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(7) ABSTRACT

A device for obtaining vital sign information of a living being
comprises a detection unit that receives light in at least one
wavelength interval reflected from at least a region of interest
of a living being and that generates an input signal from the
received light. A processing unit processes the input signal
and derives vital sign information of said living being from
said input signal by use of remote photoplethysmography. An
illumination unit illuminates at least said region of interest
with light, and a control unit controls said illumination unit
based on said input signal and/or said derived vital sign infor-
mation.
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DEVICE AND METHOD FOR OBTAINING
VITAL SIGN INFORMATION OF A LIVING
BEING

FIELD OF THE INVENTION

[0001] The present invention relates to a device and a cor-
responding method for obtaimng vital sign information of a
living being.

BACKGROUND OF THE INVENTION

[0002] Unobtrusive vital sign monitoring using a video
camera, or remote PPG (photoplethysmography), has been
demonstrated and found relevant for patient monitoring.
Remote photoplethysmographic imaging is, for instance,
described in Vim Verkruysse, Lars O. Svaasand, and J. Stuart
Nelson, “Remote plethysmographic imaging using ambient
light”, Optics Express, Vol. 16, No. 26, December 2008. It is
based on the principle that temporal variations in blood vol-
ume in the skin lead to variations in light absorptions by the
skin. Such variations can be registered by a video camera that
takes images of a skin area, e.g. the face, while processing
calculates the pixel average over a selected region (typically
part of the cheek in this system). By looking at periodic
variations of this average signal, the heart beat rate and res-
piratory rate can be extracted. There are meanwhile a number
of further publications and patent applications that describe
details of devices and methods for obtaining vital signs of a
patient by use of remote PPG.

[0003] Thus, the pulsation of arterial blood causes changes
in light absorption. Those changes observed with a photode-
tector (or an array of photodetectors) form a PPG (photo-
plethysmography) signal (also called, among other, a pleth
wave). Pulsation of the blood is caused by the beating heart,
i.e. peaks in the PPG signal correspond to the individual beats
of the heart. Therefore, a PPG signal is a heartbeat signal in
itself. The normalized amplitude of this signal is different for
different wavelengths, and for some wavelengths it is also a
function of blood oxygenation.

[0004] Although regular video data have been shown to
vield adequate vital signs (sometimes also called biometrical
signals, such as heartbeat, respiration rate, SpO2 rate, etc.) in
many cases, the image acquisition for challenging cases, like
strong motion, low light levels, non-white illumination, needs
further improvement. The known methods and devices are
generally robust to motion and different lighting environ-
ments as long as one dominant light source is present. In such
condition the PPG technology has proven to be accurate and
robust up to a point that it can be used on a treadmill during
fitness exercises.

[0005] One major problem encountered in image-based
(e.g. camera-based) vital signs monitoring occurs when no
dominant light is present in the environment. Further, a par-
ticular illumination is not always optimal for all measure-
ments, e.g. for different skin types, body postures or after
body movements.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide a
device and a corresponding method for obtaining vital sign
information of a living being having a higher accuracy and
reliability, in particular in situations with changing condi-
tions, compared to known devices and methods.
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[0007] 1Inafirst aspect of the present invention a device for
obtaining vital sign information of a living being is presented
comprising:

[0008] a detection unit that receives light in at least one
wavelength interval reflected from at least a region of
interest of a living being and that generates an input
signal from the received light,

[0009] a processing unit that processes the input signal
and derives vital sign information of said living being
from said input signal by use of remote photoplethys-
mography,

[0010] an illumination unit that illuminates at least said
region of interest with light, and

[0011] a control unit that controls said illumination unit
based on said input signal and/or said derived vital sign
information.

[0012] In a further aspect of the present invention a corre-
sponding method for obtaining vital sign information of a
living being is presented.

[0013] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the
dependent claims.

[0014] Vital signs measurement devices derive vital sign
information by measuring the subtle change in the skin area of
the region of interest, which in turn relies on the illumination.
Normally, a dedicated illumination is needed. However, ithas
been found that one particular pre-set illumination might not
always be optimal for measurement. For example, specular
reflection is one of the difficulties, in particular for SpO2
measurement, which should be avoided in the region of inter-
est (ROI) used for measurement. Due to different skin types
(conditions) and body postures or after body movement,
specular reflections might exist or appear in the ROI. Manu-
ally adjusting illumination setup for each measurement, or
after each change in the environment or the vital signs mea-
surement device, is subjective and time consuming.

[0015] Hence, the present invention proposes an adaptive
device and method for unobtrusive vital signs measurement
(e.g. heartbeat monitoring, SpO2 monitoring, etc.), which can
be automatically configured for optimal measurement.
Accordingly, a control unit is provided that controls said
illumination unit, e.g. one or more controllable light sources,
based on said input signal generated from detected light (re-
flected from the ROI) and/or the derived vital sign informa-
tion. Thus, even in case of changing conditions vital sign
information can be obtained with optimal accuracy and reli-
ability.

[0016] According to a preferred embodiment said control
unit is configured to control intensity, wavelength, direction
and/or illumination angle of the light emitted by said illumi-
nation unit. Dependent on the conditions of the illuminated
ROI the desired parameter of the illumination unit can thus be
appropriately controlled.

[0017] While generally the use of one illumination element
as illumination unit is sufficient, according to another
embodiment said illumination unit comprises two or more
illumination elements (also called light sources). This pro-
vides more flexibility in the control of the illumination. Pref-
erably, said two or more illumination elements are arranged at
different locations and/or with different orientations. Still
further, said two or more illumination elements have different
parameters, in particular different wavelengths, intensities
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and/or illumination angles. Said two or more illumination
elements are preferably controlled individually. Said illumi-
nation elements may e.g. be LEDs, laser diodes, conventional
light bulbs, neon lights, etc. which can be controlled.

[0018] Advantageously, said control unit is configured to
control said illumination unit based on one or more predeter-
mined parameters. Thus, a user can determine in advance,
which parameter(s) is (are) most important for the actual
measurement and can thus be used for the control of the
illumination unit.

[0019] In a practical implementation said control unit is
configured to determine the amount of specular reflection in
the region of interest and to control said illumination unit
based on the determined amount of specular reflection so as to
reduce or minimize the amount of specular reflection. Specu-
lar reflection has shown to often appear having negative
effects on the quality of the obtained vital signs information.
This can be improved by taking specular reflection into
account in the control of the illumination unit.

[0020] If course, other (additional or alternative) param-
eters may be used for the control, such as the uniformity of
illumination in the ROI, good/stable illumination in all rel-
evant channels (wavelengths), no shadow in the RO, etc.
[0021] In another practical implementation said control
unit is configured to control said illumination unit based on
oneor more parameters of a monitored area and/or the derived
vital sign information, in particular light intensity of the
monitored area, heart rate, oxygen saturation, pulsatility
amplitude, pulse shape and/or periodicity of the vital sign
information. The monitored area may, for instance, be an area
where a patient (e.g. a baby) is arranged within a bed, an
incubator or a radiant warmer. Controlling the light intensity
may thus be performed in a way ensuring that the region of
interest is sufficiently illuminated for deriving vital sign
information with sufficient reliability and accuracy, but on the
other hand avoiding any unnecessary discomfort to the
patient. This may for instance he used to avoid that the face
(that may e.g. be the monitored area) or the whole area of the
patient is illuminated too much having any negative effects,
e.g. on a baby’s development.

[0022] While generally the use of one detection element as
detection unit is sufficient, said detection unit preferably
comprises two or more detection elements. Said detection
elements are, for instance, image sensors, video camera, RGB
camera, infrared camera or still image cameras. While the
detection elements generally have identical parameters but
are located at different positions and/or with different orien-
tations, in an embodiment the detection elements are different
and/or have different parameters so that the detection element
resulting in the best vital sign information can be selected for
signal evaluation. In still another embodiment the input sig-
nals from two or more detection elements may be commonly
evaluated, e.g. after averaging the input signals.

[0023] Thus, in an embodiment said processing unit is con-
figured to select the input signals generated from light
received by the detection element from which vital sign infor-
mation with the best quality are used for deriving the vital
sign information. Further, in an embodiment said processing
unit is configured to select the input signals generated from
light received by the detection element which received light
from the region of interest with the best illumination.

[0024] Still further, in an embodiment said detection unit is
configured to detect changes of a monitored area, the envi-
ronment and/or the living being and wherein said control unit
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is configured, if changes of the monitored area, the environ-
ment and/or the living being are detected, to check actual
control settings of said illumination unit and to again control
said illumination unit based on said input signal and/or said
derived vital sign information. Thus, the control can flexibly
react to any changes of any measurement conditions.

[0025] Finally, in an embodiment said control unit is con-
figured to control said illumination unit to sequentially illu-
minate said region of interest with different settings of inten-
sity, wavelength, direction and/or illumination angle of light
and to select the settings resulting in input signals with the
best image quality and/or in vital signs with the best quality.
Thus, in a kind of calibration the device can be calibrated
initially to find out the best settings of the illumination unit
which is then used for the actual measurement.

[0026] In another aspect of the present invention a care
device is presented comprising:

[0027] achild carrier that carries a newborn,

[0028] adetector that receives light in at least one wave-
length interval reflected from at least a region of interest
of the and that generates an input signal from the
received light,

[0029] a processor that processes the input signal and
derives vital sign information of said living being from
said input signal by use of remote photoplethysmogra-
phy,

[0030] an illuminator that illuminates at least said region
of interest with light, and

[0031] a controller that controls said illumination unit
based on said input signal and/or said derived vital sign
information.

[0032] In an embodiment said care device is an incubator
further comprising a canopy for housing the child and
wherein said detector and said illuminator are arranged at said
canopy. In another embodiment said care device is a radiant
warmer further comprising a radiator that emits radiation for
warming the child and wherein said detector, said illuminator
and said radiator are arranged at or within a carrier of said
radiant warmer. Preferably, said care device is a neonatal care
device for caring and obtaining vital sign information of a
newbormn.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] 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
[0034] FIG. 1 shows a schematic diagram of a first embodi-
ment of a device for obtaining vital sign information of a
living being according to the present invention,

[0035] FIG. 2 shows a schematic diagram of a second
embodiment of a device for obtaining vital sign information
of a living being according to the present invention,

[0036] FIGS.3A-3B-3C-3D-3E-3F show images obtained
with different illumination settings and reflections appearing
in said images, wherein FIGS. 3A-3B-3C show face images
of the same subject acquired with three different illumination
settings, and wherein FIGS. 3D-3E-3F show the correspond-
ing reflections detected in the images of FIGS. 3A-3B-3C,
respectively,

[0037] FIG. 4 shows a schematic diagram of a third
embodiment of a device for obtaining vital sign information
of a living being according to the present invention,

[0038] FIG. 5 shows a flowchart of an embodiment of a
method according to the present invention,
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[0039] FIG. 6 shows the arrangement of the illumination
unit and the detection unit of a device according to the present
invention at an incubator, and
[0040] FIG. 7 shows the arrangement of the illumination
unit and the detection unit of a device according to the present
invention in a radiant warmer.

DETAILED DESCRIPTION OF THE INVENTION

[0041] FIG. 1 shows a first embodiment of a device 1a for
obtaining vital sign information of a living being 2, e.g. a
patient in a hospital, an elderly person monitored in the bed at
home, a newborn infants at the NICU or a person doing sports
in a fitness club, according to the present invention. The
device 1a comprises a detection unit 3 for receiving light 4 in
at least one wavelength interval reflected from at least a
region of interest of the living being 2 and for generating an
input signal 5 from the received light 4. The detection unit 3
is, for instance, configured to register spatio-temporal varia-
tions of received light and is preferably an imaging unit for
taking images, such as a video camera that substantially con-
tinuously or at regular intervals takes images of the living
being 2 or at least a region of interest (ROI) 20 of the living
being 2.

[0042] The device 1a further comprises a processing unit 6
for processing the input signal 5 and deriving vital sign infor-
mation 7 of said living being 2 from said input signal 5 by use
of remote photoplethysmography. The processing unit 6 may
e.g. be implemented as software running on a processor or
computer, as dedicated hardware or as a mixture of hard- and
software. The derivation of vital sign information, e.g. the
heartbeat, respiration signal, SpO2 value, hemoglobin value,
etc., is generally known in the art, particularly in the field of
remote photoplethysmography, e.g. the above cited paper of
Wim Verkruysse et al., which explanation is herein incorpo-
rated by reference and shall thus not he explained here in
more detail.

[0043] The obtained vital sign information 7 is then output
from the device 1, e.g. transmitted to a central monitoring
station (e.g. a monitoring room of a nurse in a hospital) for
display on a monitor, directly displayed next to the living
being on a display, or transmitted to a remote control center
for further processing and/or display.

[0044] The device 1a further comprises an illumination
unit 8 for illuminating at least said region of interest 20 with
light 9. Said illumination unit 8 may comprise one or more
light sources which are preferably controllable in brightness
and/or frequency spectrum of the emitted light. A practical
implementation may comprise an one or more arrays of LEDs
with specific wavelengths or wavelength ranges. Other
embodiments make use of

[0045] an LED array with wide spectrum combined with
spectral filters with different wavelengths, wherein
LEDs are switched with the specific filters;

[0046] an LED array with wide spectrum combined with
a spectral filter that can adapt its wavelength (electroni-
cally/mechanically),

[0047] an LED array with broad spectrum and a rotating
disk containing filters with different wavelengths (color
wheel) like applied in projectors, wherein the wheel
position determines the wavelength used,

[0048] multiple lasers with specific wavelengths;

[0049] an LED array with wide spectrum combined with
a spectral filter that can adapt its wavelength (electroni-
cally/mechanically),
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[0050] an LCD screen or other display where the output
signal can be controlled, wherein by adding or replacing
frames in the video signal and synchronizing the detec-
tion unit (camera) the light conditions can be adapted/
controlled.

[0051] Itshall be noted that more than one illumination unit
8 may also he provided, and that other light sources may be
present that provide ambient light or lighting conditions
desired by a user, e.g. the room light in a hospital room or
changing light in a fitness club.

[0052] Finally, the device 1a comprises a control unit 10 for
controlling said illumination unit 8 based on said input signal
5 and/or said derived vital sign information 7 through a con-
trol signal 12. Thus, vital sign information with optimal qual-
ity can be achieved.

[0053] FIG. 2 shows a second embodiment of a device 15
for obtaining vital sign information of a living being 2. The
device 15 comprises a detection unit 3 including multiple
detection elements 31, . . ., 3x, e.g. n cameras. Further, the
device 15 comprises an illumination unit 8 including multiple
adjustable illumination elements 81, 82, 83, in particular light
sources such as LEDs, and a user interface 11. The cameras
31, . .. 3n are used to visually sense the subject(s) being
measured under the illumination. The video signal 5 is pro-
cessed and analysed in the processor 6 to derive the vital sign
information 7 (e.g., an SpO2 signal), which can be visualized
in the user interface 11, such as a display. The multiple illu-
mination elements 81, 82, 83, are placed at different locations
and/or with different angles and are controlled by the control
unit 10, based on the camera signal 5 and/or the derived vital
sign information 7.

[0054] For camera-based vital sign measurement, one or
multiple regions of interest are selected in the skin area
(manually or automatically), preferably before the measure-
ment, e.g., in the forehead or cheek. Two ROIs are illustrated
in FIGS. 3A-3F.

[0055] Inanembodiment, before starting measurement, the
illumination unit will be configured automatically. For
instance, individual illumination elements and combinations
of them are switched on (with different levels) and off sequen-
tially. The acquired images with different illumination set-
tings are then analysed by the processor, and the optimal
illumination setting is selected and adjusted based on the
analysis on the imaging data (i.e. the input signal generated
from the received light) and/or the derived vital sign informa-
tion.

[0056] Inanembodiment,the specular reflection inthe ROI
is used as one of criterion, that is, the illumination that causes
no or little reflections in the RO is selected. Reflection can be
detected with a generally known video analysis algorithm.
[0057] FIGS. 3A-3C show face images of the same subject
acquired with three different illumination settings and FIGS.
3D-3F show the corresponding reflections detected in these
images. Two example ROIs are considered here. Apparently,
if the top-right ROI 30 is used, the illumination setting used
for obtaining FIGS. 3A and 3D is selected, if the bottom-left
ROI 31 is used, the illumination setting used for obtaining
FIGS. 3B and 3E is selected.

[0058] Other factors can also be considered in the criterion,
for example the uniformity of illumination in the ROI, good/
stable illumination in all relevant channels (wavelengths)
and/or no shadow in the ROIL.

[0059] Besides the imaging quality, the property or quality
of the derived vital sign information from the ROI (such as
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PPG signal or SpO2 signal) can also be used as criterion to
select and adjust the illumination, for example reasonable
heart rate (e.g., 30-250 bpm) and oxygen saturation (50-100%
SpO2 in all cases, 95-100% in 99% of the cases), the pulsa-
tility amplitude, the pulse shape and/or the periodicity of PPG
signal.

[0060] To reduce disturbance (to the user) and time of the
illumination self-configuration process, multiple cameras,
placed at different locations and/or with different angles, are
used in an embodiment. For one illumination, the acquired
images of different cameras will be analysed. If any of these
cameras gets the optimal illumination, the camera (and the
illumination) will be used for measurement. With multiple
cameras, itis easier and faster to find the optimal illumination.

[0061] After changes in the environment, the living being
and/or the measurement arrangement (e.g., re-selecting ROI,
subject moving), the illumination and cameras can be
assessed, and, if necessary, are re-adjusted or re-selected.

[0062] In the following, another field of application of the
present invention will be examined.

[0063] Premature babies are leaving the protected environ-
ment in the uterus before ready for the earth. They are not
ready in many areas. Neonatal Intensive Care Units (NICUs)
are prepared to take care of the special needs of preemies but
still suffer from many disadvantages. The intensive care has
to perform a lot of tasks in a way and with equipment that is
obtrusive to the baby and has negative impact on getting
healthy and mature. In no way is this close to what a fetus is
experiencing the mother’s womb.

[0064] An example is the need to monitor vital signs and
stick electrodes orsensors on the fragile baby’s skin. The skin
often gets peeled off when the parts need to be changed. All
these sensing parts are usually clumsy when compared to the
size of these very small children. The parts prevent or inter-
rupt a good sleep. Current practice in NICU in mature mar-
kets is to follow the so-called developmental care as e.g.
described in “Developmental Care of Newborns and Infants,
A Guide for Health Professionals”, Editors: Carole Kenner,
Jacqueline M McGrath, National Association of Neonatal
Nurses, 2010.

[0065] The present invention can be used to support this
effort. Further, the present invention can help to protect the
baby from excess light and from sensors applied to the skin
and to improve parent contact through camera while keeping
the premature baby as protected as it can from the outside
world. The present invention can also overcome the problem
of bulky equipment that makes camera use practically impos-
sible today.

[0066] Inthe following various embodiments of the present
invention will be explained how the detection unit (e.g. in the
form of a camera) and the illumination unit can be best inte-
grated into the NICU environment. Generally, but particu-
larly in such an environment, the use of camera may serve for
various purposes including monitoring of the baby’s vital
signs, parent-child bonding and remote care.

[0067] As mentioned above a premature baby needs to be
protected from too much light. The ideal place for the fetus
was mother’s womb where there is very little light from
outside. Still, the premature baby needs lot of care, treatment
and procedures to support its life and growth. A camera with
integrated light that is optimally mounted close to the baby
could help to mimic the womb environment as close as pos-
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sible. Still a camera can help interfacing to the baby for the
caregivers and parents. Thus, dedicated and minimal lighting
can be used

[0068] i) for visual inspection of the baby, look at eyes, at
movements;

[0069] i) make parents see the baby while keeping it
covered; and

[0070]

[0071] Vital signs monitoring requires some level of light
on the baby. The amount and quality of room light ina NIC U
is neither well defined nor constant. There are many times
when the baby sleeps. Dimming lights are a must to provide
best developmental care. This is often achieved by covering
the incubator with a blanket and switching off room light.
This may lead to situations where the light levels become
inappropriate for the detection unit (e.g. a video sensor of a
camera) and the signal to noise level gets unacceptably low.
The quality of the received light (e.g. a video image) becomes
too had for watching or further processing, i.e. it becomes
useless for its intended purpose. Also, the wavelength distri-
bution of the illumination may not be appropriate for the
camera (monitoring) purpose.

[0072] Therefore a level controlled illumination unit (e.g.
light source), preferably at the detection unit (e.g. at the
camera) is proposed that provides adequate intensity at the
wavelengths needed for the purpose and at the same time does
not unnecessarily discomfort the baby by keeping it a low as
possible.

[0073] FIG. 4 shows a schematic diagram of a third
embodiment of a device 1¢ for obtaining vital sign informa-
tion of a living being according to the present invention. In
this embodiment an integrated camera frontend 40 including
illumination lighting is used, which is connected to the pro-
cessor 6 and the controller 10 via a cable 13 including signal
lines for transmitting the input signals 5 and the control sig-
nals 12.

[0074] The integrated camera frontend 40 comprises a
frontend housing 41, a camera lens 42 (behind which the
camera (not shown) is arranged inside the housing, a plurality
of illumination LEDs 43 and a soft suction cup ring for
attaching the integrated camera frontend 40 to an incubator or
other device.

[0075] In another embodiment a spot light source close to
the camera is used to avoid shadows on the image and to keep
the location of the field of view of camera and light small. In
still another embodiment the light source is made large in area
and diffuse in order to minimize the chance to create shades
and block the light.

[0076] Thelightlevels can be controlled by feedback of the
processor 6 using the image intensity at one or more wave-
length ranges. While in typical studio setups the light levels
are maximized to get the best pictures it is desired in such an
application to use the minimum light levels with the prema-
ture babies to conform to their development needs and mimic
the dim environment in the uterus. The minimum is specific to
the purpose of the camera use. Thus, for instance the light
level in a monitoring area (comprising the premature baby or
at least the baby’s face) is monitored and used to control the
light level of the illumination unit.

[0077] Inaddition the color (wavelength) of the light could
be tuned to the purpose and chosen so it has the least visual
sensitivity for the human eye. For instance, if the camera is

iii) monitoring vital signs of the baby.
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used for respiration monitoring where motion of the chest is
the key interest then red or even near infrared light is prefer-
ably used.

[0078] As shown in FIG. 4, the illumination unit is imple-
mented by a set of LEDs, with the wavelengths selected
according to the need of the monitoring goal. For pulse moni-
toring, where the change in skin color is used, there would be
a need of LEDs in the green range (e.g. 500 nm) and a
reference in the red range (e.g. 650 nm). If the camera is used
to measure bilirubin levels via skin several wavelengths need
to be covered to make the calculations (e.g. 460 nm, 520 nm,
650 nm).

[0079] In this embodiment the illumination elements 43
(e.g. LEDs or lights) are arranged in a circle around the
camera as a ring light. Preferably, the illumination cone
matches the field of view of the camera for best energy use
and avoids reflections and glare to caregivers and the patient
as well as light interference with similar systems close by.

[0080] Inanother approach, in which widely diffused lights
are used, glowing surfaces surrounding the baby are used.
This could be achieved by any sort of conventional spatially
spread light sources as fluorescence bulbs including diffusers
or newer OLED technologies that have the intrinsic propet-
ties of emitting light over a larger surface. They may he
embedded in the transparent side and top walls of an incuba-
tor canopy.

[0081] The camera frontend 41 is preferably mounted in a
way, where obstruction of the camera view does not likely
occur due to any circumstances that are likely to happen in the
NICU care. A good position is defined where the monitored
are, e.g. the interesting body part like the face, is in good view
and where external room light can still be shielded to protect
the baby’s sleep without affecting the intended camera func-
tionality.

[0082] The power of the different illumination elements 43
(e.g. LEDs) can be controlled independently to achieve the
optimal tradeoff between signal-to-noise ratio and least baby
illumination intensity. A flowchart corresponding of a corre-
sponding method is shown in FIG. 5. In a first step S10 the
initial LED power level is set. In a second step S12 a raw
image (as input signal) is taken, in a third step S14 the image
is processed to obtain the desired information (e.g. a desired
vital sign). In a fourth step S16 it is checked if the SNR is in
an acceptable range. Depending on the result of this check the
LED power level is lowered (S18), kept stable (S20) or
increased (S22). Thereafter the method returns to step S12.

[0083] FIG. 6 shows an incubator 50 including a device
according to the present invention. Very small and fragile
babies are typically kept in such a closed incubator 50 that
allows for a controlled humidity and temperature environ-
ment. The baby’s bed is covered with a transparent canopy 51
that has opening holes 54 and doors to get access to the
patient. For such an incubator a good place to put the inte-
grated camera frontend 52 is on top of the canopy 51, which
has in most cases a flat top.

[0084] The integrated camera frontend 52 may be mounted
inside or outside of the canopy 51. In order to hold it in place
a suction cup 53 s preferably used to fix it inside or outside or
make it heavy enough and use gravity with a non-slippery
surface to the canopy 51 to stay in place outside. If outside the
suction cup 53 or non-slipring (44, see F1G. 4) may be formed
as kind of opaque rubber seal that also keeps stray light away
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from outside. Close contact of the optical camera and light
surfaces to the canopy 51 also keeps dust and contamination
away.

[0085] If, for some reason the integrated camera frontend
52 needs to be inside the canopy 51, e.g. because of excess
absorption of the light intended to measure, a secure way of
fixing it in the middle of the compartment on the top over the
baby is needed. It could be a cup like compartment with a
transparent window to the baby. The window can be made of
materials and thickness better suited transparent for all the
wavelengths needed than the canopy is made off.

[0086] For some applications like parent bonding or sound
monitoring a microphone can be included in the integrated
camera frontend 52. In this case there is preferably an opening
or acoustical membrane that allows sound waves to pass
while keeping contamination and water away from the inte-
grated camera frontend 52.

[0087] Direct mounting on or in the incubator 50 also gives
better mechanical stability, i.e. less shaky pictures compared
to mounting on separate arms or stands. It still allows the
caregivers to cover the incubator by blankets to protect the
baby from external light.

[0088] FIG. 7shows aradiant warmer 60 including a device
according to the present invention. Larger and closer to term
babies are often kept in such a radiant warmer 60 to help keep
the temperature regulated. This gives better access to the
patient for treatment, care and procedures. But still the baby
is at a well-defined spot and a camera 3 can be mounted at a
predefined position.

[0089] A radiant warmer 60 normally has an IR warming
lamp 62 centered above the baby 2. The means to hold that
heating element 62 makes it also the ideal place to integrate
the integrated camera frontend along with this heating ele-
ment 62 at the same spot as much a as space allows. The arm
63 that carries the heating element 62 can also carry the
camera 61 inside (basically invisible as it only need a little
hole), and it could also contain the illumination elements 64
to support the camera 61. Cable routing can be managed there
perfectly inside the warmer, in particular the arm 63, if the
processor, the control unit and a display for the camera
parameters, the control and the results is also integrated in the
radiant warmer 60. The radiant warmer 60 may share the user
interface and any computation means between the monitoring
and the warming functions.

[0090] The advantage of this arrangement over an inte-
grated camera frontend on a separate arm is that it is unob-
trusive, nearly invisible and well protected from contamina-
tion due to fluid spills and provides better access to the baby
due to less equipment and rood cable management.

[0091] In summary, the latter embodiments provide con-
trolled light levels by a feedback loop from the processing of
detected signals, dedicated wavelengths to optimize the pur-
pose of the camera and at the same time be least disturbing to
the baby, and an improved workflow with incubators and
warmers through integration of camera and lighting.

[0092] Thus, according to these latter embodiments of the
present invention a care device is presented as described
above.

[0093] As described in an embodiment said care device is
an incubator further comprising a canopy for housing the
child and wherein said detector and said illuminator are
arranged at said canopy. In another embodiment said care
device is a radiant warmer further comprising a radiator that
emits radiation for warming the child and wherein said detec-
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tor, said illuminator and said radiator are arranged at or within
acarrier of said radiant warmer. Preferably, said care device is
a neonatal care device for caring and obtaining vital sign
information of a newborn.

[0094] The present invention may be applied in various
applications. Heart rate, breathing rate, and SpO2 are very
relevant factors in patient monitoring and home-healthcare
where remote heart rate monitoring becomes more and more
relevant. Further, the present invention may be applied to
register heartbeat in fitness devices. The proposed invention
can particularly be applied in any application where camera-
based vital signs monitoring is performed with controllable
illumination that is changing or with variable light conditions.
Normally, the vital signs extraction is extremely challenging
and even impossible in some cases, but can now be accurately
and reliably achieved.

[0095] Furthermore, the different embodiments can take
the form of a computer program product accessible from a
computer usable or computer readable medium providing
program code for use by or in connection with a computer or
any device or system that executes instructions. For the pur-
poses of this disclosure, a computer usable or computer read-
able medium can generally be any tangible device or appara-
tus that can contain, store, communicate, propagate, or
transport the program for use by or in connection with the
instruction execution device.

[0096] Inso far as embodiments of the disclosure have been
described as being implemented, at least in part, by software-
controlled data processing devices, it will be appreciated that
the non-transitory machine-readable medium carrying such
software, such as an optical disk, a magnetic disk, semicon-
ductor memory or the like, is also considered to represent an
embodiment of the present disclosure.

[0097] The computer usable or computer readable medium
can be, for example, without limitation, an electronic, mag-
netic, optical, electromagnetic, infrared, or semiconductor
system, or a propagation medium. Non-limiting examples of
a computer readable medium include a semiconductor or
solid state memory, magnetic tape, a removable computer
diskette, a random access memory (RAM), a read-only
memory (ROM), a rigid magnetic disk, and an optical disk.
Optical disks may include compact disk—read only memory
(CD-ROM), compact disk—read/write (CD-R/W), and
DVD.

[0098] Further, a computer usable or computer readable
medium may contain or store a computer readable or usable
program code such that when the computer readable or usable
program code is executed on a computer, the execution of this
computer readable or usable program code causes the com-
puter to transmit another computer readable or usable pro-
gram code over a communications link. This communications
link may use a medium that is, for example, without limita-
tion, physical or wireless.

[0099] A dataprocessing system or device suitable for stor-
ing and/or executing computer readable or computer usable
program code will include one or more processors coupled
directly or indirectly to memory elements through a commu-
nications fabric, such as a system bus. The memory elements
may include local memory employed during actual execution
of the program code, bulk storage, and cache memories,
which provide temporary storage of at least some computer
readable or computer usable program code to reduce the
number of times code may be retrieved from bulk storage
during execution of the code.
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[0100] Input/output, or /O devices, can be coupled to the
system either directly or through intervening I/O controllers.
These devices may include, for example, without limitation,
keyboards, touch screen displays, and pointing devices. Dif-
ferent communications adapters may also be coupled to the
system to enable the data processing system to become
coupled to other data processing systems, remote printers, or
storage devices through intervening ptivate or public net-
works. Nonlimiting examples are modems and network
adapters and are just a few of the currently available types of
communications adapters.

[0101] The description of the different illustrative embodi-
ments has been presented for purposes of illustration and
description and is not intended to be exhaustive or limited to
the embodiments in the form disclosed. Many modifications
and variations will be apparent to those of ordinary skill in the
art. Further, different illustrative embodiments may provide
different advantages as compared to other illustrative
embodiments. The embodiment or embodiments selected are
chosen and described in order to best explain the principles of
the embodiments, the practical application, and to enable
others of ordinary skill in the art to understand the disclosure
for various embodiments with various modifications as are
suited to the particular use contemplated. 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.

[0102] 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 in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

1. A device for obtaining a sign information of a living
being, comprising:

a detection unit that receives light in at least one wave-
length interval reflected from at least a region of interest
of a living being and that generates an input signal from
the received light,

aprocessing unit that processes the input signal and derives
vital sign information of said living being from said
input signal by use of remote photoplethysmography,

an illumination unit that illuminates at least said region of
interest with light, and

a control unit that controls said illumination unit based on
said input signal and/or said derived vital sign informa-
tion.

2. The device as claimed in claim 1, wherein said control
unit is configured to intensity, wavelength, direction and/or
illumination angle of the light emitted by said illumination
unit.

3. The device as claimed in claim 1, wherein said illumi-
nation unit comprises two or more illumination elements.

4. The device as claimed in claim 3, wherein said two or
more illumination elements are arranged at different loca-
tions and/or with different orientations.

5. The device as claimed in claim 3, wherein said two or
more illumination elements have different parameters, in par-
ticular different wavelengths, intensities and/or illumination
angles.
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6. The device as claimed in claim 4 or 5, wherein said
control unit configured to individually control said illumina-
tion elements.

7. The device as claimed in claim 1, wherein said control
unit is configured to control said illumination unit based on
one or more predetermined parameters.

8. The device as claimed in clams 7, wherein said control
unit is configured to determine the amount of specular reflec-
tion in the region of interest, and to control said illumination
unit based on the determined amount of specular reflection so
as to reduce or minimize the amount of specular reflection.

9. The device as claimed in claims 7, wherein said control
unit is configured to control said illumination unit based on
one or more parameters of a monitored area and/or the derived
vital sign information, in particular light intensity of the
monitored area, heart rate, oxygen saturation, pulsatility
amplitude, pulse shape and/or periodicity of the vital sign
information.

10. The device as claimed in claim 1, wherein said detec-
tion unit comprises two or more detection elements.

11. The device as claimed in claim 10, wherein said pro-
cessing unit is configured to select the input signals generated
from light received by the detection element from which vital
sign information with the best quality are used for deriving
the vital sign information.

12. The device as claimed in claim 10, wherein said pro-
cessing unit is configured to select the input signals generated
from light received by the detection element which received
light from the region of interest with the best illumination.

13. The device as claimed in claim 1, wherein said detec-
tion unit is configured to detect changes of a monitored area,
the environment and/or the living being and wherein said
control unit is configured, if changes of the monitored area,
the environment and/or the living being are detected, to check
actual control settings of said illumination unit and to again
control said illumination unit based on said input signal and/
or said derived vital sign information.

14. The device as claimed in claim 7, wherein said control
unit is configured to control said illumination unit to sequen-
tially illuminate said region of interest with different settings
of intensity, wavelength, direction and/or illumination angle
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of light and to select the settings resulting in input signals with
the best image quality and/or vital signs with the best quality.

15. A method for obtaining vital sign information of a

living being, comprising:

illuminating at least a region of interest of a living being
with light,

receiving light in at least one wavelength interval reflected
from at least said region of interest,

generating an input signal from the received light,

processing the input signal and deriving vital sign infor-
mation of said living being from said input signal by use
of remote photoplethysmography, and

controlling said illumination unit based on said input signal
and/or said derived vital sign information.

16. A care device, comprising;

a child carrier that carries a newborn,

a detector that receives light in at least one wavelength
interval reflected from at least a region of interest of the
and that generates an input signal from the received
light,

a processor that processes the input signal and derives vital
sign information of said living being from said input
signal by use of remote photoplethysmography,

an illuminator that illuminates at least said region of inter-
est with light, and

a controller that controls said illumination unit based on
said input signal and/or said derived vital sign informa-
tion.

17. The care device as claimed in claim 16,

wherein said care device is an incubator further comprising
acanopy for housing the child and wherein said detector
and said illuminator are arranged at said canopy.

18. Theca e as claimed in claim 16,

wherein said care device is a radiant warmer further com-
prising a radiator that emits radiation for warming the
child and wherein said detector, said illuminator and
said radiator are arranged at or within a carrier of said
radiant warmer.

19. The care device as claimed in claim 16,

wherein said care device is a neonatal care device for caring
and obtaining vital sign information of a newborn.
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