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(57) ABSTRACT

The present invention relates to a device, system and method
for image segmentation of an image of a scene including a
subject. To improve the segmentation, the device comprises
areceiver (210) configured to receive electromagnetic radia-
tion reflected from a scene including a subject, a polarization
unit (220) configured to apply a first polarization on the
received electromagnetic radiation to generate first polarized
radiation and to apply a second polarization, which is
different from the first polarization, on the received electro-
magnetic radiation to generate second polarized radiation, a
sensor unit (230) configured to generate a first image from
the first polarized radiation and a second image from the
second polarized radiation, and a segmentation unit (250)
configured to identify areas of different materials in the
scene from a combination of the first and second images.
Further, a vital sign determination unit (240) is provided that
is configured to select an area representing skin of the
subject, to generate a first detection signal having a first
polarization direction from the first polarized radiation in the
selected area and a second detection signal having a second
polarization direction, which is different from the first polar-
ization direction, from the second polarized radiation in the
selected area, and to determine a vital sign from the two
detection signals by combining the two detection signals.
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DEVICE, SYSTEM AND METHOD FOR
IMAGE SEGMENTATION OF AN IMAGE OF
A SCENE INCLUDING A SUBJECT

FIELD OF THE INVENTION

[0001] The present invention relates to a device, system
and method for image segmentation of an image of a scene
including a subject. The present invention may particularly
be used as a preliminary step of a method for determining at
least one vital sign of a subject.

BACKGROUND OF THE INVENTION

[0002] Vital signs of a person, for example the heart rate
(HR), the respiration rate (RR) or the (peripheral or pulsa-
tile) blood oxygen saturation (SpO2; it provides an estimate
of the arterial blood oxygen saturation SaQ2), serve as
indicators of the current state of a person and as powerful
predictors of serious medical events. For this reason, vital
signs are extensively monitored in inpatient and outpatient
care settings, at home or in further health, leisure and fitness
settings.

[0003] One way of measuring vital signs is plethysmog-
raphy. Plethysmography generally refers to the measurement
of volume changes of an organ or a body part and in
particular to the detection of volume changes due to a
cardio-vascular (or cardio-pulmonary) pulse wave traveling
through the body of a subject with every heartbeat.

[0004] Photoplethysmography (PPG) is an optical mea-
surement technique that evaluates a time-variant change of
light reflectance or transmission of an area or volume of
interest. PPG is based on the principle that the blood absorbs
light more than the surrounding tissue, so variations in blood
volume with every heartbeat affect the transmission or
reflectance correspondingly. Besides information about the
pulse rate (heart rate), a PPG waveform (also called PPG
signal) can comprise information attributable to further
physiological phenomena such as the respiration. By evalu-
ating the transmittance and/or reflectance at different wave-
lengths (typically red and infrared), the blood oxygen satu-
ration can be determined.

[0005] Conventional pulse oximeters (also called contact
PPG device herein) for measuring the pulse rate and the
(arterial) blood oxygen saturation of a subject are attached to
the skin of the subject, for instance to a fingertip, earlobe or
forehead. Therefore, they are referred to as ‘contact’ PPG
devices. Although contact PPG is basically regarded as a
non-invasive technique, contact PPG measurement is often
experienced as being unpleasant and obtrusive, since the
pulse oximeter is directly attached to the subject and the
cables limit the freedom to move and might hinder a
workflow.

[0006] Non-contact, remote PPG (rPPG) devices (also
called camera-based devices or video health monitoring
devices) for unobtrusive measurements have been proposed
in the last decade. Remote PPG utilizes light sources or, in
general, radiation sources, disposed at a distance from the
subject of interest. Similarly, a detector, e.g. a camera or a
photodetector, can be disposed at a distance from the subject
of interest. Therefore, remote photoplethysmographic sys-
tems and devices are considered unobtrusive and well suited
for medical as well as non-medical everyday applications.
[0007] Using the PPG technology, vital signs can be
measured. Vital signs are revealed by minute light absorp-
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tion changes in the skin caused by the pulsating blood
volume, i.e. by periodic color changes of the human skin
induced by the blood volume pulse. As this signal is very
small and hidden in much larger variations due to illumi-
nation changes and motion, there is a general interest in
improving the fundamentally low signal-to-noise ratio
(SNR). There still are demanding situations, with severe
motion, challenging environmental illumination conditions,
or strict accuracy requirements, where an improved robust-
ness and accuracy of the vital sign measurement devices and
methods is required, particularly for the more critical health-
care applications.

[0008] Video health monitoring (to monitor or detect e.g.
heart rate, respiration rate, SpO2, actigraphy, delirium, etc.)
is a promising emerging field. Its inherent unobtrusiveness
has distinct advantages for patients with fragile skin, or in
need of long-term vital signs monitoring, such as NICU
patients, patients with extensive burns, mentally-ill patients
that remove contact-sensors, or COPD patients who have to
be monitored at home during sleep. In other settings such as
in a general ward or emergency room, the comfort of
contactless monitoring is still an attractive feature.

[0009] Skin detection has a range of applications and often
involves a form of color segmentation, or uses characteristic
color variations of living skin over the cardiac cycle. There
is a particular interest in automatic region of interest (ROI)
detection for rPPG measurements for use in patient moni-
toring. Another potential application is in surveillance to
reliably distinguish real and fake skin (e.g. masks). This
topic is particularly relevant given the security risks
involved when someone can successfully hide his/her iden-
tity or pretend to be someone else.

[0010] The problem with color-based segmentation meth-
ods is that they fail whenever the background contains
skin-colored surfaces. This is even more common in the near
infrared part of the spectrum, where skin reflection is very
similar to that of bedding. Since patient monitoring prefer-
ably works in full darkness, no use can be made of reflection
differences in the visible spectrum. Cardiac-induced color
variations, on the other hand, may disappear if a patient
suffers a heart attack. Hence, the color variation based
feature loses the skin during the most critical event of the
monitoring process.

[0011] In conclusion, there is a need for an improved
device, system and method for image segmentation of an
image of a scene including a subject leading to a more
reliable segmentation even in case the background contains
skin-colored surfaces. Further, there is a need to improve the
determining of at least one vital sign of a subject to obtain
results with higher reliability.

[0012] U.S. Pat. No. 5,836,872 discloses a method for
monitoring a region of a body surface including recording at
a first time a first multispectral digital image of the surface
including the region, recording at a subsequent time a
subsequent multispectral digital image of the surface includ-
ing the region, and comparing the first and the subsequent
images. Also, such a method in which the first and subse-
quent images are high magnification images, and further
including recording low magnification images that include
the high magnification images. Also, a method for forming
a diagnostically useful classification of pigmented skin
lesions includes using such a method to construct a database
containing quantitatively extracted selected features from
images recorded from a plurality of skin lesions, and cor-
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relating the features from each such lesion in the database
with the medical history of the skin lesion from which the
image was recorded. Also, a method for diagnosis of a
premelanomatous or early melanomatous condition includes
using the method for characterizing a surface region includ-
ing the lesion and comparing the features of the lesion so
obtained with the features in a database obtained from a
number of skin lesions including lesions known to be
premelanomatous or early melanomatous, or classifying the
features of the lesion according to the diagnostically useful
classification of pigmented skin lesions.

SUMMARY OF THE INVENTION

[0013] Itis an object of the present invention to provide a
device, system and method image segmentation of an image
of a scene including a subject, by which desired image
regions, e.g. skin regions, can be segmented with higher
reliability.

[0014] In a first aspect of the present invention a device is
presented comprising

[0015] areceiver configured to receive electromagnetic
radiation reflected from a scene including a subject,

[0016] a polarization unit configured to apply a first
polarization on the received electromagnetic radiation
to generate first polarized radiation and to apply a
second polarization, which is different from the first
polarization, on the received electromagnetic radiation
to generate second polarized radiation,

[0017] asensor unit configured to generate a first image
from the first polarized radiation and a second image
from the second polarized radiation,

[0018] a segmentation unit configured to identify areas
of different materials in the scene from a combination
of the first and second images, and

[0019] a vital sign determination unit configured to
select an area representing skin of the subject, to
generate a first detection signal having a first polariza-
tion direction from the first polarized radiation in the
selected area and a second detection signal having a
second polarization direction, which is different from
the first polarization direction, from the second polar-
ized radiation in the selected area, and to determine a
vital sign from the two detection signals by combining
the two detection signals.

[0020] Ina further aspect of the present invention a system
is presented comprising

[0021] an illumination unit configured to illuminate a
scene including a subject with unpolarized electromag-
netic radiation or with polarized electromagnetic radia-
tion, and

[0022] a device as disclosed herein for image segmen-
tation of an image of the illuminated scene.

[0023] In yet a further aspect of the present invention,
there is provided a corresponding method.

[0024] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method and system have similar and/or identical
preferred embodiments as the claimed device, in particular
as defined in the dependent claims and as disclosed herein.
[0025] The present invention is based on the idea that
polarized light gets depolarized when reflected from a turbid
medium like skin. The degree of depolarization depends on
various parameters and provides another feature to distin-
guish between equally colored tissues. A segmentation using
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e.g. the local degree of depolarization in the image helps to
solve the problem of skin detection in various applications
in the health and patient monitoring domain.

[0026] Preferably, the scene including a subject is illumi-
nated with unpolarized electromagnetic radiation or with
polarized electromagnetic radiation (e.g. linearly, circular or
elliptically polarized) radiation. In this case, a cross-polar-
izer in front of a first image sensor can suppress the specular
reflection (DC and variations) significantly, leaving the PPG
signal and the intensity variations. The other sensor,
equipped with a parallel polarizer, is then modulated by the
PPG signal, the specular and the intensity variations. If the
specular reflection variations are not the strongest distortion,
the intensity variations artifact can be suppressed by mixing
both channels. If specular distortion is strongest, only the
cross-polarized channel may be used, while a small fraction
of the parallel channel may be subtracted to compensate for
imperfections of the polarizers. Further, methods that fully
automatically decide upon the optimal de-mixing ofthe PPG
signal may be used.

[0027] In an embodiment said segmentation unit is con-
figured to identify areas of different materials in the scene
from a ratio or difference of the first and second images. This
provide a good result for the segmentation.

[0028] In another embodiment said sensor unit is config-
ured to generate the first and second images in a single
wavelength channel or in two or more different wavelength
channels. For instance, a monochromatic sensor, or an RGB
sensor (like a conventional image sensor), or a sensor
equipped with a filter array, e.g. a Bayer-filter, may be
applied that provides three detection signal in three different
color channels.

[0029] Using more than one wavelength channel may
improve the segmentation. Accordingly, in a preferred
embodiment said sensor unit is configured to generate the
first and second images in two or more different wavelength
channels and said segmentation unit is configured to identify
areas of different materials in the scene from a combination
of the first and second images per wavelength channel. In an
alternative embodiment said sensor unit is configured to
generate the first and second images in two or more different
wavelength channels and said segmentation unit is config-
ured to convert pixels of the respective first and second
images into vectors with components of the two or more
different wavelength channels, to normalize the vectors to
unit length and to determine the cosine angle or inner
product between the vectors of the two or more different
wavelength channels in order to identify areas of different
materials in the scene.

[0030] According to an embodiment said polarization unit
is configured to apply the two different polarizations simul-
taneously and said sensor unit is configured to generate the
two detection signals simultaneously. This embodiment may
be implemented by use of a prism that splits the incoming
radiation into to output portions of radiation having different
polarization directions.

[0031] Alternatively, said polarization unit may be con-
figured to apply the two different polarizations time-sequen-
tially and said sensor unit may be configured to generate the
two detection signals time-sequentially. Hereby, said polat-
ization unit may be configured to alternate the polarization
direction in time. This embodiment may be implemented by
use of a polarizer that is able to change the polarization like
an electrically controllable polarization filter.
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[0032] Generally, as polarizer a polarization filter may be
used. However, for this purpose, not only transmission filters
can be employed, but reflectors and/or mirrors (e.g. polar-
ization mirrors) may be used to achieve the same effect.
[0033] Good results are achieved by use of a polarization
unit that is configured to apply a first polarization, which is
orthogonal to the second polarization.

[0034] In another embodiment polarized illumination is
used. Hereby, said polarization unit is configured to apply a
first polarization which is parallel to or equivalent to (i.e. the
same as; e.g. in case of circular polarization) the polarization
direction of polarized electromagnetic radiation used for
illuminating the skin region of the subject and a second
polarization which is orthogonal or opposite (e.g. in case of
circular polarization) to the polarization direction of the
polarized electromagnetic radiation used for illuminating the
skin region of the subject.

[0035] The vital sign determination unit may be config-
ured to determine a vital sign from the two detection signals
by linearly combining the two detection signals by a
weighted combination, wherein weights of said weighted
combination are determined by blind signal separation, in
particular by principal component analysis or independent
component analysis, and by selecting a component channel
of the combined detection signals according to a predeter-
mined criterion. Such a blind signal separation method is
e.g. described in WO 2017/121834 Al. The criterion may
e.g. be the signal with the highest peak in the normalized
corresponding spectrum, or the signal with the maximum
skewness of the corresponding spectrum, etc. Generally, the
detection signals may be from different wavelength chan-
nels, but preferably from the same polarization. It is also
possible to use multiple wavelengths and different polariza-
tion direction and combine all of them.

[0036] Still further, in another embodiment said vital sign
determination unit is configured to determine a vital sign
from the two detection signals by linearly combining the two
detection signals by a weighted combination using weights
resulting in a pulse signal for which the products with the
original detection signals equals the relative pulsatilities as
represented by the respective signature vector, a signature
vector providing an expected relative strength of the detec-
tion signal in the two original detection signals.

[0037] Generally, a PPG signal results from variations of
the blood volume in the skin. Hence, the variations give a
characteristic pulsatility “signature” when viewed in differ-
ent spectral components of the reflected/transmitted light.
This “signature” is basically resulting as the contrast (dif-
ference) of the absorption spectra of the blood and that of the
blood-less skin tissue. If the detector, e.g. a camera or sensor,
has a discrete number of color channels, each sensing a
particular part of the light spectrum (wherein the parts may
(partially) overlap and sensing a “part” does not necessarily
mean all wavelength in the part contribute equally to the
output), then the relative pulsatilities in these channels can
be arranged in a “signature vector”, also referred to as the
“normalized blood-volume vector”, PBV. It has been shown
in G. de Haan and A. van Leest, “Improved motion robust-
ness of remote-PPG by using the blood volume pulse
signature”, Physiol. Meas. 35 1913, 2014, which is herein
incorporated by reference, that, if this signature vector is
known, then a motion-robust pulse signal extraction on the
basis of the color channels (or signals derived from these
color channels) and the signature vector is possible. For the
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quality of the pulse signal, it is essential though that the
signature vector is accurate, as otherwise the known meth-
ods mixes noise into the output pulse signal in order to
achieve the prescribed correlation of the pulse vector with
the normalized color channels as indicated by the signature
vector.

[0038] Details of the PBV method and the use of the
normalized blood volume vector (called “predetermined
index element having a set orientation indicative of a
reference physiological information™) have also been
described in US 2013/271591 Al, whose details are also
herein incorporated by reference.

[0039] The characteristic wavelength-dependency of the
PPG signal varies when the composition of the blood
changes. Particularly, the oxygen saturation of the arterial
blood has a strong effect on the light absorption in the
wavelength range between 620 nm and 780 nm. This chang-
ing signature for different SpO2 values leads to relative PPG
pulsatility that depends on the arterial blood oxygen satu-
ration. This dependency can be used to realize a motion-
robust remote SpO2 monitoring system that has been named
adaptive PBV method (APBV) and is described in detail in
M. van Gastel, S. Stuijk and G. de Haan, “New principle for
measuring arterial blood oxygenation, enabling motion-
robust remote monitoring”, Nature Scientific Reports, Nov.
2016. The description of the details of the APBV method in
this document is also herein incorporated by reference.
[0040] The PBV method gives the cleanest pulse signal
when the PBV vector, reflecting the relative pulsatilities in
the different wavelength channels is accurate. Since this
vector depends on the actual SpO2 value, testing the PBV
method with different PBV vectors, corresponding to a range
of SpO2 values, the SpO2 value results as the one corre-
sponding to the PBV vector giving the pulse-signal with the
highest SNR.

[0041] The receiver of the proposed device may be con-
figured in different ways, in particular to receive detection
signals at different wavelengths, preferably depending on
the kind of application and the system configuration. In
general, the detection signals are selected from a wavelength
interval between 300 nm and 1000 nm, in particular repre-
sent the wavelength portions corresponding to red, green
and blue light. This is particularly used when the PPG
signals are obtained from image signals acquired by a (e.g.
conventional) video camera and when the above-mentioned
principles of remote PPG are used for deriving one or more
vital signs. In other embodiments infrared light may also be
used in addition or instead of another color channel. For
instance, for night-time applications one or more infrared
wavelengths may be used in addition or alternatively.
[0042] The receiver may be configured as optical element,
e.g. a lens, of an imaging unit, such as an optical sensor, a
camera, e.g. a video camera, an RGB camera or web-cam.
[0043] Preferably, the illumination unit is configured to
illuminate the skin region of the subject with unpolarized
electromagnetic radiation or with polarized electromagnetic
radiation within the wavelength range from 300 nm to 1000
nm.

[0044] According to an embodiment the illumination unit
is configured to illuminate the skin region of the subject with
linearly polarized electromagnetic radiation with a central
wavelength in a wavelength range from 300 nm to 1000 nm.
[0045] In an embodiment, the energy of the emitted elec-
tromagnetic radiation is spread in a wavelength interval
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around said central wavelength, wherein said sensor unit
comprises two sensor elements, a first sensor element being
configured to generate one or two first detection sub-signal
having a polarization direction, which is parallel to the
polarization direction of the polarized -electromagnetic
radiation, and a second sensor element being configured to
generate one or two second detection sub-signal having a
polarization direction, which is orthogonal to the polariza-
tion direction of the polarized electromagnetic radiation,
wherein a first detection sub-signal represents electromag-
netic radiation in a first wavelength sub-interval of said
wavelength interval at least partly below said central wave-
length and a second detection sub-signal represents electro-
magnetic radiation in a second wavelength sub-interval of
said wavelength interval at least partly above said central
wavelength, and wherein said vital sign determination unit
is configured to determine a vital sign from the detection
sub-signals by combining the detection sub-signals.

[0046] According to an alternative embodiment the illu-
mination unit is configured to illuminate the skin region of
the subject with linearly polarized electromagnetic radiation
with a central wavelength in a wavelength range from 300
nm to 1000 nm, wherein the energy of the emitted electro-
magnetic radiation is spread in a wavelength interval around
said central wavelength, wherein said sensor unit comprises
four sensor elements, wherein a first and second sensor
element are configured to generate one or two first detection
sub-signal having a polarization direction, which is parallel
to the polarization direction of the polarized electromagnetic
radiation, and a third and fourth sensor element are config-
ured to generate one or two second detection sub-signal
having a polarization direction, which is orthogonal to the
polarization direction of the polarized electromagnetic
radiation, wherein one of the first and second detection
sub-signals represents electromagnetic radiation in a first
wavelength sub-interval of said wavelength interval at least
partly below said central wavelength and the other of the
first and second detection sub-signal represents electromag-
netic radiation in a second wavelength sub-interval of said
wavelength interval at least partly above said central wave-
length, and wherein said vital sign determination unit is
configured to determine a vital sign from the detection
sub-signals by combining the detection sub-signals.

[0047] The first and second wavelength sub-intervals are
generally different. For instance, the first wavelength sub-
interval is below said central wavelength and the second
wavelength sub-interval of said wavelength interval is above
said central wavelength. Both wavelength sub-intervals
may, however, also overlap.

[0048] The proposed system may further comprise an
output unit configured to output the vital sign. The output
unit may e.g. be a user interface like a display, computer or
loudspeaker. Still further, the proposed system may com-
prise a control unit configured to generate, based on the vital
sign, an alarm control signal for controlling an alarm unit
configured to issue an alarm and to output the generated
alarm control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0050] FIG. 1 shows a schematic diagram of an embodi-
ment of a system according to the present invention;
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[0051] FIG. 2 shows a schematic diagram of a first
embodiment of a device according to the present invention;
[0052] FIG. 3 shows a schematic diagram of a second
embodiment of a device according to the present invention;
and

[0053] FIGS. 4A-4E show images of a scene illustrating
segmentation by use of the ratio of a parallel-polarization
image and a cross-polarization image.

DETAILED DESCRIPTION OF THE
INVENTION

[0054] FIG. 1 shows a schematic diagram of an embodi-
ment of a system 100 according to the present invention. The
system 100 comprises an imaging unit 110 for receiving
electromagnetic radiation reflected from a skin region of a
subject 120. The system 100 further comprises a device 130
for image segmentation of an image of a scene including a
subject and, optionally, for determining at least one vital sign
of a subject from the received electromagnetic radiation. The
subject 120, in this example a patient, lies in a bed 125, e.g.
in a hospital or other healthcare facility, but may also be a
neonate or premature infant, e.g. lying in an incubator, or
person at home or in a different environment.

[0055] The system 100 may further comprise a light
source 140 (also called illumination unit), such as a lamp, for
illuminating a scene with unpolarized electromagnetic radia-
tion or with polarized electromagnetic radiation (light). Said
scene includes a region of interest, such as the skin of the
patient’s face (e.g. part of the cheek or forehead), and other
non-skin areas, such as parts of the bed, clothing of the
patient, etc. The emitted radiation may be light in a prede-
termined wavelength range or ranges (e.g. in the red, green
and/or infrared wavelength range(s)). The radiation may be
polarized with a predetermined (e.g. linear, circular or
elliptical) polarization having a predetermined polarization
direction, but may alternatively be non-polarized.

[0056] The light reflected from said region of interest 142
in response to said illumination is received by areceiver, e.g.
the lens of the imaging unit 110 (e.g. a camera) or other
optics in front of a sensor. In another embodiment no
dedicated light source is provided, but ambient light is used
for illumination of the subject 120. From the reflected light,
only light in a number of desired wavelength ranges (e.g.
green and red or infrared light, or light in a sufficiently large
wavelength range covering at least two wavelength chan-
nels) may be detected and/or evaluated.

[0057] The device 130 may further be connected to an
interface 150 for displaying the determined information
and/or for providing medical personnel with an interface to
change settings of the device 130, the imaging unit 110, the
light source 140 and/or any other parameter of the system
100. Such an interface 150 may comprise different displays,
buttons, touchscreens, keyboards or other human machine
interface means.

[0058] A system 100 as illustrated in FIG. 1 may. e.g., be
located in a hospital, healthcare facility, elderly care facility
or the like. Apart from the monitoring of patients, the present
invention may also be applied in other fields such as neonate
monitoring, general surveillance applications, security
monitoring or so-called live style environments, such as
fitness equipment, a wearable, a handheld device like a
smartphone, or the like. The uni- or bidirectional commu-
nication between the device 130 and the interface 150 may
work via a wireless or wired communication channel. Other
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embodiments of the present invention may include an imag-
ing unit, which comprises part or all of the device 130,
which is not provided stand-alone, but integrated into the
imaging unit 110, such as a camera.

[0059] Typically, the electromagnetic radiation is in the
range 0f 400 nm to 1000 nm for pulse, respiration and blood
oxygen saturation measurement, particularly in the range of
620 nm to 920 nm. This particular range is most suitable for
SpO2 measurement and is attractive for unobtrusive moni-
toring during sleep (darkness), but if pulse or respiratory
signals are required, the visible part of the spectrum may
allow a higher quality (i.e. NIR is not necessarily the
preferred option in all cases). The detection signals may be
acquired by a photo-sensor (array) and/or using a video
camera remotely sensing the subject’s skin.

[0060] FIG. 2 shows a schematic diagram of a first
embodiment of a device 200 according to the present
invention for image segmentation of an image of a scene
including a subject and, in this embodiment, for determining
at least one vital sign of a subject. The device 200 may be
integrated into the imaging unit 110, e.g. a camera, or may
partly be integrated into or combined with the imaging unit
110 and partly be realized by the device 130, e.g. a processor
or computer. It shall be noted that the device 200 is prefer-
ably used in the context of determining vital signs from
electromagnetic radiation transmitted through or reflected
from a skin area of a subject (rPPG), but other applications
of the device 200 for image segmentation are in the field of
general image processing where an image shall be seg-
mented (e.g. in image processing of images from surveil-
lance cameras (e.g. to distinguish skin from non-skin or
skin-imitations)).

[0061] The device 200 comprises a receiver 210 config-
ured to receive electromagnetic radiation reflected from a
skin region of a subject. The receiver 210 may be an optical
element, such as a lens of a camera that receives the
radiation, in particular light in the desired wavelength range.
The light reflected from the region of interest 121 in
response to the illumination is received by the receiver 210.
[0062] In another embodiment no dedicated light source is
provided, but ambient light is used for illumination of the
subject 120. From the reflected light, only light in a number
of desired wavelength ranges (e.g. green and red or infrared
light, or light in a sufficiently large wavelength range cov-
ering at least two wavelength channels) may be detected
and/or evaluated.

[0063] The device 200 further comprises a polarization
unit 220 configured to apply a first polarization on the
received electromagnetic radiation to generate first polarized
radiation and to apply a second polarization, which is
different from the first polarization, on the received electro-
magnetic radiation to generate second polarized radiation.
The polarization unit 220 may e.g. comprise a prism or
polarization filter(s). The first polarization may be parallel
polarization and the second polarization may be cross polar-
ization, which is orthogonal to the parallel polarization.
However, other polarization directions and relationships of
the polarizations are generally possible.

[0064] The device 200 further comprises a sensor unit 230
configured to generate a first image from the first polarized
radiation and a second image from the second polarized
radiation. The sensor unit may comprise two separate sensor
elements, each generating one of the two images. The sensor
unit (or each sensor element) may comprise a filter unit
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configured to filter the differently polarized radiation to
obtain images in two or more wavelength channels.

[0065] The device 200 further comprises a segmentation
unit 250 configured to identify areas of different materials in
the scene from a combination of the first and second images.
[0066] The device 200 may hence be used for segmenta-
tion of images. The result of the segmentation may be used
in various applications or may be directly issued, e.g.
displayed on an (optional) screen 260. In one embodiment
the device 200 may be used for an application that is directed
to determining one or more vital signs. In such an applica-
tion the device 200 may further comprise an (optional) vital
sign determination unit 240 configured to determine a vital
sign, or another device is using the result of the segmenta-
tion. The segmentation and the vital sign determination will
be explained below in more detail.

[0067] The segmentation unit 250 may be comprised in a
digital or analog processor or computer and/or may com-
pletely or partly be implemented in software and carried out
on a computer. Some or all of the required functionality may
also be implemented in hardware, e.g. in an application
specific integrated circuit (ASIC) or in a field programmable
gate array (FPGA). In an embodiment, the segmentation unit
250 may be part of the device 130 of the system 100. In
another embodiment, the segmentation unit 250 is integrated
into the imaging unit 110. The same holds for the optional
vital sign determination unit 240.

[0068] To determine vital signs the present invention may
exploit the observation that the light reflected from the skin
has two components: the surface reflection component and
the component that originates from scattering processes
underneath the surface in the translucent skin tissue. The
surface reflection undergoes single scattering event, preserv-
ing the polarization of the incident light. The scattered light,
undergoes multiple reflections, causing the incident light to
de-polarize. The amount of depolarization can be expressed
as:

pe I, =1 o8]
I+ 1

where 1, and I, are the intensity of the reflected light parallel
(index p) and perpendicular (index ¢) to the incident light
polarization. It is reasonable to assume that the original
polarization of light is lost in biological perfused tissue,
although the present invention works as well if partial
polarization still exists.

[0069] Only the scattered component is actually modu-
lated by the blood-volume changes that occur inside the
tissue, while the surface (or specular) reflection component
remains unmodulated. Therefore, the pulsatility modulated
signal can be separated from the non-modulated signal by
using light of a determined polarization to illuminate the
subject. In other words, with polarized light, only the
scattered reflections become visible when using orthogonal
(cross) polarizer in front of the camera. With a parallel
oriented polarizer in front of the camera, the surface reflec-
tion dominates the image.

[0070] For the remote PPG, since the scattered component
contains the information about the variations of the blood
volume, only the scattered light may be considered to extract
the PPG signal. As the reflected photons that have penetrated
into the skin have been scattered multiple times inside the
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skin, they have lost their initial polarization direction. This
is in contrast with the specularly reflected light that keeps the
polarization of the incident light. By using polarized illu-
mination, a cross-polarizer in front of the imaging sensor
suppresses specularly reflected light. Since the specular
(surface) reflection is typically not desired, a sensor with a
parallel polarizer has therefore not been used so far.
[0071] Inanembodiment it is proposed to simultaneously,
or time-sequentially, image with different polarizers, e.g.
with both specular (parallel-polarized) and scattered
(crossed-polarized) light. The resulting channels (different
polarizations) lead to different mixtures of the wanted PPG
signal and motion artefacts, which can be combined to
extract a motion-robust PPG signal.

[0072] An embodiment of the system uses a time-sequen-
tial depolarization setup, in which the system comprises one
camera and one illumination unit and in which the polar-
ization direction is changed in time, i.e. at different times
different polarization directions are applied. In an alternative
embodiment a similar effect can be achieved by a dual-
camera setup simultaneously, in which one camera has a
parallel polarization direction with the illumination unit and
the other camera has cross-polarization direction.

[0073] FIG. 3 shows a schematic diagram of a second
embodiment of a device 300 according to the present
invention. Polarized illumination (polarized light) is emitted
(by the illumination unit 140; see FIG. 1) to a scene
including one or more skin areas of the subject as well as
non-skin areas, e.g. of the background, clothes, etc. Light
301 reflected from the skin is received by the receiving
element 310, e.g. an optical lens. The received light 302 is
guided to an optical element 320, e.g. a polarization unit,
that separates the cross and parallel polarized beams 303,
304 and projects them on separate sensors 330, 340 (together
e.g. forming a sensor unit), each optionally comprising
sensor elements with a different sensitivity to parts of the
radiation spectrum, to detect different wavelength channels.
Alternatively, the sensors 330, 340 may all have the same
sensitivity to the radiation spectrum. In an exemplary
embodiment the sensors 330, 340 are both equipped with a
pixelated (Bayer) filter to acquire the different wavelength
channel in parallel for each polarization direction. However,
various alternatives exist.

[0074] In this embodiment, the polarization unit 320 (e.g.
a prism or polarization filter) is generally configured to
apply a first polarization on the received electromagnetic
radiation 302 to generate first polarized radiation 303 and to
apply a second polarization, which is different from the first
polarization, or no polarization on the received electromag-
netic radiation 302 to generate second polarized or non-
polarized radiation 304. Further, the sensor unit comprising
the sensors 330, 340 is generally configured to derive at least
one first image 305 from the first polarized radiation 303 and
to derive one second image 306 from the second polarized
or non-polarized radiation 304.

[0075] In further embodiments it is provided that each
sensor 330, 340 derives two or three images in two or three
different wavelength channels, and or that the light beams
303, 304 are split further, separate wavelength selective
filters are used in each path to a separate sensor.

[0076] Hence, in an embodiment of the device a polarized
light source is used to illuminate a scene including a subject
with a visible skin surface. An imaging sensor is viewing the
scene through a polarizer that switches polarization direction
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(e.g. using a liquid crystal material) between parallel and
orthogonal (cross) orientations compared with the polariza-
tion direction of the light source. If cost is less of a concern,
two separate sensors can be used to simultaneously acquire
the cross- and parallel channels, as shown in FIG. 3. Two
successive images now view the same scene (apart from
little motion that may be present in case of time-sequential
acquisition) through different polarizers. Depending on the
depolarization characteristics of the various surfaces the
relative strength of the reflection in the cross- and parallel
channels will differ. In case of pure specular reflection, the
cross-polarized image will show a completely dark surface,
while the parallel channel will show a bright area. In case of
complete depolarization, the parallel and the cross-polarized
channels will show the same brightness.

[0077] Hence, a feature helping to classify different mate-
rials can be built, using the two polarization channels.
Simple examples of a feature are the ratio of the two images
or their difference. Consequently, for different materials,
even if they have the same total reflection (brightness,
color), such a feature helps to segment the image into similar
(material) groups of pixels.

[0078] FIGS. 4A-4E illustrate this basic scenario. In par-
ticular, segmentation based on a single cross-parallel ratio
feature is illustrated that is computed on the red channel only
of a color image. The scene contains a human face, a
doll-face and a torso. FIG. 4A shows an image sensed after
the parallel polarizer. FIG. 4B shows the corresponding red
channel image. FIG. 4C shows an image sensed after the
cross-polarizer. FIG. 4D shows the corresponding red chan-
nel image. FIG. 4E shows the cross-parallel ratio image in
the red channel.

[0079] Although in this case the segmentation seems easy,
because the face is darker than the skin-similar objects, it
should be borne in mind that the feature is blind to bright-
ness as it is eliminated in the ratio. This is a best case that
suffices for illustration, though generally a single wave-
length may not suffice to reliably differentiate between skin
and non-skin, and better results are possible using two or
more (e.g. three) color channels.

[0080] The degree of depolarization may further depend
on the wavelength used. Therefore, an advantageous
embodiment of the device uses a multi-wavelength image
sensor. For instance, an RGB-visible light video camera may
be used to collect a parallel and a cross-polarized image for
three wavelength channels (red, green and blue). Pixels are
converted to vectors with components R, G, and B and
normalized to unit length for both polarization channels.
Now, the cosine-angle (inner-product) between the vectors
taken from the two polarization channels may be used as a
feature (in this case the only feature) to segment the image
as shown in FIG. 4. The facial skin of the subject can clearly
been segmented, even though skin-similar objects (torso and
doll-face) occur in the image.

[0081] The multi-wavelength approach may be very inter-
esting to skin detection, particularly using NIR (near-infra-
red) wavelengths. For patient monitoring, discriminating
between skin and textile (bedding) is a crucial element in
remote photoplethysmography. A NIR camera with three
channels (760 nm, 800 nm and 900 nm) and corresponding
polarizers (preferably for the NIR wavelength range) may be
used to substantially improve segmentation.

[0082] In all above cases, Blind Source Separation (BSS)
techniques, like Principle Component Analysis (PCA), or
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Independent Component Analysis (ICA) may be used to
extract the independent signals, as e.g. described in the
above cited paper of G. de Haan and A. van Leest,
“Improved motion robustness of remote-PPG by using the
blood volume pulse signature”. PCA requires the relative
energy of the different components to be sufficiently differ-
ent, but is often simpler and more robust than ICA, which
however can deal with independent signals with equal
energy in the mix. Whichever BSS method is being used,
two independent signals are obtained from the two sensor
signals. To choose the PPG signal, a common strategy is to
find the one that is most periodic. To decide this, often a
Fourier transform on a time-lapse of the signals is done and
the selection is based on this transform, e.g. by choosing the
signal of which the spectrum has the lowest entropy, or the
spectrum with the highest skewness, or the spectrum with
the highest frequency peak after normalizing the spectrum.
[0083] Another preferred option is to use the PBV meth-
ods as e.g. described as well in the above cited paper of G.
de Haan and A. van Leest, “Improved motion robustness of
remote-PPG by using the blood volume pulse signature”, to
find the motion-robust PPG signal. To describe the proce-
dure in this case, normalized signals are written from both
sensors in a time window as vectors, Cp and Cc, that are
combined into a matrix, Cn=[Cp, Cc], and the extracted
pulse (PPG) signal is written as S, which 1s a weighted sum
of the two sensor signals:

S=WC,

[0084] The PBV-method obtains the mixing coefficients
using the prior knowledge regarding the relative strength of
the pulse in the two camera-channels. In our case, we expect
the pulse to be equally strong in both channels, i.e. Pbv=[1,
1], provided both channels are normalized by the DC value
of the cross-polarized channel. The best results are obtained
if the band-passed filtered versions of the two polarized
channels are used.

[0085] According to this method the known P, vector is
used to discriminate between the pulse signal and distor-
tions. Given that the relative amplitude of the pulse signal at
in cross- and polarized channel is given by P,,, the weights,
W gy, are searched that give a pulse signal S, for which the
correlation with the two polarized channels Cp and Cc
equals P,

$C,=kT e WpyC,C, 7K F .

and consequently the weights determining the mixing are
determined by

W gk ¥, Q% ' with Q=C,C,%,

and the scalar k can be determined such that W, has unit
length (or another fixed length).

[0086] In other words, the weights indicate how the detec-
tion signals should be (linearly) combined in order to extract
a pulse signal from the detection signals. The weights are
unknown and need to be computed/selected.

[0087] The signature vector (PBV vector) represent the
given (known or expected) relative pulsatilities in different
wavelength channels (i.e. the detection signals), caused by
the absorption spectrum of the blood and the penetration of
light into the skin (if photons are more absorbed by blood,
a volume change of blood leads to a larger signal than when
the blood is nearly transparent). With this knowledge, and
the observed data (i.e. the detection signals) the weights (e.g.
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a weight vector) can be determined. The resulting weights
are data dependent, i.e. depend on the detection signals.

[0088] Since the pulse signal has a different ratio AC/DC
(this s also called the relative signal strength/pulsatility) in
each wavelength channel, it can be seen that the spectrum
shows the pulse peak in the spectrum with different peak
values for the different colors. This spectrum is the result of
a Fourier analysis, but it basically means that if a sinusoid
having the pulse frequency is correlated (multiplied) with
the detection signals (RGB in the example, NIR-wave-
lengths for SpO2), exactly the peak values in the spectrum
are obtained, which by definition are called the signature
vector (PBV vector): these peak values are the relative
strength of the normalized amplitudes of the pulse signal in
the different detection signals.

[0089] The consequence of this is that a clean pulse signal
S can be obtained (assuming the pulse signal is the result of
a weighted sum of the detection signals), using this prior
knowledge (i.e. the signature vector). One option to do this
is to compute an inversion of a covariance matrix Q of the
normalized detection signals C,. Hence, the weights W to
linearly mix the detection signals in order to extract the pulse
signal S can be computed from the covariance matrix of the
detection signals in the current analysis window (Q, which
is data dependent, i.e. changes continuously over time),
using the constant signature vector PBV.

[0090] The above described methods can be applied on
detection signals that have been acquired using contactless
sensors. By way of example, the present invention can be
applied in the field of healthcare, e.g. unobtrusive remote
patient monitoring, surveillance, security monitoring and
so-called lifestyle environments, such as fitness equipment
or the like. Applications may include monitoring of oxygen
saturation (pulse oximetry), pulse rate, blood pressure, car-
diac output, changes of blood perfusion, assessment of
autonomic functions, respiration, and detection of peripheral
vascular diseases. The present invention can e.g. be used for
rapid and reliable pulse detection of a critical patient, for
instance during automated CPR (cardiopulmonary resusci-
tation). The system can be used for monitoring of vital signs
of neonates with very sensitive skin e.g. in NICUs and for
patients with damaged (e.g. burnt) skin, but may also be
more convenient than contact sensors as used in the general
ward, and offer better solutions for motion robustness.
Finding the relevant skin area automatically is currently one
of the bottlenecks. Another potential application is in sut-
veillance to reliably distinguish real and fake skin (e.g.
masks).

[0091] While the invention has been illustrated and
described 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 variations
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 disclosure, and
the appended claims.

[0092] 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 recited
in the claims. The mere fact that certain measures are recited
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in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advan-
tage.

[0093] 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 together 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.

[0094] Any reference signs in the claims should not be
construed as limiting the scope.

1. A device for image segmentation of an image of a scene

comprising a subject, said device comprising:

a receiver for receiving electromagnetic radiation
reflected from a scene comprising a subject,

apolarizer for applying a first polarization on the received
electromagnetic radiation to generate a first polarized
radiation and for applying a second polarization, which
is different from the first polarization, on the received
electromagnetic radiation to generate a second polar-
ized radiation,

a sensor for generating a first image from the first polar-
ized radiation and a second image from the second
polarized radiation,

a segmentator for identifying areas of different materials
in the scene from a combination of the first and second
images, and

a vital sign determinator for:

(a) selecting an area representing skin of the subject,

(b) generating a first detection signal having a first polar-
ization direction from the first polarized radiation in the
selected area and a second detection signal having a
second polarization direction, which is different from
the first polarization direction, from the second polar-
ized radiation in the selected area, and

(c) for determining a vital sign from the two detection
signals by combining the two detection signals.

2. The device as claimed in claim 1,

wherein said segmentator identifies areas of different
materials in the scene from a ratio or difference of the
first and second images.

3. The device as claimed in claim 1,

wherein said sensor generates the first and second images
in a single wavelength channel or in two or more
different wavelength channels.

4. The device as claimed in claim 1,

wherein said sensor generates the first and second images
in two or more different wavelength channels; and

wherein said segmentator identifies areas of different
materials in the scene from a combination of the first
and second images per wavelength channel.

5. The device as claimed in claim 1,

wherein said sensor generates the first and second images
in two or more different wavelength channels; and

wherein said segmentator;

(a) converts pixels of the respective first and second
images 1nto vectors with components of the two or
more different wavelength channels,

(b) normalizes the vectors to unit length, and

(c) determines the cosine angle or inner product
between the vectors of the two or more different
wavelength channels in order to identify areas of
different materials in the scene.

Jul. 1, 2021

6. The device as claimed in claim 1,

wherein said polarizer applies the two different polariza-
tions simultaneously and said sensor generates the two
images simultaneously.

7. The device as claimed in claim 1,

wherein said polarizer applies the two different polariza-
tions time-sequentially and said sensor unit generates
the two images time-sequentially.

8. The device as claimed in claim 1,

wherein said polarizer applies a first polarization which is
orthogonal to the second polarization.

9. The device as claimed in claim 1,

wherein said polarizer applies a first polarization which is
parallel or equivalent to the polarization direction of
polarized electromagnetic radiation used for illuminat-
ing the skin region of the subject and a second polar-
ization which is orthogonal or opposite to the polar-
ization direction of the polarized electromagnetic
radiation used for illuminating the skin region of the
subject.

10. The device as claimed in claim 1,

wherein said vital sign determinator for determining a
vital sign from the two detection signals by linearly
combining the two detection signals by a weighted
combination, wherein weights of said weighted com-
bination are determined by blind signal separation and
by selecting a component channel of the combined
detection signals according to a predetermined crite-
rion.

11. The device as claimed in claim 1,

wherein said vital sign determinator for determining a
vital sign from the two detection signals by linearly
combining the two detection signals by a weighted
combination using weights resulting in a pulse signal
for which the products with the original detection
signals equals the relative pulsatilities as represented by
the respective signature vector, a signature vector pro-
viding an expected relative strength of the detection
signal in the two original detection signals.

12. A system for image segmentation of an image of a

scene including a subject, said system comprising:

an illuminator for illuminating a scene comprising a
subject with unpolarized electromagnetic radiation or
with polarized electromagnetic radiation, and

the device as claimed in claim 1 for image segmentation
of an image of the illuminated scene.

13. A method for image segmentation of an image of a

scene including a subject, said method comprising:

receiving electromagnetic radiation reflected from a scene
including a subject,

applying a first polarization on the received electromag-
netic radiation to generate first polarized radiation and
to apply a second polarization, which is different from
the first polarization, on the received electromagnetic
radiation to generate second polarized radiation,

generating a first image from the first polarized radiation
and a second image from the second polarized radia-
tion,

identifying areas of different materials in the scene from
a combination of the first and second images,

selecting an area representing skin of the subject,

generating a first detection signal having a first polariza-
tion direction from the first polarized radiation in the
selected area and a second detection signal having a
second polarization direction, which is different from
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the first polarization direction, from the second polar-
ized radiation in the selected area, and

determining a vital sign from the two detection signals by

combining the two detection signals.

14. The device of claim 7, wherein said polarizer applies
the two different polarizations time-sequentially to alternate
the polarization direction in time.

15. The device of claim 10, wherein said weights of said
weighted combination are determined by principal compo-
nent analysis or independent component analysis.

® % k%
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