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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a device and a
method for obtaining pulse transit time and/or pulse wave
velocity information of a subject, such as a person or
animal.

BACKGROUND OF THE INVENTION

[0002] Currently, as leading cause of mortality in west-
ern countries cardiovascular diseases (CVD) are largely
responsible for the ever increasing costs of healthcare
systems.

[0003] Research studies on hypertension have, so far,
generally focused on vascular resistance and small ar-
teries. The high prevalence of systolic hypertension in
patients older than 50 years and the development of non-
invasive Doppler and echo tracking techniques have
made it possible to determine large-artery stiffness with
a high degree of reproducibility. Increased arterial stiff-
ness and disturbed wave reflections are the basis for
understanding reduced aortic elasticity and systolic hy-
pertension, particularly in older people. This hemody-
namic pattern results from mechanical factors and other
pressure-independentrisk factors, such as diabetes mel-
litus, renal failure, obesity and severe atherosclerosis.
[0004] The roles of arterial stiffness and wave reflec-
tions in hypertension have been elucidated by modern
interpretations of the blood-pressure curve in relation to
its propagation, mechanisms of systolic-blood-pressure
amplification, and the pulse-pressure amplitude. New
predictors of cardiovascular risk have been identified,
such as increased pulse pressure and pulse-wave ve-
locity as well as disturbed wave reflections, all of which
are independent predictors of cardiovascular risk that are
more powerful than either systolic or diastolic blood pres-
sure alone. Therapeutic trials are investigating ways to
reduce stiffness, and thereby allow the selective reduc-
tion of systolic and pulse pressure in hypertensive pa-
tients with or without advanced renal failure.

[0005] Because several studies have recently high-
lighted the important role that arterial stiffness plays in
the development of CVD, and since central stiffness has
been shown to be the best independent predictor of both
cardiovascular and all-cause mortality, stiffness might be
considered to be the missing vascular-related parameter
in ambulatory cardiovascular monitoring. However, the
only available technique for measuring arterial stiffness
non-invasively so far is the so-called pulse wave velocity
(PWV).

[0006] EP 2 000 084 A1 discloses an apparatus for
obtaining pulse wave velocity information including a
light-emitting unit, an image sensor configured to capture
images, in time sequence, relating to a living body, alens,
an extreme-occurrence-time obtaining unit configured to
obtain times T1 and T2 at which extremes occur in time
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sequence with respect to brightness values of a first re-
gion and a second region of each of the captured images,
the time T1 being obtained for one of the first regions and
the time T2 being obtained for one of the second regions,
and a PWV calculation unit configured to calculate a
pulse wave velocity according to expression P = (Y L/f)
/(T2 - T1), where Y represents a distance on the image
sensor, the distance corresponding to a distance be-
tween the first region and the second region, frepresents
the focal length of the lens, and L represents a distance
between the lens and the living body.

[0007] EP 2631874 A1 discloses a system and meth-
od for determining an arterial pulse transit time of a sub-
ject of interest in a remote sensing environment. A video
imaging system is used to capture a time varying source
images of a proximal and distal region of a subject in-
tended to be analyzed for arterial pulse transit time. A
time series signal for each of the proximal and distal re-
gions is extracted from the source images and a phase
of each of the extracted time series signals is computed.
A difference is then computed between these phases.
This phase difference is a monotonic function of frequen-
cies in the signals. From the monotonic function, an ar-
terial pulse transit time of the subject is extracted. The
subject’s arterial pulse transit time is then communicated
to a computer system. The computer system determines
blood pressure, blood vessel blockage, blood flow veloc-
ity, or a peripheral neuropathy.

[0008] US 2010/0195473, WO 2012/093320 A2 and
the article of W. Verkruijsse et al.: "A novel biometric
signature: multi-site, remote (> 100 m) photo-plethys-
mography using ambient light", Technical Note PR-TN
2010/00097, 03/2010, disclose further developments of
the applicant regarding a device and method for remote
photo-plethysmography.

[0009] WO 2013/166341 A1 discloses physiological
characteristic detection based on reflected components
of light.

[0010] DE 197 41982 discloses a system for local non-
invasive functional indicating of dermal blood perfusion.
[0011] US 2013/0046192 A1 discloses an image-
based PWV measurement device and method.

SUMMARY OF THE INVENTION

[0012] Itis an object of the presentinvention to provide
a device and a method for unobtrusively, reliably and
efficiently obtaining pulse transit time and/or pulse wave
velocity information of a subject that enable a fast but
reliable determination and/or monitoring of the subject’s
health condition and a better prediction of the subject’s
health status deteriorations.

[0013] Inafirstaspectofthe presentinvention adevice
for obtaining pulse transit time and/or pulse wave velocity
information of a subject is presented, said device com-
prising

- aninterface for receiving a set of image frames of a
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subject acquired by an imaging unit,

- amotion detection unit for detecting motion of differ-
ent body parts of the subject,

- an ROI selection unit for selecting at least two re-
gions of interest at body parts of the subject within
said set of image frames,

- asignal extraction unit for extracting atleasttwo pho-
toplethysmographic, PPG, signals from at least two
selected region of interest from said set of image
frames,

- amotion correction unit for controlling said ROI se-
lection unit to select only regions of interest at sub-
stantially unmoved body parts and/or for controlling
said signal extraction unit to extract a PPG signal
only from regions of interest at substantially un-
moved body parts or to correct PPG signals extract-
ed from regions of interest at moving body parts,

- a distance determination unit for determining the
physical distance between selected regions of inter-
est within an image frame, and

- a calculation unit for determining pulse transit time
and/or pulse wave velocity information from the PPG
signals extracted from different regions of interest
and the respective determined physical distance be-
tween the respective regions of interest.

[0014] In a second aspect of the present invention a
corresponding method of obtaining pulse transit time
and/or pulse wave velocity information of a subject is
presented.

[0015] In yet further aspects of the present invention,
there are provided a computer program which comprises
program code means for causing a computer to perform
the steps of the method disclosed herein when said com-
puter program is carried out on a computer as well as a
non-transitory computer-readable recording medium
that stores therein a computer program product, which,
when executed by a processor, causes the method dis-
closed herein to be performed.

[0016] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed method and computer program have similar
and/or identical preferred embodiments as the claimed
device and as defined in the dependent claims.

[0017] The present invention provides a reliable and
efficient device and method that provide PWV measure-
ment automatically, continuously, and in a non-obtrusive
way, while remaining unaffected by movements of the
subject’s body or body portions or changes in body po-
sition or being automatically adjusted to body pose. Fur-
ther, it enables a continuous measurement of transit time
of a pressure pulse when travelling through the body,
e.g. when travelling from the Aortic Valve to the Strenum
(the so-called av2sPTT). Further, pulse transit time (PTT)
can be determined and PWYV values can be calculated,
e.g. in the following way:
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PWV =D/ PTT,

where D is the length of an arterial segment and the pulse
transit time is defined as:

PTT =PATd - PATp,

where PATp is the arrival time of the pressure pulse at
the point closer to the heart and PATd is the arrival time
of the pressure pulse at extremity.

[0018] Thus, the present invention substantially pro-
vides a signal processing chain to acquire PTT and/or
PWYV information from image data by combing an auto-
matic detection of several non-moving ROIs on skin, de-
termination (e.g. estimation) of the physical distance be-
tween those ROI, calculation of phase shift between
those PPG signals. Contrary to known systems using
several contact PPG sensors placed on body parts (e.g.
legs, arms, forehead), synchronized with each other
or/and with ECG, all the information used according to
the present invention comes from one single optical sen-
sor, namely an imaging unit such as a video camera.
[0019] EP 2000084 A1 discloses a specific hardware
setup for transmissive or reflective PPG on a finger, but
does not address the aspects of measurement of PWV
on more than one part of a body, which is neither desired
nor possible using the disclosed hardware setup. In con-
trast, the presentinvention discloses a multi-spot meas-
urement of PPG signals and an analysis of changes in
PPG morphology depending on motion on different body
locations.

[0020] In a preferred embodiment said signal extrac-
tion unit is configured to select a plurality of regions of
interest from a plurality of different body parts of the sub-
ject, wherein said signal extraction unit is configured to
extract a plurality of PPG signals from said plurality of
selected regions of interest and wherein said calculation
unit is configured to determine pulse transit time and/or
pulse wave velocity information from the PPG signals
extracted from a plurality of different regions of interest
and the respective determined physical distance be-
tween the respective regions of interest. By this multi-
site PPG measurement, i.e. by obtaining multiple PPG
signals from multiple ROIs from different body parts, the
reliability and accuracy of the obtained pulse transit time
and/or pulse wave velocity information of a subject can
be increased.

[0021] In another embodiment said calculation unit is
configured to determine a first body map indicating the
determined pulse transit time and/or pulse wave velocity
information for the respective body parts. This body map
provides the caregiver with a good and quick overview
of healthy and potentially unhealthy region of the sub-
ject’s body.

[0022] Preferably, the device further comprises a vital
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signs determination unit for determining vital sign infor-
mation from the PPG signals extracted from one or more
selected regions of interest. Several vital signs of differ-
ent physiological origin (e.g. PPG, breathing motion) may
be acquired from multiple locations of the subject’s body,
simultaneously with context information (e.g. body mo-
tion, distance between ROIs). Signal processing meth-
ods are applied to extract derivative vital signs based on
combined analysis of measured physiological signals
and context information.

[0023] Vital signs of a person, for example the heart
rate (HR), the respiration rate (RR) or the blood oxygen
saturation, serve as indicators of the current state of a
person and can be used as predictors of medical events.
For this reason, vital signs are extensively monitored in
inpatient and outpatient care settings, at home or in fur-
ther health, leisure and fitness settings.

[0024] One way of measuring vital signs is plethysmog-
raphy. Plethysmography generally refers to the meas-
urement of volume changes of an organ or a body part
and in particular to the detection of volume changes due
to a cardio-vascular pulse wave traveling through the
body of a subject with every heart beat. Photoplethys-
mography (PPG) is an optical measurement technique
that evaluates a time-variant change of light reflectance
or transmission of an area or volume of interest. PPG is
based on the principle that blood absorbs more light than
surrounding tissue, so variations in blood volume with
every heart beat affect transmission or reflectance cor-
respondingly. Besides information about the heart rate,
a PPG waveform (also referred to as PPG signal) can
comprise information attributable to further physiological
phenomena such as the respiration. By evaluating the
transmissivity and/or reflectivity at different wavelengths
(typically red and infrared), the blood oxygen saturation
can be determined. Conventional pulse oximeters are
often attached to the skin of the subject. Therefore, they
are referred to as 'contact’ PPG devices.

[0025] Recently, non-contact, remote PPG (RPPG)
devices for unobtrusive measurements have been intro-
duced. Remote PPG utilizes light sources or, in general
radiation sources, disposed remotely from the subject of
interest. Similarly, also a detector, e.g. a camera or a
photo detector, can be disposed remotely from the sub-
ject of interest. Therefore, remote PPG systems and de-
vices are considered unobtrusive and well suited for med-
ical as well as non-medical everyday applications.
[0026] Verkruysse et al., "Remote plethysmographic
imaging using ambient light", Optics Express, 16(26), 22
December 2008, pp. 21434-21445 demonstrate that
photoplethysmographic signals can be measured re-
motely using ambient light and a conventional consumer
level video camera. One of the main advantages of cam-
era-based vital signs monitoring over on-body sensors
is the high ease-of-use: there is no need to attach a sen-
sor, justaiming the camera at the skin/chest of the subject
is sufficient. Another advantage of camera-based vital
signs monitoring over on-body sensors is the potential
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for achieving motion robustness: cameras have a signif-
icant spatial resolution while contact sensors mostly con-
sist of a single element detector.

[0027] Preferably, said vital signs determination unitis
configured to determine the (changes of) arterial blood
oxygen saturation at different body parts and determine
a second body map indicating the determined arterial
blood oxygen saturation for the respective body parts. A
caregiver can thus easily see if the subject has any health
problem, which is particularly useful in baby care and
monitoring of premature and newborn babies.

[0028] Inanadvantageous embodimentthe device fur-
ther comprises a respiration determination unit for deter-
mining respiratory information, in particular respiration
rate and/or changes of respiration volume, of the subject
from said set of image frames at selected regions of in-
terest. The respiration rate is one of the most important
vital signs in healthcare which can be reliably obtained
by the proposed device and method.

[0029] Further, in an embodiment said ROI selection
unit is configured to select regions of interest from which
the strongest and/or most reliable PPG signals can be
extracted. For instance, regions of interest, from which
the PPG signal showing the highest SNR, or regions of
interest showing no or only a small amount of motion of
therespective body part, may be selected. This increases
the reliability and accuracy of the obtained information.
[0030] Advantageously, said calculation unit is config-
ured to determine phase shifts between PPG signals ex-
tracted from different regions of interest and to determine
pulse transit time and/or pulse wave velocity information
from said phase shifts and the determined physical dis-
tance between the respective regions of interest. This
provides a reliable way of determining pulse transit time
and/or pulse wave velocity information.

[0031] Advantageously, said calculation unit is config-
ured to determine differences in pulse shapes between
PPG signals extracted from different regions of interest.
This information may be used to facilitate the diagnosis
and assessment of various vascular diseases, for in-
stance lower limb peripheral arterial occlusion disease
(PAOD).

[0032] In still another embodiment the device further
comprises a body posture detection unit for detecting the
body posture of the subject, wherein said calculation unit
is configured to take the body posture into account in the
determination of the pulse transit time and/or pulse wave
velocity information. The body posture can be quite easily
determined fromimage data of the subject, e.g. by pattern
recognition or image detection algorithms. Knowing the
body posture during the determination of the pulse transit
time and/or pulse wave velocity information and/or char-
acteristics of pulse signals this determination becomes
reproducible and the information obtained at different
times becomes comparable.

[0033] Preferably, said calculation unitis configured to
monitor said pulse transit time and/or pulse wave velocity
information over time. Hence, a subject, e.g. a patient in
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a hospital or a premature baby, can be safely and unob-
trusively monitored all the time so that any critical change
of the subject’s health status can be quickly and reliably
detected so that an alarm can be issued immediately.
[0034] Instillanother embodiment said calculation unit
is configured to determine changes in blood pressure
from the determined pulse transit time and/or pulse wave
velocity information. Thus, another piece of valuable in-
formation can be obtained indicating the subject’s health
state.

[0035] In yet another embodiment the device further
comprises an imaging unit for acquiring image frames of
the subject. The device may then correspond to a camera
device including the above described elements for ob-
taining pulse transit time and/or pulse wave velocity in-
formation of a subject.

[0036] According to another aspect the present inven-
tion provides a device for obtaining physiological infor-
mation of a subject, said device comprising

- aninterface for receiving a set of image frames of a
subject acquired by an imaging unit,

- amotion detection unit for detecting motion of differ-
ent body parts of the subject,

- an ROI selection unit for selecting at least two re-
gions of interest at body parts of the subject within
said set of image frames,

- asignal extraction unit for extracting atleast two pho-
toplethysmographic, PPG, signals from at least two
selected regions of interest from said set of image
frames,

- amotion correction unit for controlling said ROI se-
lection unit to select only regions of interest at sub-
stantially unmoved body parts and/or for controlling
said signal extraction unit to extract a PPG signal
only from regions of interest at substantially un-
moved body parts or to correct PPG signals extract-
ed from regions of interest at moving body parts,

- acalculation unit for determining physiological infor-
mation of the subject including one or more of diag-
nosis of diabetes, evaluation of local blood microcir-
culation, analysis of changes of local blood perfusion
by analyzing PPG signals acquired from different
body parts of the subject.

[0037] According to this aspect information from the
PPG signals extracted from different regions of interest
is evaluated. For instance, diagnosis of diabetes can be
performed by analyzing the difference in phase and
shape of two PPG signals acquired from both feet or both
legs. Further, the local blood microcirculation and local
blood perfusion acquired from different body parts can
be analyzed simultaneously. Thus, multiple PPG signals
from various body parts maybe used for other applica-
tions apart from PTT and PWV analysis. In another em-
bodiment the above described calculation unit for deter-
mining PTT and/or PWV information may be configured
further to obtain such additional physiological information
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(i.e. regarding diabetes, local blood microcirculation,
changes of local blood perfusion).

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows an exemplary subject monitoring setup
including an embodiment of a device according to
the present invention;

Fig. 2 shows a schematic illustration of a first em-
bodiment of a device according to the present inven-
tion;

Fig. 3 shows an electrocardiogram and a photop-
lethysmogram for measuring a pulse arrival time ac-
cording to the state of the art;

Fig. 4 shows an electrocardiogram and two PPG sig-
nals obtained at different ROls for illustrating the de-
termination of PTT and PWV;

Fig. 5 shows a schematic illustration of a second
embodiment of a device according to the present
invention; and

Fig. 6 shows a flowchart of an embodiment of a meth-
od according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] Fig. 1 shows an exemplary embodiment of a
monitoring system 10 including a device 12 for obtaining
pulse transit time and/or pulse wave velocity information
of a subject 14 according to the present invention. The
subject 14, in this example a patient, liesin abed 16, e.g.
in a hospital or other healthcare facility. Image frames of
the subject 14 are captured by means of a camera 18
including a suitable photosensor. The camera 18 for-
wards the recorded image frames to the device 12. The
device 12 is further connected to an interface 20 for dis-
playing the determined information and/or for providing
medical personnel with an interface to change settings
of the device 12, the camera 18 or the monitoring system
10. Such aninterface 20 may comprise different displays,
buttons, touchscreens, keyboards or other human ma-
chine interface means.

[0040] A monitoring system 10 as illustrated in Fig. 1
may, e.g., be located in a hospital, healthcare facility,
elderly care facility or the like. Apart from the monitoring
of patients, the present invention may also be applied in
other fields such as neonate monitoring, general surveil-
lance applications, security monitoring or so-called live
style environments, such as fitness equipment, or the
like. The uni- or bidirectional communication between the
device 12, the camera 18 and the interface 20 may work
via a wireless or wired communication interface. Other
embodiments of the present invention may include a de-
vice 12, which is not provided stand-alone, but integrated
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into the camera 18 or the interface 20.

[0041] Fig. 2 shows a more detailed schematic illus-
tration of a first embodiment 12a of the device 12 accord-
ing to the present invention. The device 12a comprises
an interface 22 for receiving a set of image frames of a
subject. Thereby, the interface 22 may correspond to a
wired or wireless network connection, any kind of serial
connection or another standard or non-standard commu-
nication interface. The received image frames 19 may
particularly correspond to a video sequence captured by
means of an analog or digital photosensor, e.g. in a (dig-
ital) camera. Such a camera usually includes a photo-
sensor, such as a CMOS or CCD sensor, which may also
operate in a specific spectral range (visible, IR) or provide
information for different spectral ranges. The camera
may provide an analog or digital signal. Theimage frames
19 include a plurality of image pixels having associated
pixel values. Particularly, the image frames include pixels
representing light intensity values captured with different
photosensitive elements of a photosensor. These pho-
tosensitive elements may be sensitive in a specific spec-
tral range (i.e. representing a specific color). The image
frames include at least some image pixels being repre-
sentative of a skin portion of the subject. Thereby, an
image pixel may correspond to one photosensitive ele-
ment of a photodetector and its (analog or digital) output
or maybe determined based on a combination (binning)
of a plurality of the photosensitive elements.

[0042] The device 12a further comprises a motion de-
tection unit 24 for detecting motion of different body parts
of the subject 14. Motion of a body part may be detected
by comparing the current image with a reference image
and simply counting the number of different pixels or by
any other conventional motion detection algorithm.
[0043] The device 12a further comprises an ROI se-
lection unit 26 for selecting at least two regions of interest
at body parts of the subject 14 within said set of image
frames 19. In Fig. 1 such different ROIs 1, 2, 3, 4 are
schematically indicated. Selecting a region of interest
may be made by detecting a skin area from which light
is reflected that is received by the imaging unit. Advan-
tageous methods for selecting a region of interestin order
to derive PPG signals from the image frames obtained
from the region of interest are generally known in the art,
e.g.from Georg Lempe, Sebastian Zaunseder, Tm Wirth-
gen, et al. "ROI selection for Remote Photoplethysmog-
raphy", Informatik aktuell, Bildverarbeitung fur die
Medizin, 2013.

[0044] The device 12a further comprises a signal ex-
traction unit 28 for extracting at least two photoplethys-
mographic (PPG) signals from at least two selected re-
gions of interest from said set of image frames 19. The
extraction of PPG signals from an imaging unit is widely
known in the art of vital signs monitoring and remote PPG.
The principle is e.g. described in the above mentioned
paper of Verkruysse et al. Such a signal extraction unit
26 may particularly correspond to an analog or digital
signal processor. A PPG signal may particularly corre-
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spond to a signal representing fluctuations in the light
intensity determined based on a time series of image
frames 19. Such a PPG signal may be representative of
a vital sign of a subject such as a heart rate, the respira-
tory rate or the (arterial) blood oxygen saturation. The
signal extraction unit 26 may particularly extract the PPG
signal based on multiple image pixels and/or based on
a series of time-consecutive image frames.

[0045] The device 12a further comprises a motion cor-
rection unit 30 for controlling said ROI selection unit 26
to select only regions of interest at substantially unmoved
body parts and/or for controlling said signal extraction
unit 28 to extract a PPG signal only from regions of in-
terest at substantially unmoved body parts or to correct
PPG signals extracted from regions of interest at moving
body parts. In this way, the effect of motion shall be can-
celled or excluded as much as possible in order to in-
crease the accuracy and reliability of finally obtained in-
formation.

[0046] The device 12a further comprises a distance
determination unit 32 for determining the physical dis-
tance between selected regions of interest. This distance
can be easily determined within an image frame, e.g. by
measuring the distance between the centers of the re-
spective regions of interest. This can be done either by
measuring the distance between body parts directly on
a body, or by measuring the distance in pixels between
coordinates of the centrums of ROls and normalizing it
to the size of the entire body in pixels.

[0047] Finally, the device 12a further comprises a cal-
culation unit 34 for determining pulse transit time and/or
pulse wave velocity information 35 from the PPG signals
extracted from different regions of interest and the re-
spective determined physical distance between the re-
spective regions of interest.

[0048] The various units of the device 12a maybe com-
prised in one or multiple digital or analog processors de-
pending on how and where the invention is applied. The
different units may completely or partly be implemented
in software and carried out on a personal computer con-
nected to a device for obtaining image frames of a sub-
ject, such as a camera device. Some or all of the required
functionality may also be implemented in hardware, e.g.
in an application specific integrated circuit (ASIC) orin a
field programmable gate array (FPGA).

[0049] Arterial stiffness and Pulse Wave Velocity are
generally estimated by measuring PTT, which in its turn
requires synchronized measurement of PPG signals at
several sites of a body. Currently, multi-site PPG meas-
urement is performed by means of placing several con-
tact PPG sensors on body parts (legs, arms, forehead),
synchronized with each other or/and with ECG. There
are several disadvantages associated with such set-up.
The set-up with several synchronized PPG and ECG sen-
sors is cumbersome, takes time to install and therefore
prone to errors. The shape and arrival time of pulse at
different body locations is influenced by gravitation and
therefore dependent on body posture. Therefore, the ex-
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act body pose of a subject should be carefully recorded
and taken into account during measurements. For sen-
sors placed on the forehead, positioning of the sensor is
crucial, since the direction of blood flow affects the pulse
delays measured by the detector. Dependence of the
shape of the pulse signal on placement of contact PPG
sensor and the sensor construction makes accurate and
reproducible measurement of PTT difficult.

[0050] In general, reproducibility of multi-site PPG
measurement by means of probe attachment to a body
is affected by several factors, such as probe-tissue inter-
face pressure, motion artifacts, subject posture and re-
laxation, breathing, etc. Moreover, the measurement of
PPG signals on limited number of body spots (e.g. only
legs, hands) might be sufficient to estimate PWV, but not
enough to provide other information related to monitoring
of cardio vascular system. For instance, analysis of the
difference of phase and shape of PPG signals between
foots provides an indication of diabetes, spatial distribu-
tion of PPG amplitudes gives the information about the
local condition of micro vascular blood flow and tissue
viability, etc.

[0051] The proposed device and method, in contrast,
can unobtrusively, reliably and synchronously measure
spatial PPG information from multiple body sites simul-
taneously, automatically adjust to body position, respira-
tion, body motion, and provide a set of parameters to
compare shapes, phase, arrival times, amplitudes of
PPG signals from multiple sites. Optionally, in an embod-
iment a multispectral high frame rate camera, optionally
synchronized with ECG, is used for acquisition of the
image data. This device can optionally contain a source
of structured illumination emitted towards the chest of a
subject.

[0052] Inthis context "spatial PPG information" means
a 2D array, where each pixel represents an amplitude of
extracted PPG signal. In other words, spatial PPG,
breathing, or SpO2 information is generally a 2D map,
where each pixel corresponds to 1D signal of PPG,
breathing, or SpO2 signal extracted from either that pixel
on a skin, or from an ROI around that pixel.

[0053] Fig. 3 shows, for illustration purposes, an elec-
trocardiogram and a photoplethysmogram for evaluating
the pulse arrival time according to the state of the art.
The electrocardiogram and the photoplethysmogram are
detected at different positions on the human bodyin order
to measure the pulse transit time and to detect trends in
the blood pressure from the pulse arrival time.

[0054] The pulse arrival time is usually determined as
a time frame from a maximum peak R of the electrocar-
diogram to a certain pointin time of the photoplethysmo-
gram. The pulse arrival time may be detected as a time
frame from the maximum R of the electrocardiogram to
a minimum value F of the photoplethysmogram as a foot
pulse arrival time PAT,; or to a maximum value T of the
photoplethysmogram as a top pulse arrival time PATtop
or as a time to the maximum slope of the photoplethys-
mogram between the maximum and the minimum value
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of the photoplethysmogram.

[0055] Fig. 4 shows a diagram of an ECG signal and
two PPG signals obtained at the hand (PPG, ;,4) and at
the foot (PPGy,o¢) Of @ subject. Therein the pulse transit
time at the hand (PTT, ,,4) and at the foot (PTT;,,,) are
indicated as well as their difference PTT 4. The pulse
wave velocity PWV is obtained by calculating PWV = D
| PTTg4i, where D is the distance between the hand and
the foot, i.e. the positions where the PPG signals were
measured.

[0056] Fig. 5 shows another embodiment of a device
12b according to the present invention comprising some
additional elements compared to the embodiment 12a
shown in Fig. 2. It shall be noted however that not all of
these additional elements need to be provided, in further
embodiments of the device only one or more of these
additional elements are provided.

[0057] In particular, the device 12b comprises a vital
signs determination unit 36 for determining vital sign in-
formation 37 from the PPG signals extracted by the signal
extraction unit 28 from one or more selected regions of
interest. The term "vital sign" as used in the context of
the present invention refers to a physiological parameter
of a subject (i.e. aliving being) and derivative parameters.
In particular, the term "vital sign" comprises heart rate
(HR) (sometimes also called pulse rate), heart rate var-
iability (pulse rate variability), pulsatility strength, per-
fusion, perfusion variability, PPG pulsatility, Traube Her-
ing Mayer waves, respiratory rate (RR), body skin tem-
perature, blood pressure, pulse transittime (PTT), a con-
centration of a substance in blood and/or tissue, such as
(arterial) blood oxygen saturation or glucose level. The
term "vital sign information" as used in the context of the
present invention comprises the one or more measured
vital signs as defined above. Furthermore, it comprises
data referring to a physiological parameter, correspond-
ing waveform traces or data referring to a physiological
parameter of a time that can serve for subsequent anal-
ysis.

[0058] Forinstance, the changes of (arterial) blood ox-
ygen saturation at different body parts can thus be quickly
determined, from which a body map indicating the deter-
mined oxygen saturation for the respective body parts
can be quickly obtained. How to determine the blood ox-
ygen saturation from PPG signals is generally known in
the artand e.g. described in Wieringa, et al., "Contactless
Multiple Wavelength Photoplethysmographic Imaging: A
First Step Toward "SpO2 Camera" Technology," Ann.
Biomed. Eng. 33, 1034-1041 (2005).

[0059] The device 12b further comprises a respiration
determination unit 38 for determining respiratory infor-
mation 39, in particular respiration rate and/or changes
of respiration volume, of the subject 14 from said set of
image frames at selected regions of interest. Respiration
information is a very valuable and essential information
quickly providing information about sudden changes of
the subject’s health condition. This respiration monitoring
may e.g. be realized by detecting the subtle breathing
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motion in the subject’s chest (or belly) area.

[0060] A usable method for determining respiratory in-
formation from image data are e.g. described in WO
2012/140531 A1 according to which electromagnetic ra-
diation emitted and/or reflected of a person is detected,
wherein this electromagnetic radiation comprises a con-
tinuous or discrete characteristic motion signal related to
the respiratory rate of the person and other motion arti-
facts related to the movement of the person or related to
ambient conditions. This method increases the reliability
of the respiratory rate measurement by taking into ac-
count data processing means adapted to separate the
respiratory rate signal from overall disturbances by taking
into account a predefined frequency band, common pre-
defined direction or an expected amplitude band and/or
amplitude profile to distinguish the different signals.
[0061] Another usable method for inferring the respi-
ration rate from PPG signals, which are modulated in
amplitude, frequency and baseline is described in Addi-
son et.al. J., "Developing an algorithm for pulse oximetry
derived respiratory rate (RRoxi): a healthy volunteer
study", Journal of Clinical Monitoring and Computation,
26:45-51(2012). Further usable methods are also known
in the art.

[0062] The device 12b further comprises a body pos-
ture detection unit 40 for detecting the body posture of
the subject 14. The calculation unit 34 takes the body
posture into account in the determination of the pulse
transit time and/or pulse wave velocity information. The
body posture, e.g. lying on the back, on the side, sitting,
standing, etc., can be determined from the image data
19 by conventional image processing methods, such as
pattern recognition or other algorithms. Usable methods
are e.g. described in L. Panini, R. Cucchiara "A Machine
learning approach for human posture detection in domot-
ics applications", Proceedings of the 12th International
Conference on Image analysis and Processing
(ICIAP’03) and Humberto Souto Junior, Soraia Raupp
Musse, "Automatic Detection of 2D Human Posture
based on Single Images", Proceedings of Graphics, Pat-
ters and Images (Sibgraphi), 2011, Aug, 2011.

[0063] The information about the posture of the body
may be used in several ways for proper calculation of
PTT, PWV and evaluation of the pulse shape properties
at various body locations. First of all, the posture infor-
mation allows an accurate calculation of distances be-
tween ROls on various body parts. For that, the system
should know the position of a body (e.g. siting, laying,
etc.) and adjust the direct distance between ROls ac-
cordingly. Moreover, the body position influences a pulse
shape of extracted PPG signals. For instance, the shape
of PPG signal extracted from a palm will be very different
depending whether a hand is below a heart level or
above. Therefore, for proper analysis of pulse shape, the
positions of body parts in relation to each other are very
useful.

[0064] Preferred embodiments of the proposed device
thus have one or more of the following monitoring func-
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tionalities:

- Automatic estimation of body posture and/or contin-
uous tracking of motion of body parts. This is impor-
tant to correctly calculate the distances between
ROls on various body parts and to make a proper
analysis of pulse shape signal.

-  Estimation of biometrical body parameters (length
of arms, legs, distance from a palm to a heart, etc.).
PPG signals extracted from different body parts
would have different shape. Therefore, in order to
accurately estimate the PTT/PWV and analyze
(changes of) pulse shape information, estimation of
biometrical body parameters are useful. However,
in a basic embodiment, just a detection of body pe-
ripherals, and an analysis of PPG signals extracted
from body peripherals might be sufficient.

- Measurement of respiratory motion and/or estima-
tion of respiratory rate. Breathing influences the
shape of PPG signal, as well as inter peak distance
of pulse signals and their amplitude. Therefore, in
order to accurately analyze the differences in PPG
signals extracted from various body parts, removal
ofthe variability in PPG signals caused by respiration
might be useful, as proposed in an additional em-
bodiment of the present invention. Moreover, the
breathing signal (rate, shape of respiratory signal)
contains important information about the health con-
dition of a person by itself.

- Measurement of relative changes of respiratory vol-
ume (e.g. by means of analysis of structured light
pattern changes during breathing). Regularity of
breathing and type of breathing (belly or chest) pro-
vides an important information about the health con-
dition of a person.

- Measurement of PPG signals in different wave-
lengths, including at least green, red, infra-red. Mon-
itoring of PPG signals in at least two wavelengths is
required to provide robustness of PPG measure-
ment to motion and ambient illumination, and to pro-
vide SpO2 measurements.

- Analysis of PPG imaging (spatial map of PPG am-
plitude) of visible skin areas of a body in at least
green and infra-red color channels. Changes of PPG
imaging per spatial skin location can be used for eval-
uation of blood microcirculation, as e.g. described in
U. Rubins, V. Upmalis, et al. "Real-time Photop-
lethysmography Imaging System", IFMBE proceed-
ings 34, pp. 183-186, 2011. This paper describes
the use of PPG imaging for monitoring of blood per-
fusion changes during local anesthesia. Moreover,
PPG imaging can be used as a tool to automatically
detect ROls on a body with the strongest PPG signal,
which will serve as reliable ROIs for PTT and PWV
measurement.

- Monitoring of changes of SpO2 values at different
body sites. Oxygenation of arterial blood is changing
over a body with different dynamics. Spatial dynam-
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ics of SpO2 changes may be used for estimation of
local microcirculation in a way similar to PPG imag-

ing.

[0065] In preferred embodiments of the device body
posture and/or body motion are determined, and/or con-
trol for adaptive acquisition of vital signs is provided. In
particular, based on PPG imaging skin segments are de-
fined, which have the strongest and most reliable PPG
signal (using PPG imaging, as described above), which
segments are used as virtual sensors, particularly for
PTT and PWV measurement. Further, an objective esti-
mation of exact body posture is made to provide repro-
ducibility of PTT, PWV measurements. Estimation of
body motion is performed to control the acquisition of
PPG signals (e.g. to stop acquisition from a particular
body part, if motion of this part is detected) or to provide
motion robust acquisition of PPG signals. Estimation of
the respiratory motion (in particular both respiration rate
and relative changes of volume), which information is
used to control the acquisition and adaptive analysis of
PPG signals, which would be required for accurate cal-
culation of PTT and PWV. Further, an ECG sensor can
be optionally provided for more accurate calculation
and/or confirmation of PTT and PWV. In the embodiment
with ECG sensor, PTT and PWV are calculated based
on a time difference between peaks of ECG (reference
time stamps) and peaks of pulse PPG signal from one
or several body parts. In an embodiment without ECG,
PTT and PWYV are calculated based on time distance
between beats of PPG signals acquired from different
body parts.

[0066] In this context, a "virtual sensor" means an ROI
on skin, wherein all pixels are preferably averaged to
extracta physiological signal. Forinstance, ifan ROI ("vir-
tual sensor") is selected on a forehead, all pixels within
this forehead ROI are averaged to extract one PPG sig-
nal. The proposed device and method can have either
thousands of such ROlIs / virtual sensors, or only one
virtual sensor, which includes all pixels of the visible skin.
[0067] Moreover, in preferred embodiments of the de-
vice one or more of the following functionalities are pro-
vided (which are preferably carried out by the calculation
unit 34 or by separate additional units):

- Analyze the time difference between beats of PPG
signals acquired from "virtual sensors" (i.e. the se-
lected ROIs) located at legs, hands, and around a
heart area of a person. In another embodiment of
the invention, the time differences between beats of
PPG signals acquired from selected ROls are cal-
culated with reference to beats of an ECG signal (if
available)

- Calculate the distance between "virtual sensors".

- Calculate PTT and PWV between several pairs of
"virtual sensors", taking into account the information
from above two steps.

- Analyze the difference in SpO2 trending between

10

15

20

25

30

35

40

45

50

55

virtual sensor on a forehead and body peripherals.

- Analyze the phase shift of PPG signal between two
feet from "virtual sensors" located at the same dis-
tance from a heart.

- Analyze the relation between respiratory volume,
respiratory rate, and changes of PPG amplitude. For
example, the method described in Lena Nilsson, To-
mas Goscinski, et al. "Respiratory variations in the
photoplethysmographic waveform: acute hypovol-
aemia during spontaneous breathing is not detect-
ed", 2010 Physiol. Meas. Volume 31, Number 7 or
in Nilsson L, Johansson A, Kalman S., "Respiratory
variations in the reflection mode photoplethysmo-
graphic signal. Relationships to peripheral venous
pressure”, Medical and Biological Engineering and
Computing 2003 May; 41(3):249-54 can be used for
this purpose.

[0068] The imaging unit 18, which may also be part of
the device 12, is preferably a video camera for acquiring
PPG signals in several color channels from multiple "vir-
tual sensors" (ROIs), from which various PPG-related
information, in particular vital signs, such as SpO2, pulse
shape, pulse amplitude etc. are derived. Further, respi-
ratory rate and changes of respiratory volume can be
derived from the acquired image data, e.g. by analyzing
motion of a chest and/or belly area.

[0069] By analyzing he differences in PPG-related in-
formation between "virtual sensors" PTT, PWV, speed
of SpO2 changes etc. can be estimated, and the depend-
ency between respiratory efforts, respiratory volume and
changes in shape, amplitude and inter-peak distances
of extracted PPG signals can be analyzed.

[0070] Fig. 6 shows a flowchart of an embodiment of
a method according to the present invention. In a first
step S10 the image data (video data) are obtained, e.g.
of the entire body of the subject, in different color chan-
nels. In step S12 visible skin areas are detected in the
image data. In step S 14 PPG imaging is performed for
the visible skin areas. For instance, a spatial map of PPG
amplitudes for some or each pixel of a skin ROl is ob-
tained from the image data. In step S16 ROls with the
strongest PPG pulsatility are detected, which ROls rep-
resent "virtual sensors", i.e. locations from which the sig-
nals will be used for further processing. In this step S16
information obtained from step S18, in which non-moving
ROIs are detected, is additionally used, i.e. only non-
moving ROls are generally used as "virtual sensors".
[0071] In step S20 PPG signals are acquired from all
detected ROls ("virtual sensors"). In step S22 the PPG
phase shift between two or more virtual sensors are an-
alyzed. The phase shift between PPG signals acquired
from various body parts will be used for calculation of
PTT, PWV and eventually for arterial stiffness estimation.
[0072] In step S24 the respiratory rate, spatial breath-
ing map and/or changes of the volume are analyzed.
Based on this information and the PPG signals obtained
in step S20 changes in the PPG morphology and SpO2
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are analyzed in step S26 depending on the respiration.
[0073] In step S28 the distance between detected
ROls is estimated. Based on the information from steps
S20 and S30 PTT, PWV and the speed of changes of
SpO2 between the detected ROls are calculated. Finally,
in step S32 blood pressure changes are estimated based
on the calculated PTT and PWV, for instance according
to a method as disclosed in J. Sola, St. Rimoldi, and Yves
Allemann, "Ambulatory monitoring of the cardiovascular
system: the role of Pulse Wave Velocity", in New Devel-
opments in Biomedical Engineering, |I-Tech Education
and Publishing, Vienna, Austria, ISBN
978-953-7619-57-1.

[0074] According to another aspect a device is pro-
posed for obtaining physiological information of the sub-
ject. Said device generally comprises all elements of the
device 12a shown in Fig. 2, except for the distance de-
termination unit 32. Further, the calculation unit 34 is con-
figured differently, namely to determine physiological in-
formation of the subject including one or more of diag-
nosis of diabetes, evaluation of local blood microcircula-
tion, analysis of changes of local blood perfusion by an-
alyzing PPG signals acquired from different body parts
of the subject. Multiple PPG signals extracted from dif-
ferent regions of interest are evaluated to perform a di-
agnosis of diabetes (e.g. by analyzing the difference in
phase and shape of two PPG signals acquired from both
feet or both legs), to monitor the local blood microcircu-
lation and local blood perfusion acquired.

[0075] In summary, the proposed device and method
allow estimating several vital signs from one video
stream, analyzing the differences in morphology and
temporal changes of those vital signs between several
parts of a body and estimating the local vascular char-
acteristics of different body parts at the same time. PTT
and PWYV are estimated from PPG signals acquired from
several body sites, selected preferably based on the
strength of PPG imaging and local motion information.
Further, changes of blood pressure can be evaluated
based on the estimated PWV.

[0076] Instead of combining various contact sensors
(ECG, PPG, respiration, etc.) as conventionally done,
the proposed device and method provide the same or
even more functionalities. The proposed device and
method thus do not just replace the functionalities of
ECG, PPG, etc. sensors, but provide a functionality
achieved currently only by a particular way of combina-
tion of those known sensors. For instance, currently, in
order to acquire PWV, two contact PPG sensors should
measure PPG signals synchronously and the analysis
system must know exactly the positions of those sensors,
measure the physical distance between sensors, etc. All
this is replaced by the signal processing provided in the
proposed device and method. By use of a (single) imag-
ing device (e.g. camera) several vital signs of different
physiological origin (PPG, breathing motion) can thus be
measured from multiple locations of a body, simultane-
ously with context information (body motion, distance be-
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tween ROIs), and signal processing can be applied to
extract derivative vital signs based on combined analysis
of measured physiological signals and context informa-
tion.

[0077] The proposed method and device can particu-
larly be used for quick evaluation (scan) of a cardiovas-
cular condition of a person by measuring multiple vital
signs from different parts of the body without a hassle to
attach several contact sensors and provide for their syn-
chronization. They can further be used either for a peri-
odic scan during ambulatory cardiovascular monitoring,
or for continuous monitoring to detect early deteriorations
and to reliably detect severe deteriorations of the per-
son’s condition (e.g. centralization).

[0078] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations 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 dis-
closure, and the appended claims.

[0079] 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 re-
cited 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.

[0080] A computer program may be stored or distrib-
uted 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.
[0081] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Device for obtaining pulse transit time and pulse
wave velocity information of a subject (14), compris-

ing

- an interface (22) configured to receive a set of
image frames (19) of a subject (14) acquired by
an imaging unit (18),

- a motion detection unit (24) configured to de-
tect motion of different body parts of the subject
(14),

- an ROl selection unit (26) configured to select
at least two regions of interest at body parts of
the subject (14) within said set of image frames
(19),

- a signal extraction unit (28) configured to ex-
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tract at least two photoplethysmographic, PPG,
signals from at least two selected regions of in-
terest from said set of image frames (19),
-amotion correction unit (30) configured to con-
trol said ROl selection unit to select only regions
of interest at substantially unmoved body parts
and/or to control said signal extraction unit to
extracta PPG signal only from regions of interest
at substantially unmoved body parts or to correct
PPG signals extracted from regions of interest
atmoving body parts, characterized in that the
device further comprises

- a distance determination unit (32) config-
ured to determine within an image frame the
physical distance between selected regions
of interest, and

- a calculation unit (34) configured to determine
pulse transit time and pulse wave velocity infor-
mation from the PPG signals extracted from dif-
ferent regions of interest and the respective de-
termined physical distance between the respec-
tive regions of interest.

Device as claimed in claim 1,

wherein said signal extraction unit (28) is configured
to select a plurality of regions of interest from a plu-
rality of different body parts of the subject,

wherein said signal extraction unit (28) is configured
to extract a plurality of PPG signals from said plurality
of selected regions of interest, and

wherein said calculation unit (34) is configured to
determine pulse transit time and pulse wave velocity
information from the PPG signals extracted from a
plurality of different regions of interest and the re-
spective determined physical distance between the
respective regions of interest.

Device as claimed in claim 2,

wherein said calculation unit (34) is configured to
determine afirst body map indicating the determined
pulse transit time and/or pulse wave velocity infor-
mation for the respective body parts.

Device as claimed in claim 1,

further comprising a vital signs determination unit
(36) for determining vital sign information from the
PPG signals extracted from one or more selected
regions of interest.

Device as claimed in claim 4,

wherein said vital signs determination unit (38) is
configured to determine the arterial blood oxygen
saturation at different body parts and determine a
second body map indicating the determined arterial
blood oxygen saturation for the respective body
parts.
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Device as claimed in claim 1,

further comprising a respiration determination unit
(38) for determining respiratory information, in par-
ticular respiration rate and/or changes of respiration
volume, of the subject (14) from said set of image
frames at selected regions of interest.

Device as claimed in claim 1,

wherein said ROl selection unit (26) is configured to
select regions of interest from which the strongest
and/or most reliable PPG signals can be extracted.

Device as claimed in claim 1,

wherein said calculation unit (34) is configured to
determine phase shifts between PPG signals ex-
tracted from different regions of interest and to de-
termine pulse transit time and pulse wave velocity
information from said phase shifts and the deter-
mined physical distance between the respective re-
gions of interest.

Device as claimed in claim 1,

further comprising a body posture detection unit (40)
for detecting the body posture of the subject (14),
wherein said calculation unit (34) is configured to
take the body posture into account in the determina-
tion of the pulse transit time and/or pulse wave ve-
locity information.

Device as claimed in claim 1, wherein said calcula-
tion unit (34) is configured to monitor said pulse tran-
sit time and/or pulse wave velocity information over
time.

Device as claimed in claim 1, wherein said calcula-
tion unit (34) is configured to determine changes in
blood pressure from the determined pulse transit
time and/or pulse wave velocity information and/or
to determine differences in pulse shapes between
PPG signals extracted from different regions of in-
terest.

Device as claimed in claim 1, further comprising an
imaging unit (18), in particular a camera, for acquir-
ing image frames (19) of a subject (14).

Method of obtaining pulse transit time and pulse
wave velocity information of a subject (14), compris-

ing

- receiving with an interface (22) a set of image
frames (19) of a subject (14) acquired by an im-
aging unit (18),

- detecting with a motion detection unit (24) mo-
tion of different body parts of the subject (14),
- selecting with a ROI selection unit (26) at least
two regions of interest at body parts of the sub-
ject (14) within said set of image frames (19),
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- extracting with a signal extraction unit (28) at
least two photoplethysmographic, PPG, signals
from at least two selected regions of interest
from said set of image frames (19),

- controlling with a motion correction unit (30)
said ROl selection unit (26) to select only regions
of interest at substantially unmoved body parts
and/or for controlling said signal extraction unit
(28) to extract a PPG signal only from regions
of interest at substantially unmoved body parts
or to correct PPG signals extracted from regions
of interest at moving body parts,

- determining with a distance determination unit
(32) the physical distance between selected re-
gions of interest within an image frame, and

- determining with a calculation unit (34) pulse
transit time and pulse wave velocity information
from the PPG signals extracted from different
regions of interest and the respective deter-
mined physical distance between the respective
regions of interest.

14. Computer program comprising program code means

adapted to cause the device according to any of
claims 1-12 to carry out the steps of the method as
claimed in claim 13 when said computer program is
carried out on the device.

Patentanspriiche

Vorrichtung zum Erhalt von Pulslaufzeiten und
Pulswellengeschwindigkeitsinformationen einer
Person (14), umfassend

- eine Schnittstelle (22), die konfiguriert ist, um
eine Reihe von Einzelbildern (19) einer Person
(14) zu empfangen, die durch eine Bildgebungs-
einheit (18) erfasst wurden,

- eine Bewegungsdetektionseinheit (24), die
konfiguriert ist, um Bewegung von verschiede-
nen Korperteilen der Person (14) zu detektieren,
- eine ROI-Auswahleinheit (26), die konfiguriert
ist, um mindestens zwei interessierende Regi-
onen bei Kérperteilen der Person (14) in der ge-
nannten Reihe von Einzelbildern (19) auszu-
wahlen,

- eine Signalextraktionseinheit (28), die konfigu-
riert ist, um mindestens zwei photoplethysmo-
graphische, PPG, Signale aus mindestens zwei
ausgewahlten interessierenden Regionen aus
der genannten Reihe von Einzelbildern (19) zu
extrahieren,

- eine Bewegungskorrektureinheit (30), die kon-
figuriert ist, um die genannte ROI-Auswahlein-
heit zu steuern, nur interessierende Regionen
bei im Wesentlichen unbewegten Koérperteilen
auszuwahlen und/oder um die genannte Signa-
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lextraktionseinheit zu steuern, ein PPG-Signal
nur aus interessierenden Regionen bei im We-
sentlichen unbewegten Korperteilen zu extra-
hieren oder aus interessierenden Regionen bei
sich bewegenden Kérperteilen extrahierte PPG-
Signale zu korrigieren,

dadurch gekennzeichnet, dass die Vorrichtung
weiterhin Folgendes umfasst:

- eine Abstandsermittlungseinheit (32), die kon-
figuriertist, um in einem Einzelbild den physika-
lischen Abstand zwischen ausgewahlten inter-
essierenden Regionen zu ermitteln, und

- eine Berechnungseinheit (34), die konfiguriert
ist, um Pulslaufzeiten und Pulswellengeschwin-
digkeitsinformationen anhand der aus verschie-
denen interessierenden Regionen extrahierten
PPG-Signale und dem jeweiligen ermittelten
physikalischen Abstand zwischen den jeweili-
gen interessierenden Regionen zu ermitteln.

Vorrichtung nach Anspruch 1,

wobei die genannte Signalextraktionseinheit (28)
konfiguriert ist, um eine Vielzahl von interessieren-
den Regionen aus einer Vielzahl von unterschiedli-
chen Korperteilen der Person auszuwahlen,

wobei die genannte Signalextraktionseinheit (28)
konfiguriert ist, um eine Vielzahl von PPG-Signalen
aus der genannten Vielzahl von ausgewahlten inte-
ressierenden Regionen zu extrahieren, und

wobei die genannte Berechnungseinheit (34) konfi-
guriert ist, um Pulslaufzeiten und Pulswellenge-
schwindigkeitsinformationen anhand der aus einer
Vielzahl von verschiedenen interessierenden Regi-
onen extrahierten PPG-Signale und dem jeweiligen
ermittelten physikalischen Abstand zwischen den je-
weiligen Regionen zu ermitteln.

Vorrichtung nach Anspruch 2,

wobei die genannte Berechnungseinheit (34) konfi-
guriert ist, um eine erste Kdrperkarte zu ermitteln,
die die ermittelten Pulslaufzeiten und/oder
Pulswellengeschwindigkeitsinformationen fur die je-
weiligen Korperteile angibt.

Vorrichtung nach Anspruch 1,

weiterhin umfassend eine Vitalparameter-Ermitt-
lungseinheit (36) zum Ermitteln von Vitalparamete-
rinformationen anhand der aus einer oder mehreren
ausgewahlten interessierenden Regionen extrahier-
ten PPG-Signale.

Vorrichtung nach Anspruch 4,

wobei die genannte Vitalparameter-Ermittlungsein-
heit (38) konfiguriert ist, um die arterielle Blutsauer-
stoffsattigung bei verschiedenen Korperteilen zu er-
mitteln und eine zweite Korperkarte zu ermitteln, die
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die ermittelte arterielle Blutsauerstoffsattigung fir
die jeweiligen Korperteile angibt.

Vorrichtung nach Anspruch 1,

weiterhin umfassend eine Atmungsermittlungsein-
heit (38) zum Ermitteln von Atmungsinformationen
der Person (14), insbesondere der Atmungsrate
und/oder von Anderungen des Atemvolumens, an-
hand der genannten Reihe von Einzelbildern bei
ausgewahlten interessierenden Regionen.

Vorrichtung nach Anspruch 1,

wobei die genannte ROI-Auswahleinheit (26) konfi-
guriert ist, um interessierende Regionen auszuwah-
len, aus denen die starksten und/oder zuverlassigs-
ten PPG-Signale extrahiert werden kénnen.

Vorrichtung nach Anspruch 1,

wobei die genannte Berechnungseinheit (34) konfi-
guriertist, um Phasenverschiebungen zwischen den
aus verschiedenen interessierenden Regionen ex-
trahierten PPG-Signalen zu ermitteln und Pulslauf-
zeiten und Pulswellengeschwindigkeitsinformatio-
nen anhand der genannten Phasenverschiebungen
und des ermittelten physikalischen Abstands zwi-
schen den jeweiligen interessierenden Regionen zu
ermitteln.

Vorrichtung nach Anspruch 1,

weiterhin umfassend eine Korperhaltungsdetekti-
onseinheit (40) zum Detektieren der Korperhaltung
der Person (14),

wobei die genannte Berechnungseinheit (34) konfi-
guriert ist, um die Kérperhaltung bei der Ermittlung
der Pulslaufzeiten und/oder der Pulswellenge-
schwindigkeitsinformationen zu bertcksichtigen.

Vorrichtung nach Anspruch 1,
wobei die genannte Berechnungseinheit (34) konfi-
guriert ist, um die genannten Pulslaufzeiten
und/oder Pulswellengeschwindigkeitsinformationen
Uber die Zeit zu Giberwachen.

Vorrichtung nach Anspruch 1,

wobei die genannte Berechnungseinheit (34) konfi-
guriert ist, um Blutdruck&dnderungen anhand der er-
mittelten Pulslaufzeiten und/oder Pulswellenge-
schwindigkeitsinformationen zu ermitteln und/oder
um Pulsformunterschiede zwischen den aus ver-
schiedeneninteressierenden Regionen extrahierten
PPG-Signalen zu ermitteln.

Vorrichtung nach Anspruch 1,

weiterhin umfassend eine Bildgebungseinheit (18),
insbesondere eine Kamera, zum Erfassen von Ein-
zelbildern (19) einer Person (14).

Verfahren zum Erhalt von Pulslaufzeiten und
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Pulswellengeschwindigkeitsinformationen einer

Person (14), umfassend

- Empfangen, mit einer Schnittstelle (22), einer
Reihe von Einzelbildern (19) einer Person (14),
die durch eine Bildgebungseinheit (18) erfasst
wurden,

- Detektieren, mit einer Bewegungsdetektions-
einheit (24), von Bewegung von verschiedenen
Korperteilen der Person (14),

- Auswahlen, miteiner ROI-Auswahleinheit (26),
von mindestens zwei interessierenden Regio-
nen bei Koérperteilen der Person (14) in der ge-
nannten Reihe von Einzelbildern (19),

- Extrahieren, mit einer Signalextraktionseinheit
(28), von mindestens zwei photoplethysmogra-
phische, PPG, Signale aus mindestens zwei
ausgewahlten interessierenden Regionen aus
der genannten Reihe von Einzelbildern (19),

- Steuern, mit einer Bewegungskorrektureinheit
(30), der genannten ROI-Auswahleinheit (26),
um nur interessierende Regionen bei im We-
sentlichen unbewegten Kérperteilen auszuwah-
len und/oder um die genannte Signalextrakti-
onseinheit (28) zu steuern, ein PPG-Signal nur
aus interessierenden Regionen bei im Wesent-
lichen unbewegten Kérperteilen zu extrahieren
oder aus interessierenden Regionen bei sich
bewegenden Kérperteilen extrahierte PPG-Sig-
nale zu korrigieren,

- Ermitteln, mit einer Abstandsermittlungsein-
heit (32), des physikalischen Abstands zwi-
schen ausgewahlten interessierenden Regio-
nen in einem Einzelbild, und

- Ermitteln, mit einer Berechnungseinheit (34),
von Pulslaufzeiten und Pulswellengeschwindig-
keitsinformationen anhand der aus verschiede-
nen interessierenden Regionen extrahierten
PPG-Signale und dem jeweiligen ermittelten
physikalischen Abstand zwischen den jeweili-
gen interessierenden Regionen.

14. Computerprogramm umfassend Programmcode-

mittel, die daflir ausgelegt sind, die Vorrichtung nach
einem der Anspriiche 1 bis 12 zu veranlassen, die
Schritte des Verfahrens nach Anspruch 13 durchzu-
fuhren, wenn das Computerprogramm auf der Vor-
richtung ausgefiihrt wird.

Revendications

Dispositif d’obtention d’informations de temps de
transit d'impulsion et de vitesse d’onde d'impulsion
d’un sujet (14), comprenant :

- une interface (22) configurée pour recevoir un
ensemble de trames d’image (19) d’'un sujet (14)
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acquises par une unité d’'imagerie (18),

-une unité de détection de mouvement (24) con-
figurée pour détecter un mouvement de diffe-
rentes parties de corps du sujet (14),

- une unité de sélection de ROI (26) configurée
pour sélectionner au moins deux régions d’inté-
rét, ROI, a des parties de corps du sujet (14) a
lintérieur dudit ensemble de trames d’image
(19),

- une unité d’extraction de signal (28) configurée
pour extraire au moins deux signaux photoplé-
thysmographiques, PPG, d’au moins deux ré-
gions d’intérét sélectionnées parmiledit ensem-
ble de trames d’image (19),

- une unité de correction de mouvement (30)
configurée pour commander a ladite unité de
sélection de ROI de ne sélectionner que des ré-
gions d’intérét a des parties de corps sensible-
ment immobiles et/ou pour commander a ladite
unité d’extraction de signal de n’extraire un si-
gnal PPG que de régions d’intérét a des parties
de corps sensiblementimmobiles ou de corriger
des signaux PPG extraits de régions d’intérét a
des parties de corps en mouvement,

caractérisé en ce que le dispositif comprend en
outre :

- une unité de détermination de distance (32)
configurée pour déterminer, a l'intérieur d’'une
trame d’image, la distance physique entre des
régions d’intérét sélectionnées, et

- une unité de calcul (34) configurée pour déter-
miner des informations de temps de transit d’im-
pulsion et de vitesse d’'onde d'impulsion a partir
des signaux PPG extraits de différentes régions
d’intérét et de la distance physique déterminée
respective entre les régions d’'intérét respecti-
ves.

Dispositif selon la revendication 1,

dans lequel ladite unité d’extraction de signal (28)
est configurée pour sélectionner une pluralité de ré-
gions d’intérét parmi une pluralité de différentes par-
ties de corps du sujet,

dans lequel ladite unité d’extraction de signal (28)
est configurée pour extraire une pluralité de signaux
PPG de ladite pluralité de régions d’intérét sélection-
nées, et

dans lequel ladite unité de calcul (34) est configurée
pour déterminer des informations de temps de transit
d’impulsion et de vitesse d’'onde d’impulsion a partir
des signaux PPG extraits d’'une pluralité de différen-
tes régions d'intérét et de la distance physique dé-
terminée respective entre les régions d’intérét res-
pectives.

Dispositif selon la revendication 2,
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dans lequel ladite unité de calcul (34) est configurée
pour déterminer une premiére cartographie de corps
indiquant les informations de temps de transit d'im-
pulsion et/ou de vitesse d’onde d’impulsion détermi-
nées pour les parties de corps respectives.

Dispositif selon la revendication 1,

comprenant en outre une unité de détermination de
signes vitaux (36) pour déterminer des informations
de signes vitaux a partir des signaux PPG extraits
d’une ou plusieurs régions d’intérét sélectionnées.

Dispositif selon la revendication 4,

dans lequel ladite unité de détermination de signes
vitaux (38) est configurée pour déterminer la satu-
ration d’oxygéne de sang artériel a différentes par-
ties de corps et pour déterminer une deuxiéme car-
tographie de corps indiquant la saturation d’oxygéne
de sang artériel déterminée pour les parties de corps
respectives.

Dispositif selon la revendication 1,

comprenant en outre une unité de détermination de
respiration (38) pour déterminer des informations
respiratoires, en particulier un rythme respiratoire
et/ou des changements de volume respiratoire, du
sujet (14) a partir dudit ensemble de trames d'image
a des régions d’intérét sélectionnées.

Dispositif selon la revendication 1,

dans lequel ladite unité de sélection de ROI (26) est
configurée pour sélectionner des régions d’'intérét
desquelles les signaux PPG les plus forts et/ou les
plus fiables peuvent étre extraits.

Dispositif selon la revendication 1,

dans lequel ladite unité de calcul (34) est configurée
pour déterminer des décalages de phase entre des
signaux PPG extraits de différentes régions d’intérét
et pour déterminer des informations de temps de
transit d’'impulsion et des informations de vitesse
d’'onde d'impulsion a partir desdits décalages de
phase et de la distance physique déterminée entre
les régions d’intérét respectives.

Dispositif selon la revendication 1,

comprenant en outre une unité de détection de pos-
ture de corps (40) pour détecter la posture de corps
du sujet (14),

dans lequel ladite unité de calcul (34) est configurée
pour tenir compte de la posture de corps dans la
détermination des informations de temps de transit
d’'impulsion et/ou de vitesse d’onde d’impulsion.

Dispositif selon la revendication 1,

dans lequel ladite unité de calcul (34) est configurée
pour surveiller lesdites informations de temps de
transit d'impulsion et/ou de vitesse d’onde d’impul-
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sion au fil du temps.

Dispositif selon la revendication 1,

dans lequel ladite unité de calcul (34) est configurée
pour déterminer des changements de pression ar-
térielle a partir des informations de temps de transit
d’'impulsion et/ou de vitesse d’onde d’impulsion dé-
terminées et/ou pour déterminer des différences de
formes d’onde entre des signaux PPG extraits de
différentes régions d’intérét.

Dispositif selon la revendication 1,

comprenant en outre une unité d'imagerie (18), en
particulier une caméra, pour acquérir des trames
d’'image (19) d’un sujet (14).

Procédé d'obtention d’informations de temps de
transit d'impulsion et de vitesse d’onde d’impulsion
d’'un sujet (14), comprenant :

- la réception, avec une interface (22), d'un en-
semble de trames d’'image (19) d’'un sujet (14)
acquises par une unité d’'imagerie (18),

- la détection, avec une unité de détection de
mouvement (24), d’'un mouvement de différen-
tes parties de corps du sujet (14),

- la sélection, avec une unité de sélection de
ROI (26), d’au moins deux régions d’intérét,
ROI, a des parties de corps du sujet (14) a I'in-
térieur dudit ensemble de trames d’'image (19),
- I'extraction, avec une unité d’extraction de si-
gnal (28), d’'au moins deux signaux photoplé-
thysmographiques, PPG, d’au moins deux ré-
gions d’intérét sélectionnées parmiledit ensem-
ble de trames d’image (19),

-la commande, avec une unité de correction de
mouvement (30), a ladite unité de sélection de
ROI (26) de ne sélectionner que des régions
d’'intérét a des parties de corps sensiblement
immobiles et/ou la commande a ladite unité
d’extraction de signal (28) de n’extraire un signal
PPG que de régions d’intérét a des parties de
corps sensiblement immobiles ou de corriger
des signaux PPG extraits de régions d’intérét a
des parties de corps en mouvement,

- la détermination, avec une unité de détermi-
nation de distance (32) de la distance physique
entre des régions d’intérét sélectionnées a I'in-
térieur d'une trame d’image, et

- la détermination, avec une unité de calcul (34),
d’'informations de temps de transit d'impulsion
et de vitesse d’onde d’impulsion a partir des si-
gnaux PPG extraits de différentes régions d'in-
térét et de la distance physique déterminée res-
pective entre les régions d’intérét respectives.

14. Programme informatique comprenant des moyens

de code de programme aptes a amener le dispositif
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selon 'une quelconque des revendications 1 a 12 a
effectuer les étapes du procédé selon la revendica-
tion 13 lorsque ledit programme informatique est
exécuté sur le dispositif.
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