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Description
FIELD OF THE INVENTION

[0001] Theinvention relates to a method and a system
for monitoring the skin color of a user, particularly a meth-
od and a system for monitoring the skin color of a ne-
onate.

BACKGROUND OF THE INVENTION

[0002] Itis common practice in neonatal intensive care
units (NICU) to visually monitor and evaluate skin color
of a neonate to have an indication of the neonate’s phys-
iopathologic conditions. For example, skin color provides
indications of blood circulation, temperature and stress
response of the neonate.

[0003] Itis also common practice to shield the neonate,
especially a premature neonate, from strong environ-
mental light to avoid damage to eyes and to reduce the
level of stress. The necessity of reducing exposure to
lightis recognized by the medical community and results
in two main practices: having dimmed light within the
NICU, and/or applying a cover to an incubator to provide
shielding from light in the NICU environment.

[0004] However, the dimmed light will highly degrade
the accuracy of skin color monitoring. Furthermore, while
shielding the neonate from environmental light, the cover
of the incubator also hinders visual monitoring of the ne-
onate, and therefore, the cover needs to be periodically
opened or removed to evaluate skin color.

[0005] While the monitoring of movements in the dark
could be easily accomplished by simply using available
infra-red cameras, there is currently no solution for mon-
itoring skin color in the absence of light or at an extremely
reduced light intensity.

[0006] US 6679830 B2 discloses an infant care unit
and suggests using video cameras to monitor physiolog-
ical parameters such as skin color. However, it does not
disclose how to monitor skin color of a neonate when the
neonate is within the infant care unit which is generally
kept very dark to protect the neonate.

[0007] US 2009/196475 A1 discloses methods and
systems for automatically generating a mask delineating
aregion of interest (ROI) within an image containing skin
are disclosed. The image may be of an anatomical area
containing skin, such as the face, neck, chest, shoulders,
arms or hands, among others, or may be of portions of
such areas, such as the cheek, forehead, ornose, among
others. The mask that is generated is based on the loca-
tions of anatomical features or landmarks in the image,
such as the eyes, nose, eyebrows and lips, which can
vary from subject to subjectand image to image. As such,
masks can be adapted to individual subjects and to dif-
ferentimages of the same subjects, while delineating an-
atomically standardized ROls, thereby facilitating stand-
ardized, reproducible skin analysis over multiple subjects
and/or over multiple images of each subject. Moreover,
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the masks can be limited to skin regions that include uni-
formly illuminated portions of skin while excluding skin
regions in shadow or hot-spot areas that would otherwise
provide erroneous feature analysis results. Methods and
systems are also disclosed for automatically registering
a skin mask delineating a skin ROl in a first image cap-
tured in one imaging modality (e.g., standard white light,
UV light, polarized light, multi-spectral absorption or flu-
orescence imaging, etc.) onto a second image of the ROI
captured in the same or another imaging modality. Such
registration can be done using linear as well as non-linear
spatial transformation techniques.

[0008] US 2008/292151 A1 discloses a method for
capturing images of an individual to determine wellness
for such individual, including establishing baseline phys-
iological datafor the individual, and baseline capture con-
dition data for the individual; detecting and identifying the
presence of the individual in the image capture environ-
ment; providing semantic data associated with the indi-
vidual; capturing one or more images of the individual
during a capture event and determining the capture con-
ditions present during the capture event; using the event
capture conditions, the baseline physiological data for
the individual and the baseline capture condition data to
determine the acceptability of event captured images;
and using the acceptable images and the semantic data
in determining the wellness of the individual.

[0009] US 2008/194906 A1 shows an optical infant
monitoring system with detection of the infant’s silhou-
ette. JP 11076434 A shows an LED illumination for infant
skin color monitoring. US 2010/007746 A1 shows a flash
light control system with a face recognition system for
determining if the infant’s eyes are open.

SUMMARY OF THE INVENTION

[0010] Based on the understanding of the technical
problems and prior art described above, it would be de-
sirable to monitor skin color of a user without exposing
the user to strong environmental light. It would also be
desirable to monitor the skin color of a neonate inside an
incubator with little to no light within the incubator and
without the need to open the cover of the incubator. It
would further be desirable to effectively control skin color
monitoring so as to reduce disturbance of the user and
well-being risks to the user.

[0011] To better address one or more of the above con-
cerns, in an embodiment of a first aspect of the invention,
a system for monitoring skin color of a user illuminated
by a light source is provided. The system comprises:

a first controlling unit for controlling the direction
and/or beam size of the light source to focus the light
from the light source on a predefined part of the user;
a capturing unit for capturing at least one image of
the user over a predetermined time period;

an obtaining unit for obtaining motion-related infor-
mation of the user over the predetermined time pe-
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riod;

a deriving unit for deriving visual information from
the at least one image on the basis of the motion-
related information; and

a determining unit for determining the skin color on
the basis of the visual information.

[0012] Atleastoneimage is captured over a predeter-
mined time period. Skin color can be detected on the
proviso that a sufficient amount of reflected light from the
skin of the user is accumulated, in time, during the pre-
determined period. Furthermore, since information about
the user’s motion, i.e. the so-called motion-related infor-
mation, is obtained and then used for deriving visual in-
formation, distortion caused by the user’s motions during
the predetermined time can be mitigated. The distortion
comprises an image being blurred due to the user’s mo-
tion during the acquisition time when light information is
being accumulated, and/or visual information derived
from a plurality of images and being inaccurate because
the position of the user in the plurality of the images
changes due to the user’s motions. Since the skin color
is determined on the basis of the visual information de-
rived from the at least one image, and the at least one
image is captured over the predetermined period time,
each measurement of the skin color approximately takes
the predetermined period of time. However, considering
that the skin color does not change rapidly, such a period
of time is acceptable for monitoring the color of the skin.
[0013] According to the present invention, the system
comprises a first controlling unit for controlling the direc-
tion and/or the beam size of the light source to focus the
light from the light source on a predefined part of the user.
[0014] The predefined part of the user can refer to any
specific part or spot of the user’s body that is relevant
and representative to be used for performing a measure-
ment of the skin color.

[0015] In comparison with light diffusion over the user,
when the lightis focused on a predefined part of the user,
the amount of light entering the visual space of the user
can be reduced while the illumination of the predefined
part remains the same. Thus, the disturbance of and risk
of damage to the user can be reduced accordingly. Al-
ternatively, by focusing the light on the predefined part
of the user, the illumination of the predefined part can be
increased while the amount of light entering the visual
space of the user remains the same, thereby maintaining
the same comfort level for the user. Thus, the predeter-
mined time period for light accumulation can be reduced
accordingly, and in turn the time consumption as well as
the distortion due to the user’s motions can be reduced
also.

[0016] According to another embodiment, the system
further comprises a detecting unit for detecting the status
of the user, and a second controlling unit for controlling
the illumination intensity of the light source according to
the detected status of the user.

[0017] For example, the status of the user comprises
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the status of the eyes of the user, and/or discomfort signs
that indicate the discomfort of the user. When the eyes
of the user are closed, the illumination intensity can be
relatively increased and, in turn, the predetermined time
period can be decreased compared to the scenario
where the eyes of the user are open.

[0018] In this way, a good trade-off between the com-
fort level of the user and the effectiveness of the skin
monitoring, such as time consumption and accuracy, can
be adaptively achieved.

[0019] According to yet another embodiment, the sys-
tem further comprises the light source, and the light
source and the capturing unit are integrated into at least
one of the following: mattress intended to be placed under
the user, and clothing of the user. Additionally or alter-
natively, the light source and the capturing unit are at-
tachable to the user.

[0020] In this way, the illumination can be highly local-
ized and therefore, high illumination of the user’s skin
can be achieved without causing any disturbance to the
user.

[0021] In an embodiment of a second aspect of the
invention, a method of monitoring skin color of a user
illuminated by a light source is provided. The method
comprises the steps of:

controlling the direction and/or beam size of the light
source to focus the light from the light source on a
predefined part of the user;

capturing at least one image of the user over a pre-
determined time period;

obtaining motion-related information of the user over
the predetermined time period;

deriving visual information from the at least one im-
age on the basis of the motion-related information;
and

determining the skin color on the basis of the visual
information.

[0022] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

DESCRIPTION OF THE DRAWINGS

[0023] The above and other objects and features of
the present invention will become more apparent from
the following detailed description considered in connec-
tion with the accompanying drawings, in which:

Fig.1 shows a schematic diagram of an exemplary
application scenario of a system in accordance with

an embodiment of the invention.

Fig.2 shows a flowchart of a method in accordance
with an embodiment of the invention.

Fig.3 shows a schematic diagram of an exemplary
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application scenario of a system in accordance with
another embodiment of the invention.

[0024] The same reference numerals are used to de-
note similar parts throughout the figures.

DETAILED DESCRIPTION

[0025] Fig.1 shows a schematic diagram of an exem-
plary application scenario of a system 100 in accordance
with an embodiment of the invention.

[0026] The system 100 is configured to monitor skin
color of a user illuminated by a light source. The system
100 can be applied for any kinds of person who need a
skin color measurement or

monitoring, such as adults, children and neonates. The
advantages of the system are more obvious when the
light intensity of the light source is low. For example, pre-
mature neonates will be disturbed or even injured by
strong environmental light, so the light source illuminating
the premature neonates should have alow light intensity.
Preferably, the light emitted by the light source has a
sufficiently wide and distributed spectrum in the visible
range to enable correct color determination. Moreover,
itcan be beneficial to optimize the spectrum of the emitted
light so that it causes as little stress as possible to the
neonate.

[0027] According to an embodiment of the invention,
the system 100 is applied to monitor skin color of a ne-
onate.

[0028] Referring to Fig.1, a neonate 10 is lying on a
mattress 20 within an incubator 30. The incubator 30 is
generally kept as dark as possible for the purpose of re-
ducing the stress for the neonate and the risk of eye dam-
age. A light source 101 within the incubator 30 can be
configured to provide diffused light with a low intensity;
the intensity should be so low that the neonate is not
disturbed. The system 100 can comprise the light source
101. Alternatively, the light source 101 can be a stand-
alone device.

[0029] Further, referring to Fig.1, the system 100 com-
prises a capturing unit 102 for capturing at least one im-
age of the user over a predetermined time period. The
capturing unit 102 can be a photo camera, a video cam-
era, a light detector, or the like. The at least one image
can show the whole body of the user or part of the user’'s
body. The predetermined time period can be related to
the light intensity of the light source 101. For example,
when the light intensity is lower, the predetermined time
period is set to be longer so as to accumulate a sufficient
amount of the reflected light from the user’s skin for de-
termination of the skin color. Furthermore, the number
of the at least one image can be set according to the
user’s skin monitoring requirements. For example, when
the number of the atleast one image is smaller, a smaller
number of images need to be processed to derive the
visual information for skin color determination and the
complexity of the skin monitoring operation can therefore
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be reduced. In another example, when the number of the
at least one image is larger, a higher flexibility can be
provided when the visual information for skin color de-
termination is derived, and the skin monitoring accuracy
can be enhanced.

[0030] The capturingunit 102 can be configuredto cap-
ture the at least one image in different ways.

[0031] Inone embodiment, the capturing unit 102 cap-
tures an image at a point in time, with the shutter time
being equal to or slightly smaller than the predetermined
time period. The shutter time, also known as exposure
time, represents the time it takes for light to reach the
film or image sensor. By having a sufficiently long expo-
sure time, the reflected light from the user will be accu-
mulated over the exposure time, resulting in a single cor-
rectly exposed image.

[0032] In another embodiment, the capture unit 102
captures more than one image at a series of time points,
and the total acquisition time of the more than one image
is equal to the predetermined time period. The captured
images will then be processed to accumulate visual in-
formation across these images to obtain a single correctly
exposed image, which will be described later.

[0033] When the user moves during the image captur-
ing process, the image will be blurred. Additionally, when
the user moves during the capturing of a plurality of im-
ages, the position of the user’s body will change across
the plurality of images. Thus, the user's motion might
make the skin color measurement less reliable.

[0034] In order to obtain information about the user’s
motion, the system 100 further comprises an obtaining
unit 103 for obtaining motion-related information of the
user over the predetermined time period. An example of
such a unit could be an infra-red camera capable of vis-
ualizing movement of the user in a condition of extremely
low light intensity.

[0035] The motion-related information can comprise
any kind of information about the user’'s motion. In one
embodiment, taking into consideration that a neonate,
especially a premature neonate, mostly moves the limbs
while other parts of the body remain mostly still, the mo-
tion-related information comprises a motion indication for
each part of the user’s body to indicate whether the part
of the user’s body moves in the image or not, or to further
indicate the motion level. Additionally, the motion-related
information comprises a motion indication for each im-
age. In another embodiment, the motion-related informa-
tion comprises information about the position of the us-
er’s body in each image and/or information about chang-
es of the user’s body position in different images. For
example, when the left hand of the user moves from a
first position in a first image to a second position in a
second image, the motion-related information comprises
the first position and the second position. Alternatively,
the motion-related information may comprise the first po-
sition and the difference between the first and the second
position.

[0036] The obtaining unit 103 can obtain the motion-
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related information in different ways. In one embodiment,
the obtaining unit 103 comprises a motion detector for
detecting the user’s motion. The motion detector can be
an infra-red camera, a passive infra-red sensor, an ac-
celerometer attached to the user or a pressure sensor
integrated in the mattress or just below the mattress. In
another embodiment, the obtaining unit 103 comprises
a processor for obtaining the motion-related information
by means of image processing. Various image process-
ing techniques can be applied. For example, blurred ar-
eas of an image can be identified by detecting edges and
boundaries. For another example, different parts of the
user’s body can be identified by a pattern recognition
technique. On the basis of the identified different parts,
the positions of each partin each image and/or the chang-
es of the positions across a plurality of images can then
be determined.

[0037] The system 100 further comprises a deriving
unit 104 for deriving visual information from the at least
oneimage on the basis of the motion-related information.
The visual information refers to any information about
the reflected light of the user captured in the at least one
image. For example, when the deriving unit is provided
with one image, the visual information can be the whole
image or part of the image. In another example, when
the deriving unit is provided with more than one image,
the visual information can be an image generated by ac-
cumulating the more than one image.

[0038] The deriving unit 104 can derive the visual in-
formation in different ways.

[0039] In one embodiment, the deriving unit 104 se-
lects non-blurred or less-blurred areas from an image
and only uses the selected areas to derive the visual
information for determining the skin color. Additionally or
alternatively, when more than one image is provided, the
deriving unit 104 selects non-blurred or less-blurred im-
ages froma plurality ofimages and uses only the selected
images. For example, the selection can be performed on
the basis of the motion indications provided by the ob-
taining unit 103.

[0040] In another embodiment, when the deriving unit
104 is provided with more than one image, it generates
an image by accumulating the visual information across
the more than one image therein by means of image
processing. For example, the generated image is a su-
perposition of the more than one image. Preferably, the
deriving unit 104 can further use any algorithm known by
the person skilled in the art for motion estimation and/or
motion compensation to correct the distortion during the
accumulating procedure. For example, the deriving unit
104 can use the algorithm to maximize the quality of the
generated image. Additionally or alternatively, the deriv-
ing unit 104 can identify those parts of the more than one
image in which the user does not move, or not move
excessively, and apply the derivation procedure only to
those.

[0041] Additionally, the deriving unit 104 can further
evaluate the quality of the generated image, and judge,
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for the generated image or for different parts of the gen-
erated image, whether there is sufficient visual informa-
tion for a reliable skin color measurement. If the quality
of parts of the generated image is not good enough for
a reliable measurement, these parts of the generated
images will be identified and will not be used for skin color
determination.

[0042] The system 100 further comprises a determin-
ing unit 105. The determining unit 105 is configured to
determine skin color on the basis of the visual information
derived by the deriving unit 104. For example, the deter-
mining unit 105 can identify, from the image output by
the deriving unit 104, which part contains skin and deter-
mine the skin color.

[0043] The system 100 further comprises a first con-
trolling unit. The first controlling unit is configured to focus
the light from the light source 101 on a predefined part
of the user. For example, the first controlling unit can
comprise a lighting controller, a light adjuster or the like.
Preferably, the first controlling unit can control the direc-
tion and/or beam size of the light from the light source
101 on the basis of the motion-related information ob-
tained by the obtaining unit 103, such as the user’s po-
sition or the position of a predefined part of the user. In
this way, the light can be focused on the predefined part
of the user, even if its position changes due to the user’s
motions. Additionally, the light intensity can be also con-
trolled in accordance with the predefined part to be illu-
minated. Preferably, the predefined part of the user com-
prises a part of the user’s skin that is relevant and rep-
resentative for performing a skin color monitoring proc-
ess.

[0044] In this way, the percentage of the light emitted
from the light source that enters the visual space of the
user can be decreased. In comparison with the case
where diffusing light is used, if the light is focused on the
desired part of the user, it is possible to use stronger light
while still maintaining the same level of comfort for the
user. Accordingly, the image acquisition time can be re-
duced, and, in turn, distortion due to the user’s motion
during the predetermined time can be reduced as well.
[0045] Additionally, the first controlling unit can be fur-
ther configured to be switchable between a mode of fo-
cusing the light from the light source on the desired part
of the user and a mode of diffusing the light over the user.
[0046] The system 100 further comprises a detecting
unit for detecting the status of the user, and a second
controlling unit for controlling an illumination intensity of
the light source 101 according to the detected status of
the user. The status of the user can be one of the follow-
ing, but is not limited thereto: the status of the user’s
eyes, and one or more discomfort signs. The status of
the user’s eyes refers to whether the eyes are open or
closed. The discomfort signs comprise any sign indicat-
ing the discomfort of the user. The discomfort signs can
be associated with eye blinking, eye movements or other
parameters such as the amount of the user’s motion and
the type of motion. As an example of the functionality of
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this second controlling unit, when the user’s eyes are
open, the second controlling unit reduces the illumination
intensity of the light source 101. Alternatively, the light
source 101 shuts down when the user’s eyes are open.
To the contrary, when the user’s eyes are closed, the
illumination intensity of the light source 101 is increased
and image acquisition time can be reduced while still ob-
taining sufficient visual information for skin color deter-
mination. In another example, when discomfort signs are
detected, the illumination intensity of the light source 101
is reduced to a level at which the discomfort signs dis-
appear or fall within a predefined range.

[0047] The detecting unit can detect the status of the
user in many ways. In an embodiment, infra-red imaging
is used to detect the status of the eyes of the neonate,
i.e. whether the eyes are open or closed. Infra-red imag-
ing can be also used to detect the user’'s motion. When
the obtaining unit 103 comprises a motion detector such
as an infra-red camera, the detecting unit can comprise
the same motion detector or in fact use the output infor-
mation of said detector. Additionally or alternatively, the
user is further monitored by an electrophysiological mon-
itor 106, as shown in Fig.1. In this case, the status of the
user can be detected according to Electroencephalo-
gram (EEG) signals or Electrooculargram (EOG) signals.
For example, an increase of alpha waves is known to be
observed when the eyes are closed. Moreover, EOG sig-
nals are known to give an indication of eye movements.
[0048] The illumination intensity of the light source can
be controlled using different techniques, such as in me-
chanical way or an optoelectronic way. In an embodi-
ment, the light intensity of the light source is directly con-
trolled to control the illumination intensity. For example,
the second controlling unit can comprise a lighting con-
troller, a light adjuster or the like. Referring to Fig.1, in
another embodiment, the second controlling unit com-
prises a controllable unit 107 such as an adjustable shut-
ter, a focusing element or a combination thereof. The
controllable unit 107 is positioned in front of the light
source and the illumination over the user is controlled by
controlling the light passing through the controllable unit
107.

[0049] Fig.2 shows a flowchart of a method in accord-
ance with an embodiment of the invention.

[0050] According to an embodiment of the present in-
vention, a description is given of a method of monitoring
the color of a user’s skin which is illuminated by a light
source.

[0051] Referring to Fig.2, the method comprises step
201 of capturing at least one image of the user over a
predetermined time period.

[0052] The method further comprises step 202 of ob-
taining motion-related information of the user over the
predetermined time period. For example, said step 202
comprises a sub-step of obtaining the motion-related in-
formation by detecting the user’s motion. Additionally or
alternatively, the step 202 comprises a sub-step of ob-
taining the motion-related information by means ofimage
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processing.

[0053] The method further comprises step 203 of de-
riving visual information from the at least one image on
the basis of the motion-related information. For example,
said step 203 comprises the following sub-steps: select-
ing areas from a plurality of areas of the at least one
image on the basis of the motion-related information ob-
tained in step 202, and deriving the visual information
from the selected areas. Additionally, when the at least
one image comprises more than one image, the step
S203 comprises a sub-step of deriving the visual infor-
mation by accumulating the visual information across the
more than one images.

[0054] The method further comprises step 204 of de-
termining skin color on the basis of the visual information
derived in step 203.

[0055] Moreover, steps 201 to 204 can be repeated to
measure or monitor the skin color of the user at different
times. For example, steps 201 to 204 can be repeated
periodically, and the period can be set according to the
skin color monitoring requirements of the user. For ex-
ample, the period can be set to be short when the user
requires intensive monitoring due to the user’s unstable
condition.

[0056] Additionally, the method can further comprise
a step of controlling the direction and/or beam size of the
light source to focus the light from the light source on a
predefined part of the user. Furthermore, the method can
comprise a step of controlling the illumination intensity
of the light source according to a status of the user
[0057] Fig.3 shows a schematic diagram of an exem-
plary application scenario of a system in accordance with
another embodiment of the invention.

[0058] Referring to Fig.3, the system 300 comprises a
light source 301, a capturing unit 302, a deriving unit 304
and a determining unit 305. The light source 301 can be
one or more LEDs; for the capturing unit 302 use can be
made of photodiodes or other kind of sensors detecting
the color of reflected light. The light source 301 is con-
figured to direct the illumination to a measuring point; the
capturing unit 302 is configured to capture the at least
one image of the measuring point; the deriving unit 304
is configured to derive visual information about the user’s
skin at the measuring point from the captured at least
one image; and the determining unit 305 is configured to
determine the skin color of the user at the measuring
point according to the derived visual information.
[0059] For example, the light source 301 and the cap-
turing unit 302 are positioned at the measuring point. In
another example, the light source 301 and the capturing
unit 302 are light guides such as optical fibers. The light
guides guide the light of an external light source to the
measuring pointand guide the reflected light at the meas-
uring point to an external light detector.

[0060] In this way, the illumination can be highly local-
ized and, therefore, a high illumination level on the user’s
skin can be achieved without causing any disturbance to
the user.
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[0061] Inan embodiment, the light source 301 and the
capturing unit 302 are integrated into at least one of the
following: mattress 20 intended to be placed under the
user, clothing of the user, and any other objects intended
to be placed in the proximity of the user.

[0062] Further, the system 100 can comprise an array
of pairs of such light sources 301 and capturing units
302. Each pair of the light sources 301 and capturing
units 302 can be used to monitor the skin color at various
measuring points.

[0063] Preferably, the system 100 comprises a third
controlling unit for controlling the light sources 301 at the
various measuring points so as to eliminate or reduce
the risk of shining glaring light into the eyes of the user.
For example, the third controlling unit identifies the light
sources positioned near the head of the user on the basis
of position information about the user, and shuts down
the identified light sources. In this case, the system can
further comprise an additional unit which is identical or
similar to the obtaining unit 103 in Fig.1 to obtain the
position information about the user, such as the position
of the user with respect to the light sources 301.

[0064] In another embodiment, the light source 301
and the capturing unit 302 are attachable to the user.
[0065] In this way, skin monitoring can be performed
at standardized positions with a more reproducible opti-
cal interface and the user’s motion has little to no impact,
leading to highly reliable and reproducible measure-
ments.

[0066] For example, the light source 301 and the cap-
turing unit 302 can be directly attached to the user’'s body
via a holding fixture such as a band.

[0067] In another example, the light source 301 and
the capturing unit 302 can be integrated into a wearable
device. The integration into an existing type of devices
such as a SPO2 sensing device is particularly attractive.
A neonate inside a NICU is normally monitored with the
SPO2 sensing device. Thus, the skin color of the neonate
can be monitored without attaching any additional device
or sensor to the neonate

[0068] A setofcomputer-executable instructions is fur-
ther proposed to perform the methods described above.
The instructions can reside in the obtaining unit, the de-
riving unit, the determining unit, the first controlling unit,
the second controlling unit and/or the third controlling
unit, to perform any step of the above disclosed methods.
[0069] Although the presentinvention will be described
with reference to the embodiment shown in the drawings,
it should be understood that the present invention may
be embodied in many alternate forms including any com-
bination of hardware and software. In addition, any suit-
able size, shape or type of materials, elements, computer
program elements, computer program codes, or compu-
ter program modules could be used.

[0070] While discussed inthe context of computer pro-
gram code, it should be understood that the modules may
be implemented in hardware circuitry, computer program
code, or any combination of hardware circuitry and com-
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puter program code.

[0071] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention and
that those skilled in the art will be able to design alterna-
tive embodiments without departing from the scope of
the appended claims. In the claims, any reference signs
placed between parentheses shall not be construed as
limiting the claim. The word "comprising" does not ex-
clude the presence of elements or steps not listed in a
claimorin the description. The word "a" or "an" preceding
an element does not exclude the presence of a plurality
of such elements. In the system claims enumerating sev-
eral units, several of these units can be embodied by one
and the same item of hardware or software. The use of
the words first, second and third, et cetera, does not in-
dicate any ordering. These words are to be interpreted
as names.

Claims

1. Asystem (100) for monitoring the skin color of a user
(10) illuminated by a light source (101), the system
comprising:

a first controlling unit for controlling the direction
and/or beam size of the light source (101) to
focus the light from the light source (101) on a
predefined part of the user;

a capturing unit (102) for capturing at least one
image of the user over a predetermined time pe-
riod;

an obtaining unit (103) for obtaining motion-re-
lated information of the user over the predeter-
mined time period; and

characterised in that the system comprises:

aderiving unitfor deriving visual information
from the at least one image on the basis of
the motion-related information; and

a determining unit for determining the skin
color on the basis of the visual information.

2. Asystemasclaimedinclaim 1, whereinthe obtaining
unit (103) comprises:
a motion detector for obtaining the motion-related
information by detecting the motion of the user.

3. Asystemasclaimedinclaim 1, whereinthe obtaining
unit (103) comprises:
a processor for obtaining the motion-related infor-
mation by means of image processing.

4. A system as claimed in any one of claims 1 to 3,
wherein:
the deriving unit is adapted for selecting areas from
a plurality of areas of the at least one image on the
basis of the motion-related information and deriving
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the visual information from the selected areas.

A system as claimed in any one of claims 1 to 3,
wherein:

the atleast one image comprises more than one
image; and

the deriving unitis adapted for deriving the visual
information by accumulating the visual informa-
tion across the more than one image.

A system as claimed in clam 1, further comprising:

a detecting unit for detecting the status of the
user; and

a second controlling unit for controlling the illu-
mination intensity of the light source (101) ac-
cording to the detected status of the user.

A system (300) as claimed in claim 1, wherein:

the system further comprises the light source
(301); and

the light source (301) and the capturing unit
(302) are integrated into at least one of the fol-
lowing:

- mattress (20) intended to be placed under
the user; and
- clothing of the user.

A system as claimed in claim 1, wherein:

the system further comprises the light source
(301); and

the light source (301) and the capturing unit
(302) are attachable to the user.

A method of monitoring skin color of a user (10) illu-
minated by a light source (101), the method com-
prising the steps of:

controlling the direction and/or beam size of the
light source (101) to focus the light from the light
source (101) on a predefined part of the user;
capturing (S201) at least one image of the user
over a predetermined time period;

obtaining (S202) motion-related information of
the user over the predetermined time period;
and

characterised by:

deriving (S203) visual information from the
at least one image on the basis of the mo-
tion-related information; and
determining (S204) the skin color on the ba-
sis of the visual information.

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

A method as claimed in claim 9, wherein the obtain-
ing step (S202) comprises a sub-step of:

obtaining the motion-related information by detect-
ing the motion of the user.

A method as claimed in claim 9, wherein the obtain-
ing step (S202) comprises a sub-step of:

obtaining the motion-related information by means
of image processing.

A method as claimed in any one of claims 9 to 11,
wherein the deriving step (S203) comprises the sub-
steps of:

selecting areas from a plurality of areas of the
at least one image on the basis of the motion-
related information; and

deriving the visual information from the selected
areas.

A method as claimed in any one of claims 9 to 11,
wherein:

the atleast one image comprises more than one
images; and
the deriving step (S203) comprises a sub-step
of deriving the visual information by accumulat-
ing the visual information across the more than
one images.

A set of computer-executable instructions, config-
ured to perform any one of the claims 9 to 13.

Patentanspriiche

1.

System (100) zur Beobachtung der Hautfarbe eines
Benutzers (10), der durch eine Lichtquelle (101) be-
leuchtet wird, wobei das System Folgendes umfasst:

eine erste Steuereinheit zum Steuern der Rich-
tung und/oder StrahlenbiindelgroRe der Licht-
quelle (101), um das Licht von der Lichtquelle
(101) auf einen vordefinierten Teil des Benut-
zers zu fokussieren;

eine Aufnahmeeinheit (102) zum Aufnehmen
von mindestens einem Bild des Benutzers Uber
eine vorbestimmte Zeitdauer;

eine Erlangungseinheit (103) zum Erlangen be-
wegungsbezogener Informationen des Benut-
zers Uber die vorbestimmte Zeitdauer; und
dadurch gekennzeichnet, dass das System
Folgendes umfasst:

eine Ableitungseinheit zum Ableiten visuel-
ler Informationen von dem mindestens ei-
nen Bild auf der Basis der bewegungsbe-
zogenen Informationen; und
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eine Bestimmungseinheit zum Bestimmen
der Hautfarbe auf der Basis der visuellen
Informationen.

System nach Anspruch 1, wobei die Erlangungsein-
heit (103) Folgendes umfasst:
einen Bewegungsdetektor zum Erlangen der bewe-
gungsrelevanten Informationen durch Detektieren
der Bewegung des Benutzers.

System nach Anspruch 1, wobei die Erlangungsein-
heit (103) Folgendes umfasst:

einen Prozessor zum Erlangen der bewegungsrele-
vanten Informationen mittels Bildverarbeitung.

System nach einem der Anspriiche 1 bis 3, wobei:
die Ableitungseinheit dafiir ausgelegt ist, Bereiche
aus einer Vielzahl von Bereichen des mindestens
einen Bilds auf der Basis der bewegungsrelevanten
Informationen auszuwahlen und die visuellen Infor-
mationen von den ausgewahlten Bereichen abzulei-
ten.

System nach einem der Anspriiche 1 bis 3, wobei
das mindestens eine Bild mehr als ein Bild umfasst;
und

die Ableitungseinheit dafiir ausgelegt ist, die visuel-
len Informationen durch Kumulieren der visuellen In-
formationen Uber das mehr als eine Bild abzuleiten.

System nach Anspruch 1, ferner umfassend:

eine Detektionseinheit zum Detektieren des Zu-
stands des Benutzers; und

eine zweite Steuereinheit zum Steuern der Be-
leuchtungsintensitat der Lichtquelle (101) ent-
sprechend dem detektierten Zustand des Be-
nutzers.

System (300) nach Anspruch 1, wobei

das System ferner die Lichtquelle (301) umfasst; und
die Lichtquelle (301) und die Aufnahmeeinheit (302)
in mindestens eines von Folgendem integriert sind:

- Matratze (20), die daflr vorgesehen ist, unter
dem Benutzer platziert zu werden; und
- Kleidung des Benutzers.

System nach Anspruch 1, wobei:

das System ferner die Lichtquelle (301) umfasst;
und
die Lichtquelle (301) und die Aufnahmeeinheit
(302) an dem Benutzer angebracht werden kén-
nen.

Verfahren zur Beobachtung der Hautfarbe eines Be-
nutzers (10), der durch eine Lichtquelle (101) be-
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10.

1.

12.

13.

14.

leuchtet wird, wobei das Verfahren die folgenden
Schritte umfasst:

Steuern der Richtung und/oder Strahlenblndel-
gréBe der Lichtquelle (101), um das Licht von
der Lichtquelle (101) auf einen vordefinierten
Teil des Benutzers zu fokussieren;
Aufnehmen (S201) von mindestens einem Bild
des Benutzers Uiber eine vorbestimmte Zeitdau-
er;

Erlangen (S202) bewegungsbezogener Infor-
mationen des Benutzers Uber die vorbestimmte
Zeitdauer; und

gekennzeichnet durch:

Ableiten (S203) visueller Informationen von
dem mindestens einen Bild auf der Basis
der bewegungsbezogenen Informationen;
und

Bestimmen (S204) der Hautfarbe auf der
Basis der visuellen Informationen.

Verfahren nach Anspruch 9, wobei der Schritt des
Erlangens (S202) den folgenden Teilschritt umfasst:
Erlangen der bewegungsrelevanten Informationen
durch Detektieren der Bewegung des Benutzers.

Verfahren nach Anspruch 9, wobei der Schritt des
Erlangens (S202) den folgenden Teilschritt umfasst:
Erlangen der bewegungsrelevanten Informationen
mittels Bildverarbeitung.

Verfahren nach einem der Anspriiche 9 bis 11, wobei
der Schritt des Ableitens (S203) die folgenden Teil-
schritte umfasst:

Auswahlen von Bereichen aus einer Vielzahl
von Bereichen des mindestens einen Bilds auf
der Basis der bewegungsrelevanten Informati-
onen; und

Ableiten der visuellen Informationen von den
ausgewahlten Bereichen.

Verfahren nach einem der Anspriiche 9 bis 11, wobei
das mindestens eine Bild mehr als ein Bild umfasst;
und

der Schritt des Ableitens (S203) einen Teilschritt des
Ableitens der visuellen Informationen durch Kumu-
lieren der visuellen Informationen Gber das mehr als
eine Bild umfasst.

Satz von computerausfiihrbaren Anweisungen, der
konfiguriert ist, um einen der Anspriiche 9 bis 13
durchzufiihren.
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Revendications

Systeme (100) pour surveiller la couleur de la peau
d’'un utilisateur (10) éclairé par une source de lumiére
(101), le systéme comprenant :

une premiére unité de commande pour com-
mander la direction et/ou la taille de faisceau de
la source de lumiére (101) pour focaliser la lu-
miére émanant de la source de lumiére (101)
sur une partie prédéfinie de I'utilisateur ;

une unité de capture (102) pour capturer au
moins une image de l'utilisateur sur une durée
prédéterminée ;

une unité d’obtention (103) pour obtenir des in-
formations relatives au mouvement de I'utilisa-
teur sur la durée prédéterminée ; et
caractérisé en ce que le systéeme comprend :

une unité de déduction pour déduire des in-
formations visuelles d’aprés I'au moins une
image surlabase desinformations relatives
au mouvement ; et

une unité de détermination pour déterminer
la couleur de la peau sur la base des infor-
mations visuelles.

Systeme selon la revendication 1, dans lequel I'unité
d’obtention (103) comprend :

un détecteur de mouvement pour obtenir les infor-
mations relatives au mouvement en détectant le
mouvement de I'utilisateur.

Systeme selon la revendication 1, dans lequel I'unité
d’obtention (103) comprend :

un processeur pour obtenir les informations relatives
au mouvement par traitement d’image.

Systeme selon I'une quelconque des revendications
1 a 3, dans lequel :

I'unité de déduction est apte a sélectionner des zo-
nes parmi une pluralité de zones de I'au moins une
image surla base des informations relatives au mou-
vement et a déduire les informations visuelles
d’aprés les zones sélectionnées.

Systeme selon I'une quelconque des revendications
1 a 3, dans lequel :

'au moins une image comprend des images
multiples ; et

'unité de déduction est apte a déduire les infor-
mations visuelles en cumulant les informations
visuelles sur les images multiples.

Systeme selon la revendication 1, comprenant en
outre :
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10

7.

une unité de détection pour détecter I'état d’un
utilisateur ; et

une seconde unité de commande pour com-
mander l'intensité d’éclairage de la source de
lumiere (101) en fonction de I'état détecté de
I'utilisateur.

Systéme (300) selon larevendication 1, dans lequel :

le systéme comprend en outre la source de lu-
miére (301) ; et
la source de lumiére (301) et I'unité de capture
(302) sont intégrées dans au moins un des élé-
ments suivants :

- un matelas (20) destiné a étre placé sous
I'utilisateur ; et
- un vétement de l'utilisateur.

Systéme selon la revendication 1, dans lequel :

le systéme comprend en outre la source de lu-
miére (301) ; et

la source de lumiére (301) et I'unité de capture
(302) peuvent étre fixées a I'utilisateur.

Procédé de surveillance de la couleur de la peau
d’un utilisateur (10) éclairé parune source de lumiére
(101), le procédé comprenant les étapes suivantes :

commande de la direction et/ou de la taille de
faisceau de la source de lumiere (101) pour fo-
caliser la lumiére émanant de la source de lu-
miére (101) sur une partie prédéfinie de
I'utilisateur ;

capture (S201) d’au moins une image de I'utili-
sateur sur une durée prédéterminée ;
obtention (S202) d’informations relatives au
mouvement de [lutilisateur sur la durée
prédéterminée ; et

caractérisé par :

la déduction (S203) d’'informations visuelles
d’aprés I'au moins une image sur la base
des informations relatives au mouvement ;
et

la détermination (S204) de la couleur de la
peau surlabase des informations visuelles.

10. Procédé selonlarevendication 9, dans lequel I'étape

1.

d’obtention (S202) comprend une sous-étape con-
sistant en :

I'obtention d’informations relatives au mouvement
par détection du mouvement de I'utilisateur.

Procédé selon larevendication 9, dans lequel I'étape
d’obtention (S202) comprend une sous-étape con-
sistant en :
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'obtention d’informations relatives au mouvement
par traitement d'image.

12. Procédé selon I'une quelconque des revendications
9a 11, danslequel I'étape de déduction (S203) com- 5
prend les sous-étapes suivantes :

sélection de zones parmi une pluralité de zones

de I'au moins une image sur la base des infor-
mations relatives au mouvement ; et 10
déduction des informations visuelles d’apres les
zones sélectionnées.

13. Procédé selon I'une quelconque des revendications
9 a 11, dans lequel : 15

'au moins une image comprend des images
multiples ; et
I'étape de déduction (S203) comprend une
sous-étape de déduction des informations vi- 20
suelles par cumul des informations visuelles sur
les images multiples.

14. Ensemble d’instructions exécutables par ordinateur,

configuré pour effectuer 'une quelconque des re- 25
vendications 9 a 13.
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