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(57) ABSTRACT

The present invention relates to a device (10) for obtaining
and processing measurement readings including at least a
component representative of a physical phenomenon in a
living being (16), comprising a sensor (12) for obtaining
measurement readings from at least one body part of a living
being (16) from a distance having at least a component rep-
resentative of the physical phenomenon in the living being
(16), an identification unit (26) for identifying the at least one
body part of the living being (16); an extraction unit (38) for
extracting at least one first signal from the measurement
readings representing at least one component representative
of the physical phenomenon, an evaluation unit (30) for
obtaining adjustment information according to the at least
one identified body part, and an adjustment unit (34) for
adjusting the at least one first signal according to the adjust-
ment information and for generating at least one output signal
representing the physical phenomenon of the living being
(16).
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DEVICE AND METHOD FOR OBTAINING
AND PROCESSING MEASUREMENT
READINGS OF A LIVING BEING

FIELD OF THE INVENTION

[0001] The present invention relates to a device and a
method for obtaining and processing measurement readings
including at least a component representative of a physical
phenomenon in a living being. The invention also relates to a
computer program for implementing said method.

BACKGROUND OF THE INVENTION

[0002] Traditional sensors for measuring a physical phe-
nomenon, like a blood oxygenation, are usually designed for
direct use on a single body-part. For example the sensors are
designed as finger-clips, ear-clips, forehead-sensors, toe-
clips or ankle-sensors comprising infrared light sources and
infrared detectors. These sensors are shaped such that they fit
perfectly on the according body-part. Each body part has
different light reflection and/or light transmission charactet-
istics due to the inner structure of the skin, for example the
skin is thicker on feet than on face leading to higher amplitude
of measurements of the physical phenomenon on the face
then on the feet. To overcome these differences, predeter-
mined calibration curves are used, wherein the calibration
curves are adapted for the body-part on which the measure-
ment is taken. The correct calibration curve can be selected
easily for the sensors described above, since the sensors are
clearly dedicated to a specified body part. After selecting the
correct calibration curve, the measured values are calculated
from a raw signal obtained by the traditional sensor using the
selected calibration curve.

[0003] In camera-based vital signs monitoring physical
phenomena can be measured unobtrusively from a distance.
A problem is that in camera-based vital signs monitoring it
cannot be concluded from different sensor designs which
body part is actually measured. Hence, specific calibration
curves cannot be selected directly. However, a body part
independent adjustment does not yield the accuracy required
by healthcare professionals.

SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide a
method, a device and a computer program of the types men-
tioned above enabling measuring a physical phenomenon ofa
living being from a distance and outputting an accurate output
signal representing the physical phenomenon of the living
being.

[0005] In a first aspect of the present invention a device is
presented for obtaining and processing measurement read-
ings including at least a component representative of a physi-
cal phenomenon in a living being, including a sensor for
obtaining measurement readings from at least one body part
of a living being from a distance having at least a component
representative of the physical phenomenon in the living
being, an identification unit for identifying the at least one
body part of the living being, an extraction unit for extracting
at least one first signal from the measurement readings rep-
resenting at least one component representative of the physi-
cal phenomenon, an evaluation unit for obtaining adjustment
information according to the at least one identified body part,
and an adjustment unit for adjusting the at least one first signal
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according to the adjustment information and for generating at
least one output signal representing the physical phenomenon
of the living being.

[0006] Ina furtheraspect ofthe present invention a method
is presented for obtaining and processing measurement read-
ings including at least a component representative of a physi-
cal phenomenon in a living being, including the steps of
obtaining measurement readings from at least one body part
of a living being from a distance having at least a component
representative of the physical phenomenon in the living
being, identifying the at least one body part of the living
being, extracting at least one first signal from the measure-
ment readings representing at least one component represen-
tative of the physical phenomenon, obtaining adjustment
information according to the at least one identified body part,
adjusting the at least one first signal according to the adjust-
ment information, and generating at least one output signal
representing the physical phenomenon of the living being.
[0007] Ina further aspect of the present invention a proces-
sor is presented for processing measurement readings includ-
ing at least a component representative of a physical phenom-
enon 1n a living being, including an interface for receiving
measurement readings from at least one body part of a living
being obtained from a distance and having at least a compo-
nent representative of the physical phenomenon in the living
being, an identification unit for identifying the at least one
body part of the living being, an extraction unit for extracting
at least one first signal from the measurement readings rep-
resenting at least one component representative of the physi-
cal phenomenon, an evaluation unit for obtaining adjustment
information according to the at least one identified body part
and an adjustment unit for adjusting the at least one first signal
according to the adjustment information and for generating at
least one output signal representing the physical phenomenon
of the living being.

[0008] Inafurtheraspect ofthe present invention a method
1s presented for processing measurement readings including
at least acomponent representative of a physical phenomenon
in a living being, including the steps of receiving measure-
ment readings from at least one body part of a living being
obtained from a distance and having at least a component
representative of the physical phenomenon in the living
being, identifying the at least one body part of the living
being, extracting at least one first signal from the measure-
ment readings representing at least one component represen-
tative of the physical phenomenon, obtaining adjustment
information according to the at least one identified body part,
adjusting the at least one first signal according to the adjust-
ment information, and generating at least one output signal
representing the physical phenomenon of the living being.
[0009] In a further aspect of the present invention a com-
puter program is presented comprising program code means
for causing a computer to carry out the steps of the method
described above when said computer program is carried out
on the computer.

[0010] The invention is based on the idea to identify body
parts from the measurement readings obtained by the sensor
from a distance. Based on the identified body parts adapted
adjustment information can be selected and applied to corre-
sponding signals to provide an accurate output signal.
[0011] The sensor is obtaining the measurement readings
from a distance to the living being. The sensor can be for
example an image sensor. Generally, any kind of sensor can
be used that provides measurement readings, in particular
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image data, from which the at least one first signal can be
extracted. Further, a plurality of sensors may be used for
obtaining measurement readings. For instance, different
units, e.g. the identification unit and the extraction unit, may
receive measurement readings from different sensors. Differ-
ent sensors can also differ in their position and/or their speci-
fications. For instance, they can be used for obtaining mea-
surement readings from different angles and/or with different
wavelength of light. In this way, more information is provided
for examining the living being so that the accuracy of the
examination can be improved. Thus, the measurement read-
ings can be obtained very easily and without discomfort for
the living being. Under the term living being preferably a
human being, e.g. a patient, is understood. Alternatively, the
invention can be used with other living beings like animals.
Further, since the sensor is generally not attached to the body
of the living being there is no need for a body-part specific
shape of the sensor. Therefore, it is not directly known from
the type of the sensor what part of the body is actually mea-
sured. More important, by obtaining the measurement read-
ings from a distance the measurement readings can be
obtained from a plurality of body parts simultaneously, lead-
ing to a plurality of component representatives of the physical
phenomenon included in the measurement readings. Pre-
ferred body parts are face, arms, legs, hands, feet, palm,
fingers and/or toes.

[0012] The identification unit identifies the at least one
body part of which the measurement readings are taken. It can
generate at least one identification data label defining the
identified body part for further use.

[0013] This can, for instance, be achieved by using object
detection techniques for image giving sensors to detect and
select one or more body parts based on the measurement
readings. A suitable body part detector for image giving sen-
sors is described in “Robust Real-time Object Detection”,
Viola, Paul; Jones, Michael; Vancouver, Canada, 2001. A
visual object detection framework is described that is capable
of processing images rapidly while achieving high detection
rates. This is based on an image representation called an
“Integral Image” allowing a quick computing. Further, a
learning algorithm is used which selects a small number of
critical visual features and yields efficient classifiers. Finally,
the classifiers are combined in a “cascade” which allows
background regions of the image to be discarded. This algo-
rithm is in particular suitable for detecting a face of a human
as the part of the body.

[0014] In an embodiment the body part identification can
be implemented based on heuristics. Thereby image process-
ing techniques can be used, like edge detection and color
segmentation.

[0015] Ina further embodiment the body part identification
is based on three-dimensional information of the body. The
three-dimensional information can be obtained separately,
for example by a 3D-camera or by a stereo vision system.
Alternatively, the sensor canbe designed as a 3D-camera or as
a stereo vision system.

[0016] In a still further embodiment a set of pre-trained
body part detectors is used for identifying the body parts.
Fach detector is trained for identifying a specific body part,
e.g. face, hand, arm or foot. When the measurement readings
are examiined by the body part detectors the label is created by
the object detector giving the highest response. When images
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are obtained as measurement readings the body part detectors
can examine the image in sections and assign labels to each
section individually.

[0017] In a still further embodiment, the body part detec-
tion is applied using a manual initialization by a user and an
online learning body part detection approach. Such an
approach is described in “Online learning of robust object
detectors during unstable tracking”, Kalal et al, Kyoto, Japan,
2009. Online learning body part detection has the advantage
of being able to provide detections that are tailored to the
current environment, e.g. lighting conditions, and the body
part being measured, e.g. body-part deformations.

[0018] To further improve identifying body parts, context
information can also be taken into account by the identifica-
tion unit. For example, body models can be used as context
information. Based on the context model false identifications
can be removed, e.g. a foot can never be attached to a head.
[0019] Theproposedextraction unitextracts the at least one
first signal from the measurement readings. The at least one
first signal is a representative for the physical phenomenon to
be measured. It is preferably related to one measurement
point at one body part of the living being. Extracting the at
least one first signal from the measurement readings is pref-
erably done based on information given by the body parts
identified as described above. For example, the extracting can
be achieved by at least one of the methods described in
“Noncontact simultaneous dual wavelength photoplethys-
mography: A further step toward noncontact pulse oximetry”,
Humphreys et al, Review of scientific instruments 78, 2007,
or “Pulse Oxigraphy—And other new in-depth perspectives
through the near infrared window”, Wieringa, 2007. As a
result, a single first signal or a plurality of first signals is
extracted.

[0020] Further, the evaluation unit is obtaining adjustment
information based on the body parts identified by the identi-
fication unit. The adjustment information is preferably pre-
determined information. It can be stored in data storage
means of the device. In this case the evaluation unit is reading
the adjustment information from this data storage means
according to the labels defined by the identified body parts.
[0021] Theadjustment unit is adjusting the at least one first
signal based on the adjustment information received from the
evaluation unit. If only one first signal is extracted or only one
first signal is used, the output signal is directly generated by
adjusting the first signal. If a plurality of first signals is iden-
tified, those first signals are adjusted separately using accord-
ing adjustment information.

[0022] Ttis preferred to implement the identification unit,
the extracting unit, the evaluation unit and the adjustment unit
as one or more microprocessor(s), e.g. as a personal computer
or workstation.

[0023] The invention therefore provides a device and a
method which allows generating a highly accurate output
signal representing the physical phenomenon of the living
being.

[0024] 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.

[0025] Inanembodiment of the invention the physical phe-
nomenon is blood oxygenation, pulse, blood pressure, heart
rate variability, respiratory rate, depth of anesthesia and/or
hypo- and hypervolemia, i.e. the device and method accord-
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ing to the present invention are generally able to derive cor-
responding vital signs (also called biometrical signals). In this
embodiment at least one specific physical phenomenon is
measured. Depending on the physical phenomenon to be
measured different extraction techniques have to be provided.
As for example pulse, heart rate variability and respiratory
rate are periodical phenomena. These phenomena can be
extracted by extraction techniques for periodic changes in the
measurement readings. The phenomena blood oxygenation
and blood pressure are not necessarily of a periodic kind.
Hence, a more static extraction technique is needed. It is
advantageous that the invention provides a single way for
correcting first signals for these different kinds of measured
physical phenomena based on the same concept. It is further
advantageous, that multiple phenomena can be measured
with the same device by replacing the extraction technique
and/or providing multiple extraction techniques in a parallel
manner. This is leading to a very economical device and
method.

[0026] In a further embodiment the sensor is a video cam-
era. In this embodiment a video camera, is used for obtaining
the measurement readings. Hence, the measurement readings
are a sequence of images. The video camera can be a digital
video camera of a traditional kind. It is possible to obtain
measurement readings from the entire visible spectrum of
light. Alternatively, the video camera can be adapted to a
narrower band of wavelengths or to specific wavelengths that
are relevant for the physical phenomenon to be measured, as
for example an infrared camera or an RGB camera. As for
example, if blood oxygenation should be measured a combi-
nation of the green, red and infrared wavelength band is of
main interest.

[0027] A further alternative for an adapted video camera is
a terahertz camera. The terahertz camera is adapted to an
electromagnetic spectrum which is located between micro-
waves and near-infrared regions of the electromagnetic spec-
trum. This specific camera has the advantage of measuring
through different types of material, as for example clothes.
Further, it is measuring more deeply through skin and is less
sensitive to motions of the examined living being. Therefore,
the terahertz camera provides a very robust way for obtaining
high quality measurement readings. In addition, depending
on the application, an additional light source including the
wavelengths used for the desired measurement can be used to
improve the measurement readings. It is an advantage that
such video cameras are highly available and very cost effec-
tive. A further advantage is that the measurement readings
obtained by the video camera contain a plurality of informa-
tion which can be analyzed over time as to identify the body
parts correctly and to adapt to changes in a determined scene,
e.g. to light conditions.

[0028] Ina further embodiment the adjustment information
is at least one calibration curve. In this embodiment each first
signal is adjusted based on an according predetermined cali-
brations curve. The calibration curve is assigned to the iden-
tified body part and stored in the data storage means. After a
body part has been identified the label describing the accord-
ing body part is received by the evaluation unit. The evalua-
tion unit can then read out the according calibration curve
from data storage means comprising a dataset of predeter-
mined calibration curves. It is an advantage that calibration
curves are providing different adjustment values related to
different values of the first signal. This is leading to a more
exact adjustment of the at least one first signal. Further, it can
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be intended to adapt the calibration curve according to the
living being examined. For example, the calibration curve can
be adapted manually by comparing the output signal with a
measurement of the physical phenomenon from another mea-
surement device. Therefore, a very exact adjusted at least one
first signal can be generated. Further, the usage of a predeter-
mined calibration curve advantageously provides the possi-
bility of establishing real-time calibration, since they are
available and applicable very fast.

[0029] In a further embodiment the extracting unit is
adapted for extracting the at least one first signal from the
measurement readings according to the at least one identified
body part. In this embodiment the at least first signal is
extracted based on the information obtained by the identifi-
cation unit. The information of the identified body part can be
used to accurately extract the at least one first signal. For
example, ifan arm has been identified in an image obtained by
the sensor, the signal can be extracted only from the region of
the image, where the arm is assumed. Further, the information
of the region can be used in following images obtained by the
sensor. This applies for a plurality of identified body parts.
Therefore, the rest of the image not representing any body
parts can be discarded preventing the first signal respectively
the first signals from artifacts. An advantage is that the at least
one first signal can be extracted very accurately. Further, this
embodiment improves robustness of the extraction.

[0030] In a further embodiment the identification unit is
adapted for estimating motions of the at least one identified
body part and the extraction unit is adapted for extracting the
at least one first signal in accordance with the estimated
motions. In this embodiment motions of the living being are
taken into account for identifying body parts and extracting
the at least one first signal. Motions of the living being to be
examined can lead to unclear measurement readings. After
identifying the body part, its movements can be tracked to
adapt the extraction. Therefore, a qualitatively better at least
one first signal is obtained, wherein artifacts are reduced.
Further, it is thinkable to track the whole movement of the
living being for an overall motion robust implementation of
the method. For example, general motion compensation can
be implemented. Alternatively or additionally, it could be
estimated based on a body model if a previously identified
body part will be moved out of a sensor area by the estimated
motions and/or if another body part is moved into the sensor
area by the estimated motions.

[0031] Further, the identification unit can be adapted for
identifying a posture of the at least one identified body part.
The posture of the body parts may affect the measurement
readings. By identifving the posture, additional information
canbe taken into account by the extraction unit, the evaluation
unit and/or the adjustment unit. The additional information
can for example relate to lighting conditions at the body part
affected by its posture or to overlapping body parts, wherein
regions of one body part is covered by another body part. The
posture can be described for example by a three-dimensional
model] of at least one body part of the living being.

[0032] In a further embodiment an analyzing unit is pro-
vided for comparing at least two first signals representing
component representatives of the physical phenomenon from
different body parts of the living being. In this embodiment
the possibility of measuring multiple body parts at the same
time is additionally used. It is physically normal to obtain
different measurement readings from different body parts of
one living being. However, after adjusting the first signals of
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different body parts, the first signals should correspond
approximately to each other. By comparing the first signals
after adjusting them, additional information about the living
being can be obtained. If for example substantially different
first signals are obtained from different legs, it can be
assumed that a pathological difference is present, e.g. based
on a thrombosis.

[0033] In a further embodiment the analyzing unit is
adapted for determining a difference between the at least two
first signals and for generating a reporting signal if the differ-
ence exceeds a threshold. In this embodiment the adjusted
first signals from different body parts are compared by com-
puting their difference. If the difference between the signals
exceeds a predetermined threshold an abnormality is
assumed and a reporting signal is generated. The reporting
signal can e.g. be an acoustic or an optic signal reporting a
presence of the abnormality to a user. Further, it is preferred
if the according body parts are also reported to the user by the
reporting signal. Hence, a user of the device is informed that
an abnormality is eventually present and where this abnor-
mality is assumed. The user can examine the living being very
quickly based on this information. It is further preferred if
different thresholds are used which are adapted to different
pairings of first signals of different body parts leading to a
higher accuracy of the reporting signal.

[0034] In a further embodiment the adjustment unit is
adapted for generating the output signal based on at least two
first signals. In this embodiment the output signal is generated
in accordance to a plurality of adjusted first signals. One of the
major advantages of the inventive idea is that a plurality of
first signals can be obtained which should be substantially
identical after adjusting. By selecting adjusted first signals
and/or combining them, the output signal can be generated
with especially high accuracy. A selection can bemadee.g. by
discarding first signals from body parts which are not suitable
for obtaining measurement readings.

[0035] In a further embodiment the adjustment unit is
adapted for determining a quality of the at least two first
signals and for selecting at least one first signal based on the
quality. In this embodiment a quality of the at least two first
signals and/or adjusted first signals is determined to select at
least one suitable adjusted first signal for generating the out-
put signal. The quality can be estimated for example from a
noise to signal ratio, from a time the according body part
could be obtained by the sensor, from an amount of motion
detected in the body part being monitored, an amount of
gradient, an amount of colour variation and/or a light level of
the body part being monitored. It is thinkable to generate the
output signal by selecting the one adjusted first signal com-
prising the highest quality. It is an advantage that the output
signal is based on at least one first signal with the highest
quality available, leading to a very high quality of the output
signal.

[0036] In a further embodiment the adjustment unit is
adapted for merging the at least two first signals for generat-
ing the output signal. In this embodiment the output signal is
generated based on at least two first signals. It is preferred to
merge adjusted first signals according to different body parts.
Hence, a very accurate output signal is generated. Addition-
ally, the first signals can be selected according to a minimum
quality, wherein only adjusted first signals are merged com-
prising a minimum quality. Further, it is advantageous to
apply a phase-shift to the adjusted first signals specific to the
according body parts. As for example, a pulsation measured at
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an arm will be slightly ahead of the same pulsation measured
ata foot for different distances to the heart leading to different
pulse transit times. The adjusted first signals can be merged in
different ways. They can be merged for example by arithmeti-
cal averaging. This is leading to a very fast approach which
can be computed easily. Further, a weighted averaging is
thinkable. The weighting can be made e.g. by using quality
factors according to the quality of the at least one first signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] 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
[0038] FIG. 1 shows a schematic ofa first embodiment ofa
device according to the invention,

[0039] FIG. 2 shows a schematic of a second embodiment
of a device according to the invention comprising an analyz-
ing unit,

[0040] FIG. 3 shows a flow chart illustrating a first embodi-
ment of a method according to invention,

[0041] FIG. 4 shows a flow chart illustrating a second
embodiment of a method according to invention, and

[0042] FIG. 5 shows a diagram illustrating adjustment
information for different body parts.

DETAILED DESCRIPTION OF THE INVENTION

[0043] FIG. 1 shows a first embodiment of a device 10
according to the present invention. The device 10 comprises a
video camera 12 as a sensor. The video camera 12 has a sensor
area 14 wherein it can obtain measurement readings from a
human being 16. The sensor area 14 can include the whole
human being 16 or only parts of the human being 16. The
measurement readings obtained by the video camera 14 are in
the form of a sequence of images having a component repre-
sentative of a physical phenomenon of the human being. In
the following the invention is exemplarily described with a
blood oxygenation as the physical phenomenon to be mea-
sured. It has to be understood that this does not limit the
invention. Other physical phenomena which can be advanta-
geously be measured by the invention are e.g. pulse, heart rate
variability, blood pressure, respiratory rate, depth of anesthe-
sia and/or hypo- and hypervolemia. The sequence of images
is transmitted via a line 18 to a processor 20 of the device 10.
[0044] The processor 20 comprises an interface 22 for
receiving the measurement readings. In the processor 20 the
measurement readings are transmitted via an arrow 24 to an
identification unit 26. The identification unit 26 is analyzing
the measurement readings for identifying at least one body
part of the human being 16 suitable for measuring the physi-
cal phenomenon. The body part can be for example face, arm,
hand, leg, foot, toe and/or thumb. The identifying is accom-
plished by an object detecting algorithm executed within the
identification unit 10 for detecting body parts in images. After
indentifying the at least one body part, the identification unit
26 is generating data labels with information which at least
one body part has been identified, e.g. “right toe”. This infor-
mation is transmitted via an arrow 28 to an evaluation unit 30.
The evaluation unit 30 comprises data storage means,
wherein calibration curves are stored. Based on the informa-
tion send by the identification unit 26, the evaluation unit 30
is selecting according calibration curves from the data storage
means and transmitting those via an arrow 32 to an adjust-
ment unit 34.
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[0045] Starting again from the interface 22, the measure-
ment readings are also transmitted via an arrow 36 to an
extraction unit 38. The extraction unit 38 is extracting at least
one first signal from the measurement readings received.
Since the measurement readings are images this is accom-
plished by using image processing algorithms. As for
example it can be desired to first locate suitable measurement
spots in the images, preferably by searching skin-colored
pixels. Then these measurement spots are analyzed for
extracting the at least first signal. In the case of blood oxy-
genation, the color ofthe skin is evaluated as to obtain a series
of values for the blood oxygenation. As shown in FIG. 1
information about the identified body parts can be optionally
transmitted via an arrow 28' to the extraction unit 38. The
extraction unit 38 can use this information to enhance the
quality of the extracted at least one first signal. In particular,
the identification unit 26 can identify the at least one region in
the sequence of images wherein the at least one body part to
be measured is located. This region is transmitted to the
extraction unit 38, e.g. as a “mask”, defining the areas, where
the extraction unit 38 has to extract the according first signal.
Hence, the first signal extracted based on this information can
be easily linked to the according calibration curve from the
evaluation unit 30. After extracting the atleast one first signal,
it is transmitted via an arrow 40 to the adjustment unit 34. In
the adjustment unit 34 each first signal is adjusted according
to the assigned calibration curve selected by the evaluation
unit 30. Each calibration curve is assigned to its according
first signal based on the body part they are related to. Then the
calibration curve is applied with the according first signal
generating an adjusted first signal.

[0046] If only one adjusted first signal is generated, the
adjustment unit is outputting the adjusted first signal as an
output signal. If a plurality of adjusted first signals is gener-
ated the adjustment unit 34 generates the output signal based
on the plurality of adjusted first signals. This is done by
selecting and/or merging adjusted first signals.

[0047] The output signal is transmitted via an arrow 42 to
an output interface 44. The output interface 44 is connected
with a line 46 transmitting the output signal to a display 48.
The display 48 is displaying the value of the output signal
representing the physical phenomenon. In this case a blood
oxygenation of 98%.

[0048] FIG. 2 shows a second embodiment of a device 50
according to the present invention. The device 50 comprises
the same components as the device 10 of FIG. 1. Additionally,
the device 50 comprises an analyzing unit 52. The analyzing
unit 52 is receiving the adjusted at least one first signal via an
arrow 40". If a plurality of adjusted first signals is transmitted,
the adjusted first signals are compared to each other by cal-
culating their difference. Preferably this is accomplished in
pairs of adjusted first signals, wherein each first signal repre-
sents the physical phenomenon in a different body part. Fur-
ther, the differences calculated are compared to a threshold.
The threshold is a predetermined threshold and is stored in
data storage means of the analyzing unit 52. If at least one of
the differences exceeds the threshold, a reporting signal is
generated. The reporting signal is transmitted to an output
interface 44' via an arrow 54. The output interface 44' is
outputting the reporting signal additionally to the output sig-
nal via the line 46 to the display 48. Based on the reporting
signal, the display 48 is displaying additional information,
indicating a raised difference between at least two of adjusted
first signals.
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[0049] FIG. 3 shows a flow chart 56 of a first embodiment
of a method according to the present invention. The steps of
flow chart 56 will be explained with respect to the embodi-
ment of the device 10 shown in FIG. 1.

[0050] The method begins in a first step 58. In step 58
measurement readings are obtained. As shown in FIG. 1 the
measurement readings are obtained by the video camera 12 as
a sequence of images. These images are then transmitted to
the processor 20.

[0051] In a following step 60 at least one body part of the
observed living being is identified. The identification unit 26
is carrying out this step 60. As the measurement readings are
images, the identifying can be accomplished by image pro-
cessing algorithms, as for example object recognition algo-
rithms. The gained information regarding body parts can be
the existence of a specific body part in the images, a location
of abody part in the images, motion information of the body
part and the specific type of the body part. The information is
then provided for further steps in the method.

[0052] In a further step 62 the at least one first signal is
extracted from the sequence of images. The number of first
signals depends on the number of measurement points in the
images. It is possible to extract only one overall first signal
based on the images. However, it is preferred to extract at least
one first signal for each identified body part to provide as
many first signals from different measuring points as pos-
sible. The information about the location of body parts in the
images obtained in step 60 can be used to define the measure-
ment points within the images.

[0053] In a further step 64 adjustment information is
obtained. In this step the evaluation unit 30 is using the
information about which at least one body part is indentified
to select at least one according calibration curve from the data
storage means. Hence, for each identified body part an
according first signal and an according calibration curve is
provided.

[0054] 1In a further step 66 the at least one first signal is
adjusted. In this step the adjustment unit 34 is receiving the at
least one calibration curve obtained in step 64 and the at least
one first signal obtained in step 62. The calibration curve is
applied to the according first signal based on the body part
they are assigned to wherein at least one adjusted first signal
is generated.

[0055] In a further step 68 an output signal is generated
based on the at least one adjusted first signal. If only one
adjusted first signal is received this one adjusted first signal is
used as the output signal directly. If a plurality of adjusted first
signals is present the output signal is generated based on a
selection of at least one of the adjusted first signals and/or
based on merging of at least two adjusted first signals. A
selection can be realized by determining a quality of each first
signal or adjusted first signal. The quality can be determined
by known techniques based on a noise to signal ratio, from a
time the according body part could be obtained by the video
camera, from an amount of motion detected in the body part
being monitored, from an amount of gradient, from an
amount of colour variation and/or from a light level of the
body part being monitored. Based on the quality at least one
first signal is selected which is used as output signal. If no
selection 1s done or if a plurality of adjusted first signals
remains after the selection, the remaining adjusted first sig-
nals are merged to generate a single output signal. By merging
a plurality of adjusted first signals a very exact output signal
is generated, which is based on combined readings from a
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plurality of body parts examined. Additionally, the merging
has the advantage that if the living being is moving relative to
the video camera the one output signal can be generated
internally based on changing body parts in the obtained
images leading to stable value to be outputted. Hence, the
merging leads to a very robust approach. The merging can be
done by techniques as an arithmetic averaging or a weighted
averaging. The weighted averaging can be weighted based on
quality parameters determined for the selection described
above. Additionally, the adjusted first signals are shifted in
their phase as to provide a common phase since a phase shift
of the physical phenomenon arises between different body
parts for the body structure of living beings. The shifting can
be made according to predetermined shifting values or by
fitting minima and maxima of periodical first signals with
respect to each other.

[0056] In afurther step 70 the output signal is displayed to
auser. In this step the output signals is received by the display
48 which displays a value according to the physical phenom-
enon measured and according to the output signal.

[0057] The steps 58 to 70 are preferably repeated as to
provide a continuous value displayed to the user.

[0058] FIG. 4 shows a flow chart 72 of a second embodi-
ment ofa method according to the present invention. The flow
chart 72 comprises the steps 58 to 70 from flow chart 56 of
FIG. 3. The additional steps of flow chart 72 will be explained
with respect to the embodiment of the device 50 shown in
FIG. 2.

[0059] Coming from step 66 in step 74 a plurality of
adjusted first signals are compared to each other. This is made
by calculating the difference between two adjusted first sig-
nals. By cross referencing different pairings of adjusted first
signals different differences will be calculated. Each differ-
ence is compared to a predetermined threshold which is read
out of data storing means. It is preferred if different pairings
of adjusted first signals are determined with a threshold
adapted to this specific pairing. Therefore, the data storage
means stores a plurality of thresholds which are assigned to
different pairings adjusted first signals from different body
parts. Hence, a selective surveillance of the adjusted first
signals is gained.

[0060] Ifatleast one difference is exceeding the according
threshold a reporting signal is generated in step 76. The
reporting signal is then displayed in a further step 78 to a user.
Tt is informing the user of the unusual high difference which
could suggest a physical problem. It is preferred if the report-
ing signal is also reporting to which body parts it is referred to
inform the user at which body parts he should examine first.
[0061] FIG. 5 shows a diagram 80 having an abscissa 82
describing the value of the physical phenomenon and an
ordinate 84 describing a correction value for the physical
phenomenon. In the diagram a first group 86 of three calibra-
tion values is shown which is related to a first signal deter-
mined of a face of the living being as a body part. Further, a
second group 88 of seven calibration values is shown which is
related to a first signal determined of a palm of the living
being as a body part. The calibration values of each group 86,
88 can be interconnected by interpolation as to form calibra-
tion curves for different body parts providing detailed cali-
bration information within an interval. The evaluation unit 30
is selecting one of the calibration curves respectively groups
of calibration values 86 or 88 according to the body part
identified by the identification unit 26. The adjustment unit 34
is then determining the actual calibration value to apply based
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on the calibration curve and the value of the first signal to be
adjusted. Finally, the adjustment unit 30 is adding the actual
calibration value to the according value of the first signal as to
adjust the signal.

[0062] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0063] 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.
[0064] A computer program may be stored/distributed on a
suitable non-transitory medium, such as an optical storage
medium or a solid-state medium supplied together with or as
part of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.

[0065] Any reference signs in the claims should not be
construed as limiting the scope.

1. A device for obtaining and processing measurement
readings including at least a component representative of a
physical phenomenon in a living being, comprising:

a sensor for obtaining measurement readings from at least
one body part of aliving being from a distance having at
least a component representative of the physical phe-
nomenon in the living being;

an identification unit for identifying the at least one body
part of the living being;

an extraction unit for extracting at least one first signal
from the measurement readings representing at least one
component representative of the physical phenomenon;

an evaluation unit for obtaining predetermined adjustment
information according to the at least one identified body
part; and

an adjustment unit for adjusting the at least one first signal
according to the adjustment information and for gener-
ating at least one output signal representing the physical
phenomenon of the living being.

2. The device according to claim 1, wherein the physical
phenomenon is blood oxygenation, pulse, heart rate variabil-
ity, blood pressure, respiratory rate, depth of anesthesia and/
or hypo- and hypervolemia

3. The device according to claim 1, wherein the sensor is a
video camera.

4. The device according to claim 1, wherein the adjustment
information is at least one calibration curve.

5. The device according to claim 1, wherein the extracting
unit is adapted for extracting the at least one first signal from
the measurement readings according to the at least one iden-
tified body part.

6. The device according to claim 5, wherein the identifica-
tion unit is adapted for estimating motions of the at least one
identified body part and wherein the extraction unit is adapted
for extracting the at least one first signal in accordance with
the estimated motions.
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7. The device according to claim 5, further comprising an
analyzing unit for comparing at least two first signals repre-
senting component representatives of the physical phenom-
enon from different body parts of the living being.

8. The device according to claim 7, wherein the analyzing
unit is adapted for determining a difference between the at
least two first signals and for generating a reporting signal if
the difference exceeds a threshold.

9. The device according to claim 5, wherein the adjustment
unit is adapted for generating the output signal based on at
least two first signals.

10. The device according to claim 9, wherein the adjust-
ment unit is adapted for determining a quality of the at least
two first signals and for selecting at least one first signal based
on the quality.

11. The device according to claim 9, wherein the adjust-
ment unit is adapted for merging the at least two first signals
for generating the output signal.

12. A method for obtaining and processing measurement
readings including at least a component representative of a
physical phenomenon in a living being, comprising the steps
of:

obtaining measurement readings from at least one body

part of a living being from a distance having at least a
component representative of the physical phenomenon
in the living being;

identifying the at least one body part of the living being;

extracting at least one first signal from the measurement

readings representing at least one component represen-
tative of the physical phenomenon;

obtaining predetermined adjustment information accord-

ing to the at least one identified body part;

adjusting the at least one first signal according to the adjust-

ment information; and

generating at least one output signal representing the

physical phenomenon of the living being.

13. A processor for processing measurement readings
including at least a component representative of a physical
phenomenon in a living being, comprising:
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an interface for receiving measurement readings from at
least one body part of a living being obtained from a
distance and having at least a component representative
of the physical phenomenon in the living being;

an identification unit for identifying the at least one body

part of the living being;
an extraction unit for extracting at least one first signal
from the measurement readings representing at least one
component representative of the physical phenomenon;

an evaluation unit for obtaining predetermined adjustment
information according to the at least one identified body
part; and

an adjustment unit for adjusting the at least one first signal

according to the adjustment information and for gener-
ating at least one output signal representing the physical
phenomenon of the living being.

14. A method for processing measurement readings includ-
ing at least a component representative of a physical phenom-
enon in a living being, comprising the steps of:

receiving measurement readings from at least one body

part of a living being obtained from a distance and hav-
ing at least a component representative of the physical
phenomenon in the living being;

identifying the at least one body part of the living being;

extracting at least one first signal from the measurement

readings representing at least one component represen-
tative of the physical phenomenon;

obtaining predetermined adjustment information accord-

ing to the at least one identified body part;

adjusting the at least one first signal according to the adjust-

ment information; and

generating at least one output signal representing the

physical phenomenon of the living being.

15. A computer program comprising program code means
for causing a computer to carry out the steps of the method as
claimed in claim 14 when said computer program is carried
out on the computer.
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