally periodic biological phenomena.
[0015] In an embodiment the second sensor is ar-
ranged to capture green light.
[0016] A variant of this embodiment includes using a
beam splitting arrangement to split light from the living
subject into a beam directed onto the first sensor and a
beam directed onto the second sensor.
[0017] This makes the correction carried out using the
signal from the second sensor more accurate, because
the signals both include components representative of
illumination changes or movements of the same surface
area of the living subject. The splitting can be in the wave-
length domain or it can be a polarization split.
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[0018] A further variant includes subtracting a signal
at least based on only the second of the first and second
signals from a signal at least based on only the first of
the first and second signals.
[0019] This variant can be implemented using relative-
ly simple signal processing techniques. Complicated sig-
nal analysis is not required. The subtraction can in par-
ticular also be carried out in the time domain. The signals
used in the subtraction operation can be at least based
on the signals from the first and second sensors in that
they correspond or in that they are obtainable by applying
a gain smaller or larger than one, depending on the im-
plementation.
[0020] A further variant includes, prior to using the sen-
sors to capture light from the living subject, using the
sensors to capture light from a calibration surface and
adjusting parameters affecting at least one of the capture
of light and a provision of signals at least based on the
signals from the sensors, so as to adjust at least one of
amplitude and phase of the respective signals at least
based on the signals from the first and second sensors
to each other.
[0021] An effect is that the signals from the first and
second sensors, or signals based on these respective
signals by being obtainable by simple multiplication, for
instance, can be directly subtracted from one another, in
particular also in the time domain, when the method is
applied to the living subject.
[0022] According to another aspect of the invention,
there is provided a system for carrying out photoplethys-
mography, including:

at least one sensor for capturing light from a living
subject;
a signal processing system arranged to process a
signal based on at least one signal from the at least
one sensor to extract information on a characteristic
of a periodic biological phenomenon; and
at least one of a light source and a filter placed before
at least one of the sensors where the filter is tuned
to a wavelength corresponding to a peak of an ab-
sorption spectrum of water.

[0023] In an embodiment, the system is arranged to
carry out a method according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The invention will be explained in further detail
with reference to the accompanying drawings, in which:

Fig. 1 is a schematic diagram of a first system for
remote photoplethysmography;
Fig. 2 is a schematic diagram of a second system
for remote photoplethysmography; and
Fig. 3 is a schematic diagram of third system for re-
mote photoplethysmography;
Fig. 4 is a flow chart illustrating steps in a first method

of obtaining a signal for analysis to determine a char-
acteristic of a periodic biological phenomenon;
Fig. 5 is a flow chart illustrating steps in a second
method of obtaining a signal for analysis to deter-
mine a characteristic of a periodic biological phe-
nomenon; and
Fig. 6 is a schematic diagram of a fourth system for
remote photoplethysmography.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] Several embodiments of a system for remote
photoplethysmography will be explained herein. Photo-
plethysmography is a method for characterizing certain
periodic physiological phenomena using skin reflectance
variations. The human skin can be modeled as an object
with at least two layers, one of those being the epidermis
(a thin surface layer) and the other the dermis (a thicker
layer underneath the epidermis). Approximately 5 % of
an incoming ray of light is reflected in the epidermis,
which is the case for all wavelengths and skin colors. The
remaining light is scattered and absorbed within the two
skin layers in a phenomenon known as body reflectance
(described in the Dichromatic Reflection Model). The ep-
idermis behaves like an optical filter, mainly absorbing
light. In the dermis, light is both scattered and absorbed.
The absorption is dependent on the blood composition,
so that the absorption is sensitive to blood flow variations.
The optical properties of the dermis are generally he
same for all human races. The dermis contains a dense
network of blood vessels, about 10 % of an adult’s total
vessel network. These vessels contract according of the
blood flow in the body. They consequently change the
structures of the dermis, which influences the reflectance
of the skin layers. Consequently, the heart rate can be
determined from skin reflectance variations.
[0026] A first system for photoplethysmography (Fig.
1) comprises a light source 1 and an optical system for
focusing light from the light source onto an area of ex-
posed skin of a living subject, e.g. a human being. The
optical system in the illustrated embodiment comprises
a beam splitter 2 and a first lens 3.
[0027] Reflected light is collected by the first lens 3,
reflected in the beam splitter 2 and focused by a second
lens 4 onto a photosensor 5. In other embodiments, the
optical system comprises further elements, including one
or more elements such as lenses, concentrators, beam
splitters, prisms and the like.
[0028] In the illustrated embodiment, the light passes
a filter 6. The filter 6 is at least wavelength-dependent,
being arranged to pass a narrow band of wavelengths
centered on a wavelength corresponding to a peak in the
absorption spectrum of water. The pass-band has a width
dependent on the position of the peak in the absorption
spectrum of water. Generally, the width is such that the
full width half maximum of the absorption peak is con-
tained within the pass-band. The width can therefore
range from 100 nm to 1 • m. Peaks in the absorption
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spectrum of water occur at frequencies corresponding to
wavelengths of 514, 606, 660 and 739 nm within the vis-
ible spectrum. Further peaks occur at 836 and 970 nm
just outside the visible part of the spectrum. The latter
values are used in embodiments in which ambient light-
ing levels are low and the light source 1 should not emit
too much visible light. Indeed, in certain such embodi-
ments, the light source 1 is not used at all, the signal
provided by the photosensor 5 being entirely due to re-
flected ambient electromagnetic radiation.
[0029] In embodiments in which the light source 1 is
used, the filter 6 and the light source 1 can be polarization-
dependent. In this way, the signal from the photosensor
5 can be kept generally free of variations due to changing
ambient light levels.
[0030] In the illustrated embodiment, the signal from
the photosensor 5 is obtained by a data processing de-
vice 7, which can be a programmed general-purpose
computing device or an application-specific device.
[0031] The data processing device 7 also provides
control signals to a controller 8 and driver 9 for powering
the light source 1. In an embodiment, these two compo-
nents 8,9 are integrated into a single device with the data
processing device 7.
[0032] In order to increase the signal-to-noise ratio of
the signal from the photosensor 5, heterodyne detection
can be employed. The light emitted by the light source 1
is modulated at a certain frequency v. The photosensor
5 will therefore provide a signal that is at the same fre-
quency and light at other frequencies. The light at the
other frequencies can be rejected.
[0033] In an embodiment, the light source 1 is arranged
to emit light with a broad spectrum. In another embodi-
ment, the light source 1 is tuned to a frequency corre-
sponding to a peak in the absorption spectrum of water.
In particular, this frequency is generally the same as the
one to which the wavelength-dependent filter 6 is tuned.
If the frequency corresponds to a wavelength in air of
836 nm or 970 nm, then no visible electromagnetic radi-
ation is emitted.
[0034] The data processing device 7 carries out such
operations as filtering and analysis. In particular, the data
processing device 7 is arranged to determine the fre-
quency at which the spectrum of the signal or filtered
signal has a local maximum, at least in a predetermined
range corresponding to the range in which a signal as-
sociated with a periodic biological phenomenon is ex-
pected to be present. Thus, the heart rate or respiration
rate of the individual from whom the captured light ema-
nates can be determined. Information representative of
the determined value is provided on an output device 10.
[0035] It is also possible to use light at a frequency
corresponding to a peak in the absorption spectrum of
water in addition to light at a different frequency. This is
illustrated in Fig. 2, where a system similar to the system
of Fig. 1, but with three light sources 11-13, is shown. In
the illustrated embodiment, use is also made of an optical
system comprising a beam splitter 14, a first lens 15 for

focusing light onto exposed skin of a living being and
collecting light reflected back from the skin, and a second
lens 16 and polarization-dependent filter 17.
[0036] Each of the three photosensors 18-20 is sensi-
tive to electromagnetic radiation in a different range of
the spectrum, at least one of these ranges being limited.
The three ranges may overlap.
[0037] One of the three photosensors 18-20 is tuned
to a peak in the absorption spectrum of water. In one
example, another of the three photosensors 18-20 is
tuned to a range of wavelengths within the range from
500 nm to 600 nm, corresponding to green light. This
sensor is thus sensitive to variations in the amount of
oxyhemoglobin in the skin. The third of the three sensors
18-20 can be tuned to a range of wavelengths that is not
especially sensitive to variations in the reflectance of the
skin. Indeed, the third of the photosensors 18-20 can
simply detect changes in light intensity across the entire
spectrum.
[0038] The signals from the photosensors 18-20 are
provided to a data processing device 21 that processes
them to provide a signal that can be analyzed to deter-
mine a characteristic of a component corresponding to
a periodic biological phenomenon, e.g. a heart rate value.
To this end, correlations between the signal from the sen-
sor tuned to green light and the signal from the sensor
tuned to a peak in the absorption spectrum of water can
be determined, whereas the signals can be decorrelated
from the signal from the third sensor. This yields a single
signal that has a relatively clean and strong component
due to skin reflectance changes. Analysis of the signal
is carried out by the data processing device 21 in order
to determine a characteristic of the signal, e.g. the fre-
quency (step 47). Information representative of the char-
acteristic is provided on an output device 22.
[0039] For further improvement of the signal-to-noise
ratio, the illustrated embodiment makes use of tuned light
sources 11-13 arranged to emit light within ranges of the
electromagnetic radiation spectrum corresponding to
those to which the photosensors 18-20 are tuned. A driver
23 and controller 24 are provided to power the light sourc-
es 11-13. The controller 24 is connected to the data
processing device 21.
[0040] As in the embodiment of Fig. 2, heterodyne de-
tection can be used to improve the signal-to-noise ratio
still further.
[0041] Turning to Fig. 3, a system for remote photop-
lethysmography using imaging comprises a data
processing system 25 and a video camera 26. The video
camera 26 is arranged to provide a sequence of images
to an interface 27 of the data processing system 25. The
data processing system 25 includes a data processing
device 28 and main memory 29 for executing instructions
included in software stored on a mass-storage device
30. The data processing system 25 further comprises an
interface to an output device 32 such as a display.
[0042] A first embodiment of a photoplethysmographic
method carried out by the data processing system 25 is
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illustrated in Fig. 4.
[0043] In this embodiment, an initialization step 33 is
completed first, in order to determine appropriate settings
for the video camera 26. To this end, the data processing
system 25 causes at least one of the frame rate, exposure
time, pixel clock (the setting determining the rate at which
pixel values are acquired) and gain of the camera channel
of the video camera 26 to be varied whilst a sequence
of digital images is captured. The (spatial) average bright-
ness of at least part of each image of the sequence is
determined, and the magnitude of periodic fluctuations
in the average brightness is determined for each new
value of the settings. Those settings for which the mag-
nitude within at least a range of the spectrum, in particular
a range up to 100 Hz, is smallest are selected for sub-
sequent use in the method. Instead of determining the
spatial average brightness of at least a part of the image,
an individual pixel’s brightness fluctuations can be deter-
mined. The effect of choosing the settings of the video
camera 26 is that periodic background lighting fluctua-
tions are absent to the largest extent possible from se-
quences of images to which the remainder of the method
is applied.
[0044] In a next step 34, a sequence 35 of images is
obtained from the video camera 26.
[0045] In one embodiment, the video camera 26 is pro-
vided with a single filter tuned to a wavelength corre-
sponding to a peak in the absorption spectrum of water.
In particular, as in the embodiments discussed above,
this can be a wavelength corresponding to a frequency
in the visible part of the spectrum, e.g. 514, 606, 660 or
739 nm. In another embodiment, the frequency can be
just outside the visible range of the spectrum, e.g. 836
nm or 970 nm, which again allows for the use of common
silicon-based photosensor arrays that are sensitive in
that part of the spectrum.
[0046] In an alternative embodiments, the video cam-
era 26 is provided with a plurality of filters, so that each
image in the sequence 35 corresponds to a plurality of
image frames, each comprising an array of pixel values
representative of light intensity in a different range of the
spectrum of electromagnetic radiation. At least one se-
quence of image frames corresponds to a limited range
centered on a frequency corresponding to a peak in the
absorption spectrum of water.
[0047] Subsequently, the images 35 are processed
(step 36) to remove non-periodic background signals. To
this end, a correction signal corresponding to a time-var-
ying average brightness of part or all of the images 35 is
formed. In the illustrated embodiment, the pixel data of
the images 35 are then decorrelated from the correction
signal. Algorithms for cancelling non-linear cross-corre-
lations are known per se. Further image processing may
take place at this stage 36, e.g. to compensate for camera
motion.
[0048] In two next steps 37,38, an image segmentation
method is performed on at least one of the sequence 35
of images. In particular, an algorithm for detecting a body

part, generally the face of a human being, is carried out
in these steps 37,38. A suitable algorithm is described in
Viola, P. and Jones, M.J., "Robust real-time object de-
tection", Proc. Of IEEE Workshop on statistical and com-
putational theories of vision, 13 July 2001. Other suitable
algorithms based on recognizing segments with certain
shapes and/or colors (skin colors, for example) are
known and can be used instead of or in addition to this
algorithm described in the literature.
[0049] At least one distinct segment 39 determined to
correspond to a body part of the desired type is tracked
(step 40) through the sequence 35 of images. That is to
say that the segment 39 is placed, i.e. its location deter-
mined, by comparing the images in the sequence 35 to
quantify movement of the body part within the images
35. A suitable tracking algorithm is known, for example,
from De Haan et al., "True-motion estimation with 3-D
recursive search block matching", IEEE Transactions on
circuits and systems for video technology, 3 (5), October
1993, pp. 368-379.
[0050] Subsequently, for each selected and tracked
segment 39, a measurement zone 41 within the image
segment 39 is selected (step 42). This step 42 involves
a spatial analysis of the pixel data of a plurality of image
parts - each part being one or more image points in size
- to determine a set of contiguous parts having similar
characteristics. These parts are selected to form the
measurement zone 41. The position of the measurement
zone 41 is determined relative to the tracked segment
39 in which it is comprised, so that it is likewise tracked.
[0051] A next step 43 involves the generation of a
brightness signal 44 of which each value is a combination
of pixel values from the measurement zone 41 in a par-
ticular one of the sequence 35 of images.
[0052] Where the images comprise image frames cor-
responding to different ranges in the electromagnetic ra-
diation spectrum, this step 43 can include a plurality of
steps (not shown in detail), in which a separate signal is
formed for each sequence of image frames. These sep-
arate signals are then processed to provide a single sig-
nal 44. In particular, where one sequence of image
frames corresponds to a frequency range corresponding
to a peak in the absorption spectrum of water and another
sequence corresponds to green light, only the common
signal components can be kept. A sequence correspond-
ing to a general intensity level or a sub-range not sensitive
to variations due to pulsating blood flow can be used to
remove noise.
[0053] Then (step 45), the brightness signal 44 is cen-
tered on its mean value, yielding a final signal 46 repre-
sentative of at least variations in a value based on a plu-
rality of pixel values from each of the sequence 35 of
images. In alternative embodiments, a different tech-
nique for extracting variations of the order of 1 % of the
dynamic range of the brightness signal 44 is used, e.g.
a filtering operation involving a differentiation step.
[0054] Finally (step 47) a characteristic of the periodic
biological phenomenon being monitored is extracted.
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This can be the heart rate of an individual being moni-
tored, for instance. Using, for example, a Fast Fourier
Transform, a local maximum in the spectrum of the signal
46 can be determined.
[0055] An alternative method to that of Fig. 4 is illus-
trated in Fig. 5. This embodiment also allows one to gen-
erate phase maps, for example.
[0056] The method of Fig. 5 also commences with an
initialization step 48 for determining appropriate settings
for the video camera 26. The data processing system 25
causes at least one of the frame rate, exposure time,
pixel clock (the setting determining the rate at which pixel
values are acquired) and gain of the camera channel of
the video camera 26 to be varied whilst a sequence of
digital images is captured. The (spatial) average bright-
ness of at least part of each image of the sequence is
determined, and the magnitude of periodic fluctuations
in the average brightness is determined for each new
value of the settings. Those settings for which the mag-
nitude within at least a range of the spectrum, in particular
a range up to 100 Hz, is smallest are selected for sub-
sequent use in the method. Instead of determining the
spatial average brightness of at least a part of the image,
an individual pixel’s brightness fluctuations can be deter-
mined.
[0057] Then (step 49), an image sequence 50 is ob-
tained. As in the embodiment of Fig. 4, this sequence 50
can be comprised of a plurality of sequences of image
frames, each corresponding to a different part of the
spectrum of electromagnetic radiation (i.e. a different
color channel if only the visible spectrum is used).
[0058] The images 50 are processed to remove non-
periodic background signals using a correction signal
corresponding to a time-varying average brightness of
part or all of the images 50 (step 51). This step is similar
to the corresponding step 36 in the method of Fig. 4.
[0059] Then (step 52), a grid is laid over the images
50, which grid partitions each image into a plurality of
measurement zones, or at least potential measurement
zones. Each measurement zone includes a plurality of
pixel values.
[0060] Signals 53a-n are extracted (step 54) for at least
one, but more generally a plurality of measurement zones
as defined by the grid. This step 54 involves combining
pixel values from a measurement zone into a single val-
ue, such that each value of the signal 53 is based on
pixel values from only one of the images 50. The result
is thus a set of time-varying signals 53a-n representative
of the brightness of an associated measurement zone.
In one embodiment, pixel values are combined by aver-
aging. In another embodiment, pixel values are combined
by taking the mean value. The combination removes ran-
dom noise, leading to a signal with a stronger component
corresponding to a periodic biological phenomenon.
[0061] Where the sequence 50 of images is comprised
of a plurality of sequences of image frames, each asso-
ciated with a different range of the spectrum of electro-
magnetic radiation, pixel values from corresponding

measurement zones in each of the image frames making
up an image are combined. The combination is such as
to remove background signals or enhance components
corresponding to biological signals. Thus, where the im-
age frames comprise pixel values corresponding to in-
tensity values in a range of the spectrum centered on a
peak in the absorption spectrum of water and pixel values
corresponding to intensity values in a range of the spec-
trum within the range between 500 nm and 600 nm, the
combination step 54 can include a cross-correlation step.
[0062] Next (step 55), the signals 53a-n are centered
on their means, yielding a further set of signals 56a-n
representative of at least variations in a value based on
pixel values of associated respective measurement
zones. Instead of centering the signals 53a-n on their
mean, another operation suitable for extracting variations
of the order of 1 % of the dynamic range of the signals
53a-n can be applied, e.g. differentiation or a similar fil-
tering operation.
[0063] Finally (step 57), a characteristic of at least a
component of at least one of the final signals 56a-n is
determined. For example, the frequency of a local max-
imum in the spectrum of the signals 56a-n can be deter-
mined, in order to establish a value of the heart rate of a
person represented in the sequence 50 of images. In
another embodiment, in which all the measurement
zones are used, a phase map is created. In another em-
bodiment, clustering of signals 56a-n or values obtained
from the final signals 56a-n is used to establish a con-
sensus value characterizing a biological phenomenon.
[0064] A quite different embodiment of a system for
photoplethysmography is illustrated in Fig. 6. This system
obtains two signals, one of which is used to remove mo-
tion and illumination artefacts from the other.
[0065] In the illustrated embodiment, the system in-
cludes a light source 58. The light source 58 can emit a
spectrum with two peaks, it can emit a continuum spec-
trum or it can emit light with both characteristics. In an
alternative embodiment, the light source 58 is not used.
Ambient (white) light is used instead.
[0066] The system of Fig. 6 also includes an optical
system comprising a first beam splitter 59, a first lens 60
for focusing light from the light source 58 onto exposed
skin of a living being and collecting light reflected back
from the skin, and a second lens 61.
[0067] Light collected by the second lens 61 is passed
on to a second beam splitter 62. The second beam splitter
62 can be a polarization-dependent or wavelength-de-
pendent beam splitter. It splits light comprising at least
two wavelengths into separate beams.
[0068] A first beam is directed onto a first sensor 63
via a first filter 64. The first filter 64 is tuned to a peak in
the absorption spectrum of water. In an embodiment, the
peak is in a range corresponding to a range of wave-
lengths above 750 nm. In addition, the range may end
below 1100 nm.
[0069] A second beam is directed via a mirror 65 and
a second filter 66 onto a second sensor 67. The second
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filter 66 is arranged to pass light in a different wavelength
range than the first filter 64, so that the second sensor
67 is arranged to capture light from the living subject in
a different wavelength range than the first sensor 63.
[0070] It is observed that the different wavelength
range can overlap the wavelength to which the first filter
64 is tuned. In particular, the second filter 66 can be omit-
ted altogether, so that the second sensor 67 provides a
signal representative of ambient light levels.
[0071] In general, however, the different wavelength
range will be disjoint from the pass-band of the first filter
64.
[0072] The signals from the sensors 63,67 are provid-
ed to a signal subtraction device 68 (e.g. an operational
amplifier), so that the signal from the second sensor 67
is subtracted from that from the first sensor 63.
[0073] The result is provided to a data processing de-
vice 71 that processes, e.g. analyses, the difference sig-
nal to provide an output characteristic of a component
corresponding to a periodic biological phenomenon, e.g.
a heart rate value. Analysis of the signal by the data
processing device 21 can include the determination of a
characteristic of the signal, e.g. the frequency. Informa-
tion representative of the characteristic is provided on an
output device 72.
[0074] For further improvement of the signal-to-noise
ratio, heterodyne detection can be used, to which end a
driver 69 and controller 70 are provided to power the light
source 58.
[0075] In order to ensure that the signal subtracted
from the signal from the first sensor 63 indeed removes
components due to motion of the living subject and/or
illumination changes in the environment of the living sub-
ject, a calibration step is carried out prior to use of the
system of Fig. 6 on a living subject.
[0076] In the calibration step, a calibration surface is
provided, onto which light from the light source 58 is fo-
cused. This calibration surface is, in one embodiment, a
white diffuser with known scattering properties (such as
wavelength, angle to an optical axis of the first lens 60
and polarization). Then, the sensitivity and gain of the
two sensors 63,67 are adjusted in such a way that the
signals provided to the signal subtraction device 68 are
identical in phase and amplitude. In one embodiment,
this calibration phase is carried out for different combi-
nations of angles, wavelengths and polarizations. The
calibration need not be carried out in the field, but can
be carried out when the system of Fig. 6 is manufactured.
In an embodiment, the data processing device 71 is used
to recall the correct settings.
[0077] It should be noted that the above-mentioned
embodiments illustrate, rather than limit, the invention,
and that those skilled in the art will be able to design
many alternative embodiments without departing from
the scope of the appended claims. In the claims, any
reference signs placed between parentheses shall not
be construed as limiting the claim. The word "comprising"
does not exclude the presence of elements or steps other

than those listed in a claim. The word "a" or "an" preced-
ing an element does not exclude the presence of a plu-
rality of such elements. The mere fact that certain meas-
ures are recited in mutually different dependent claims
does not indicate that a combination of these measures
cannot be used to advantage.
[0078] In a variant of the embodiments of Figs. 1-3, the
data processing device 7,21 or data processing system
25 provides an output signal having a frequency corre-
sponding to that of the periodic biological phenomenon
of interest, which can be used to gate a further device
(not shown), such as an imaging device.
[0079] In a variant of the embodiment of Fig. 3, the
data processing system 25 includes an interface to one
or more light sources. One of the light sources can be
tuned to a peak in the absorption spectrum of water, in
particular one of the wavelength values in the near-infra-
red part of the electromagnetic spectrum given above.

Claims

1. Method of photoplethysmography, including:

using a signal processing system for processing
a signal (46;56) based on at least one signal
(35;50) from at least one sensor (5;18-20;26;63)
arranged to capture light from a living subject to
extract information on a characteristic of a peri-
odic biological phenomenon,
wherein at least one of the signals (35;50) from
at least one sensor (5;18-20;26;63) is obtained
by using at least one of a light source (1;11-13)
and a filter (6;17;64) placed before the at least
one sensor (5;18,19,20;26;63) characterised
in that said filter is tuned to a wavelength cor-
responding to a peak of an absorption spectrum
of water.

2. Method according to claim 1, wherein the peak is in
a range corresponding to a range of wavelengths of
electromagnetic radiation in air of above 750 nm.

3. Method according to claim 1, wherein the peak is in
a range corresponding to a range of wavelengths
smaller than 1100 nm.

4. Method according to claim 1, including directing po-
larized light onto the living subject and capturing light
from the living subject through a polarization depend-
ent filter (6; 17).

5. Method according to claim 1, wherein the signal ob-
tained by using at least one of a light source and a
filter placed before the at least one sensor tuned to
a peak in the absorption spectrum of water is ob-
tained from a first sensor (63) and a second signal
is obtained from a second sensor (67), arranged to
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capture light from the living subject in a different
wavelength range than the first sensor (63).

6. Method according to claim 5 wherein the second
sensor is arranged to capture green light.

7. Method according to claim 5, including using a beam
splitting arrangement (62) to split light from the living
subject into a beam directed onto the first sensor
(63) and a beam directed onto the second sensor
(67).

8. Method according to claim 5, including subtracting
a signal at least based on only the second of the first
and second signals from a signal at least based on
only the first of the first and second signals.

9. Method according to claim 5, including, prior to using
the sensors (63,67) to capture light from the living
subject, using the sensors (63,67) to capture light
from a calibration surface and adjusting parameters
affecting at least one of the capture of light and a
provision of signals at least based on the signals
from the sensors (63,67), so as to adjust at least one
of amplitude and phase of the respective signals at
least based on the signals from the first and second
sensors (63,67) to each other.

10. System for carrying out photoplethysmography, in-
cluding:

at least one sensor (5;18-20;26;63) for capturing
light from a living subject;
a signal processing system (7;21;25;67) ar-
ranged to process a signal (46;56) based on at
least one signal (35;50) from the at least one
sensor (5;18-20;26;63) to extract information on
a characteristic of a periodic biological phenom-
enon; and
at least one of a light source (1;11-13) and a
filter (6;17;64) placed before at least one of the
sensors (5;18-20;26;63) characterised in that
said filter is tuned to a wavelength correspond-
ing to a peak of an absorption spectrum of water.

11. System according to claim 10, arranged to carry out
a method according to any one of claims 1-8.

Patentansprüche

1. Photoplethysmographie-Verfahren, welches ein-
schließt:

Verwenden eines Signalverarbeitungssystems
zum Verarbeiten eines Signals (46;56), das auf
mindestens einem Signal (35;50) von mindes-
tens einem Sensor (5;18-20;26;63) basiert, der

dazu eingerichtet ist, Licht von einem lebenden
Subjekt zu erfassen, um Informationen über ei-
ne Charakteristik eines periodischen biologi-
schen Phänomens zu extrahieren,
wobei mindestens eines der Signale (35;50) von
mindestens einem Sensor (5;18-20;26;63) un-
ter Verwendung von mindestens einem aus ei-
ner Lichtquelle (1;11-13) und einem vor dem
mindestens einen Sensor (5;18,19,20;26;63)
platzierten Filter (6;17;64) erhalten wird, da-
durch gekennzeichnet, dass der Filter auf eine
Wellenlänge eingestellt ist, die einer Spitze ei-
nes Absorptionsspektrums von Wasser ent-
spricht.

2. Verfahren nach Anspruch 1, wobei die Spitze in ei-
nem Bereich liegt, der einem Wellenlängenbereich
von elektromagnetischer Strahlung in Luft über 750
nm entspricht.

3. Verfahren nach Anspruch 1, wobei die Spitze in ei-
nem Bereich liegt, der einem Wellenlängenbereich
von kleiner als 1100 nm entspricht.

4. Verfahren nach Anspruch 1, welches das Richten
von polarisiertem Licht auf das lebende Subjekt, und
Erfassen von Licht von dem lebenden Subjekt durch
einen polarisationsabhängigen Filter (6; 17) ein-
schließt.

5. Verfahren nach Anspruch 1, wobei das Signal, das
unter Verwendung von mindestens einem aus einer
Lichtquelle und einem vor dem mindestens einen
Sensor platzierten Filter erhalten wird, der auf eine
Spitze im Absorptionsspektrum von Wasser einge-
stellt ist, von einem ersten Sensor (63) erhalten wird,
und ein zweites Signal von einem zweiten Sensor
(67) erhalten wird, der dazu eingerichtet ist, Licht
von dem lebenden Subjekt in einem anderen Wel-
lenlängenbereich als der erste Sensor (63) zu erfas-
sen.

6. Verfahren nach Anspruch 5, wobei der zweite Sen-
sor dazu eingerichtet ist, grünes Licht zu erfassen.

7. Verfahren nach Anspruch 5, welches das Verwen-
den einer Strahlteileranordnung (62) einschließt, um
Licht von dem lebenden Subjekt in einen Strahl, der
auf den ersten Sensor (63) gerichtet ist, und einen
Strahl, der auf den zweiten Sensor (67) gerichtet ist,
zu teilen.

8. Verfahren nach Anspruch 5, welches das Subtrahie-
ren eines Signals, das mindestens auf nur dem zwei-
ten aus dem ersten und zweiten Signal basiert, von
einem Signal einschließt, das mindestens auf nur
dem ersten aus dem ersten und zweiten Signal ba-
siert.
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9. Verfahren nach Anspruch 5, das vor dem Verwen-
den der Sensoren (63,67), um Licht von dem leben-
den Subjekt zu erfassen, das Verwenden der Sen-
soren (63,67) einschließt, um Licht von einer Kalib-
rierungsfläche zu erfassen und Parameter anzupas-
sen, die sich auf mindestens eines aus der Erfas-
sung von Licht und einer Bereitstellung von Signa-
len, die mindestens auf den Signalen von den Sen-
soren (63,67) basieren, auswirken, um mindestens
eines aus Amplitude und Phase der jeweiligen Sig-
nale, die mindestens auf den Signalen vom ersten
und zweiten Sensor (63,67) basieren, zueinander
anzupassen.

10. System zum Durchführen einer Photoplethysmogra-
phie, welches einschließt:

mindestens einen Sensor (5;18-20;26;63) zum
Erfassen von Licht von einem lebenden Subjekt;
ein Signalverarbeitungssystem (7;21;25;67),
das dazu eingerichtet ist, ein Signal (46;56) zu
verarbeiten, das auf mindestens einem Signal
(35;50) von dem mindestens einen Sensor
(5;18-20;26;63) basiert, um Informationen über
eine Charakteristik eines periodischen biologi-
schen Phänomens zu extrahieren; und
mindestens eines aus einer Lichtquelle
(1;11-13) und einem vor mindestens einem der
Sensoren (5;18-20;26;63) platzierten Filter
(6;17;64), dadurch gekennzeichnet, dass der
Filter auf eine Wellenlänge eingestellt ist, die ei-
ner Spitze eines Absorptionsspektrums von
Wasser entspricht.

11. System nach Anspruch 10, das dazu eingerichtet ist,
ein Verfahren nach einem der Ansprüche 1-8 durch-
zuführen.

Revendications

1. Procédé de photopléthysmographie incluant :

l’utilisation d’un système de traitement de signal
pour traiter un signal (46 ; 56) sur la base d’au
moins un signal (35 ; 50) venant d’au moins un
capteur (5 ; 18-20 ; 26 ; 63) agencé pour captu-
rer de la lumière venant d’un sujet visant pour
extraire des informations sur une caractéristique
d’un phénomène biologique périodique,
dans lequel au moins l’un des signaux (35 ; 50)
venant d’au moins un capteur (5 ; 18-20 ; 26 ;
63) est obtenu en utilisant au moins l’un(e) d’une
source de lumière (1 ; 11-13) et d’un filtre (6 ;
17 ; 64) placé devant le au moins un capteur (5 ;
18, 19, 20 ; 26 ; 63), caractérisé en ce que ledit
filtre est accordé sur une longueur d’onde cor-
respondant à un pic d’un spectre d’absorption

de l’eau.

2. Procédé selon la revendication 1, dans lequel le pic
se situe dans une plage correspondant à une plage
de longueurs d’onde de rayonnement électromagné-
tique dans l’air supérieures à 750 nm.

3. Procédé selon la revendication 1, dans lequel le pic
se situe dans une plage correspondant à une plage
de longueurs d’onde inférieures à 1100 nm.

4. Procédé selon la revendication 1, incluant l’achemi-
nement de lumière polarisée sur le sujet vivant et la
capture de lumière venant du sujet vivant à travers
un filtre (6 ; 17) qui est dépendant de la polarisation.

5. Procédé selon la revendication 1, dans lequel le si-
gnal obtenu en utilisant au moins l’un(e) d’une sour-
ce de lumière et d’un filtre placé devant ledit au moins
un capteur accordé sur un pic du spectre d’absorp-
tion de l’eau est obtenu d’un premier capteur (63) et
un second signal est obtenu d’un second capteur
(67), agencé pour capturer de la lumière venant du
sujet vivant dans une plage de longueurs d’onde dif-
férente de celle du premier capteur (63).

6. Procédé selon la revendication 5, dans lequel le se-
cond capteur est agencé pour capturer de la lumière
verte.

7. Procédé selon la revendication 5, incluant l’utilisa-
tion d’un agencement de scission de faisceau (62)
pour scinder la lumière venant du sujet vivant en un
faisceau dirigé sur le premier capteur (63) et un fais-
ceau dirigé sur le second capteur (67).

8. Procédé selon la revendication 5, incluant la sous-
traction d’un signal sur la base au moins uniquement
sur le second des premier et second signaux d’un
signal basé au moins uniquement sur le premier des
premier et second signaux.

9. Procédé selon la revendication 5, incluant, avant
d’utiliser les capteurs (63, 67) pour capturer de la
lumière venant du sujet vivant, l’utilisation des cap-
teurs (63, 67) pour capturer de la lumière venant
d’une surface d’étalonnage et ajuster des paramè-
tres affectant au moins l’une de la capture de lumière
et d’une fourniture de signaux basée au moins sur
les signaux venant des capteurs (63, 67) de manière
à ajuster au moins l’une de l’amplitude et de la phase
des signaux respectifs sur la base au moins des si-
gnaux venant du premier et du second capteur (63,
67) l’une vis-à-vis de l’autre.

10. Système de réalisation d’une photopléthysmogra-
phie incluant :
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au moins un capteur (5 ; 18-20 ; 26 ; 63) pour
capturer de la lumière venant d’un sujet vivant ;
un système de traitement de signal (7 ; 21 ; 25 ;
67) agencé pour traiter un signal (45 ; 56) sur la
base d’au moins un signal (35 ; 50) venant du
au moins un capteur (5 ; 18-20 ; 26 ; 63) pour
extraire des informations sur une caractéristique
d’un phénomène biologique périodique ; et
au moins l’un(e) d’une source de lumière (1 ;
11-13) et d’un filtre (6 ; 17 ; 64) placé devant au
moins l’un des capteurs (5 ; 18-20 ; 26 ; 63), ca-
ractérisé en ce que ledit filtre est accordé sur
une longueur d’onde correspondant à un pic
d’un spectre d’absorption de l’eau.

11. Système selon la revendication 10, agencé pour ef-
fectuer un procédé selon l’une quelconque des re-
vendications 1 à 8.
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