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(7) ABSTRACT

The present invention relates to device, system and method
for unobtrusively and reliably detecting apnoea of a subject
(2). The proposed device comprises an input unit (11) for
receiving image data of subject, said image data including a
sequence of images over time, a cardiac activity extraction
unit (12) for extracting from said image data a cardiac
activity signal representing the subject’s cardiac activity
from a skin area of the subject using remote photoplethys-
mography, a motion signal extraction unit (14) for extracting
from said image data a motion signal representing motion of
a subject’s body part caused by breathing of the subject, an
analysis unit (16) for determining the similarity between
said cardiac activity signal and said motion signal, and an
decision unit (18) for detecting apnoea of the subject based
on the determined similarity.
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DEVICE, SYSTEM AND METHOD FOR
DETECTING APNOEA OF A SUBJECT

FIELD OF THE INVENTION

[0001] The present invention relates to a device and sys-
tem for detecting apnoea of a subject, such as a person or
animal. The present invention relates further to a method for
detecting information allowing the detection of apnoea of a
subject and to a computer program for implementing said
method on a computer.

BACKGROUND OF THE INVENTION

[0002] Vital signs of a person, for example the heart rate
(HR) or respiratory information (respiratory parameters)
such as the respiratory rate (RR), can serve as a powerful
predictor of serious medical events. For this reason the
respiratory rate and/or the heart rate are often monitored
online in intensive care units or in daily spot checks in the
general ward of a hospital. Besides the heart rate, the
respiratory rate is one of the most important vital signs.
Both, the HR and the RR are still difficult to measure without
having direct body contact. In present intensive care units,
thorax impedance plethysmography or the respiratory induc-
tive plethysmography are still the methods of choice for
measuring the RR, wherein typically two breathing bands
are used in order to distinguish thorax and abdominal
breathing motion of a person. The HR is typically measured
by use of electrodes, fixed at the chest of the subject,
wherein the electrodes are connected to remote devices
through cables. However, these obtrusive methods are
uncomfortable and unpleasant for the patient being
observed.

[0003] Moreover, unobtrusive respiratory rate measure-
ments can be accomplished optically by use of a stationary
video camera. A video camera captures the breathing move-
ments of a patient’s chest in a stream of images. The
breathing movements lead to a temporal modulation of
certain image features, wherein the frequency of the modu-
lation corresponds to the respiratory rate of the patient
monitored. Examples of such image features are the average
amplitude in a spatial region of interest located around the
patient’s chest, or the location of the maximum of the spatial
cross correlation of the region of interest in subsequent
images.

[0004] Further, one or more video cameras are used for
unobtrusively monitoring the HR, the RR or other vital signs
of a subject by use of remote photoplethysmographic imag-
ing. Remote photoplethysmographic imaging is, for
instance, described in Wim Verkruysse, Lars O. Svaasand,
and J. Stuart Nelson, “Remote plethysmographic imaging
using ambient light”, Optics Express, Vol. 16, No. 26,
December 2008. It is based on the principle that temporal
variations in blood volume in the skin lead to variations in
light absorptions by the skin. Such variations can be regis-
tered by a video camera that takes images of a skin area, e.g.
the face, while the pixel average over a selected region
(typically part of the cheek in this system) is calculated. By
looking at periodic variations of this average signal, the
heart rate and respiratory rate can be extracted. There are
meanwhile a number of further publications and patent
applications that describe details of devices and methods for
obtaining vital signs of a patient by use of remote PPG.

May 4, 2017

[0005] Thus, the pulsation of arterial blood causes changes
in light absorption. Those changes observed with a photo-
detector (or an array of photodetectors) form a PPG (photo-
plethysmography) signal (also called, among other, a pleth
wave). Pulsation of the blood is caused by the beating heart,
i.e. peaks in the PPG signal correspond to the individual
beats of the heart. Therefore, a PPG signal is a heart rate
signal in itself. The normalized amplitude of this signal is
different for different wavelengths, and for some wave-
lengths it is also a function of blood oxygenation or other
substances found in blood or tissue.

[0006] With respect to camera based systems, a superpo-
sition of vital sign signals, such as a respiratory rate signal
superimposed by a heart rate signal or vice versa, adversely
affect the determination of respiratory information. Such a
superposition of vital signs can e.g. be measured, when a
camera system observes the thorax motion of a subject,
wherein the thorax motion due to breathing is superimposed
by movements related to heart rate signals, so-called cardiac
seismograms. These superimposed signals can have a com-
parable magnitude and even a comparable frequency. This
might lead to dangerous situations, in particular during a
period without breathing. Errors can occur that are related to
the superimposed heart rate signal, which could give the
impression that a respiratory rate is detected, in which an
apnoea phase is present.

[0007] Episodes of apnoea often appear in premature
babies as well as in adult population suffering from sleep
related diseases. The common manner to monitor apnoea
consists in placing contact sensors, in a rather obtrusive way,
to the patient. These ranges from nasal thermocouples,
respiratory effort belt transducer, piezoelectric transducer,
optical sensor and electrocardiography ECG. Next to being
really obtrusive these sensors are also prone to wrong
measurement as some implementation cannot distinguish
breathing from motion and most require calibration.

[0008] Jae Hyuk Shin et al.: “Nonconstrained Sleep Moni-
toring System and Algorithms using Air-Mattress with Bal-
ancing Tube Method”, IEEE Transactions on information
technology in biomedicine, IEEE Service Center, Los
Alamitos, Calif., US, vol. 14, no. 1, 1 January 2010 (2010-
01-01), pages 147-156 discloses a bed-type sensor system
using the air-mattress with balancing tube (AMBT) method
to non-invasively monitor the signals of heartbeat, respira-
tion, and events of snoring, sleep apnea and body movement
of subject on the system. The proposed system consists of
multiple cylindrical air cells, two sensor cells and 18 support
cells. Small physiological signals are measured by the
changes in pressure difference between the sensor cells, and
the DC component was removed by balancing tube that is
connecting the sensor cells. Using the AMBT method heart-
beat, respiration, snoring, and body movement signals were
clearly measured.

[0009] EP 0 072 601 Al discloses a respiration monitor
and x-ray trigger apparatus wherein analog respiration sig-
nals are amplified and divided into respiratory and heartbeat
components. A trigger signal is selectively generated to the
x-ray machine just prior to occurrence of a selected respi-
ration extrema. Apnea alarms are generated if a predeter-
mined decrease in respiration rate is detected in successive
periods in conjunction with a predetermined number of
decelerating heartbeats. An alarm is also generated if the
respiration and heart rates are equal for a predetermined
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number of periods or if the respiration or heart rates stray
outside of preset threshold values.

SUMMARY OF THE INVENTION

[0010] It is an object of the invention to provide a device
and system for detecting apnoea of a subject and a method
for detecting information allowing the detection of apnoea
of a subject that unobtrusively allow a better accuracy and
reliability of the detection while improving the comfort of
subject.

[0011] In an aspect of the present invention a device for
obtaining vital sign information of a subject is presented,
said device comprising:

[0012] an input unit for receiving image data of subject,
said image data including a sequence of images over time,
[0013] a cardiac activity extraction unit for extracting
from said image data a cardiac activity signal representing
the subject’s cardiac activity from a skin area of the subject
using remote photoplethvsmography,

[0014] a motion signal extraction unit for extracting from
said image data a motion signal representing motion of a
subject’s body part caused by breathing of the subject,
[0015] an analysis unit for determining the similarity
between said cardiac activity signal and said motion signal,
and

[0016] an decision unit for detecting apnoea of the subject
based on the determined similarity.

[0017] In another aspect of the present invention, a system
for detecting apnoea of a subject is presented, said system
comptising:

[0018] an imaging unit for acquiring image data of sub-
ject, said image data including a sequence of images over
time, and

[0019] a device as claimed in claim 1 for detecting apnoea
of a subject based on the acquired image data.

[0020] In another aspect of the present invention, a
method for detecting information allowing the detection of
apnoea of a subject is presented, said method comprising:
[0021] receiving image data of subject, said image data
including a sequence of images over time,

[0022] extracting from said image data a cardiac activity
signal representing the subject’s cardiac activity from a skin
area of the subject using remote photoplethysmography,
[0023] extracting from said image data a motion signal
representing motion of a subject’s body part caused by
breathing of the subject,

[0024] determining the similarity between said cardiac
activity signal and said motion signal, said similarity allow-
ing the detection of apnoea of the subject.

[0025] 1Inyet further aspects of the present invention, there
are provided a computer program which comptises program
code means for causing a computer to perform the steps of
the method disclosed herein when said computer 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
computer, causes the method disclosed herein to be pet-
formed.

[0026] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method, system, computer program and medium
have similar and/or identical preferred embodiments as the
claimed device and as defined in the dependent claims.
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[0027] The present invention is based on the idea to detect
apneoa, in particular central apnoea, by use of image data
obtained by an image sensor, such as a video camera, and an
analysis of the similarity between motion-induced vital signs
(in particular breathing rate and heart rate) captured from a
measurement area, such as the torso (e.g. chest and/or belly
area), that reflects motion of a subject’s body part caused by
breathing of the subject and another measurement area
containing visible skin, such as e.g. the cheeks or the
forchead, that reflects colour-changes induced vital signs
caused by pulsation of blood and captured using the remote
PPG technology.

[0028] An advantage of the proposed idea is that it enables
a fully unobtrusive monitoring of apnoea. It provides full
comfort to the patient by being completely non-intrusive.
The advanced algorithms used allow for an accuracy
enabling applications in hospital settings where low false
detection 1s guaranteed by excluding movement artefact
from the vital signs based on the analysis of the image
content.

[0029] The skin area is typically a region of the body
having a good blood circulation. From such a skin area a
heart rate signal can be extracted, related to the heart rate of
the subject observed, in particular using a method well-
known in the art in the field of remote photo-plethysmog-
raphy (PPG). These known methods can comprise the analy-
sis of subtle color changes of the skin regions of the person,
wherein these subtle color changes are related to the heart
rate. Such methods are known in the art and are commonly
used for e.g. extracting heart rate information of a person
from PPG signals.

[0030] The subject’s body part from which a motion signal
1s obtained allowing the extraction of a motion signal related
to the respiratory rate information of the subject is typically
the chest or belly area of the person, but may also be the nose
or even other areas of the body of the subject, where
respiratory motion can be detected.

[0031] The term “vital sign” as used in the context of the
present invention refers to a physiological parameter of a
subject (i.e. a living being) and derivative parameters. In
particular, the term “vital sign” comprises blood volume
pulse-signal, heart rate (HR) (sometimes also called pulse
rate), heart rate variability (pulse rate variability), pulsatility
strength, perfusion, perfusion indicator, perfusion variabil-
ity, Traube Hering Mayer waves, respiratory rate (RR), skin
temperature, blood pressure, a concentration of a substance
in blood and/or tissue, such as (arterial) blood oxygen
saturation or glucose level. Furthermore, “vital sign” gen-
erally includes health indications obtained from the shape of
the PPG signal (e.g. shape may say something about partial
arterial blockage (e.g. shape obtained from PPG signals of
the hand gets more sinusoidal when applying a blood-
pressure cuff on the arm), or about the skin thickness (e.g.
a PPG signal from the face is different than from the hand),
or maybe even about the temperature, etc.).

[0032] 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, cor-
responding waveform traces or data referring to a physi-
ological parameter of a time that can serve for subsequent
analysis.

[0033] In a preferred embodiment the analysis unit is
configured to determine a similarity measure representing
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said similarity and the decision unit is configured to detect
apnoea by comparing said similarity measure against a
predetermined threshold and/or earlier determined similarity
measures. By this comparison a quick and simple way
information whether or not there is a sleep apnoea or a risk
of a sleep apoea can be obtained. For instance, from simi-
larity measures obtained earlier for the same subject a
reliable decision can be made, e.g. if the device is configured
as self-learning device.

[0034] Various measures may be obtained for use a simi-
larity measures. In one embodiment the analysis unit is
configured to determine the similarity by determining the
correlation between said cardiac activity signal and said
motion signal over a time window. During an apnoea the
correlation between the two signals will be significantly
larger than during the absence of an apnoea so that the
correlation is useable as reliable similiarity measure. For this
purpose, for instance a Pearson’s correlation coeflicient of
two variables X & Y=Corr(X,Y)=Covariance(X,Y)/(std(X)
*std(Y)) may be used.

[0035] In another embodiment the analysis unit is config-
ured to determine the similarity by comparing fundamental
frequencies present in said cardiac activity signal and said
motion signal. During an apnoea the motion signal will
mainly show a fundamental frequency at the heart rate of the
subject while in the absence of apnoea the motion signal will
show a fundamental frequency at the heart rate and at the
breathing rate.

[0036] Ina further embodiment exploiting this the analysis
unit is configured to determine the similarity by determining
the Euclidian distance between the fundamental frequencies,
the ratio between the fundamental frequencies and/or the
energy ratio of the fundamental frequencies, in particular at
the heart rate frequency.

[0037] Preferably, the proposed device further comprises a
movement detection unit for detecting movement of at least
a part of the subject by use of said image data, wherein the
decision unit is configured to take detected movement into
account in the detection of apnoea of the subject based on
the determined similarity. The detected movement informa-
tion may thereby characterize a body part or the complete
body of the subject. Since such movements may negatively
influence the detection of apnoea the movement information
is preferably used to ignore or correct measurements of the
cardiac activity signal and the motion signal. Since the
movement information is obtained from the image data, e.g.
by use of commonly known motion detection algorithms, no
separate sensors are required according to this embodiment.
[0038] In an alternative embodiment the input unit is
configured to receive movement information representing
movement of at least a part of the subject, wherein the
decision unit is configured to take the received movement
information into account in the detection of apnoea of the
subject based on the determined similarity. For detecting
such movements various embodiments exist. For instance,
body sensors (such as accelerators) or sensors external to the
body (such as pressure sensors or capacitive sensors in a
mattress) may be used for this purpose as conventionally
known.

[0039] Preferably, in an embodiment the device comprises
a measurement area detection unit for detecting in said
image data a skin area for extraction of said cardiac activity
signal and/or a body part area for extraction of said motion
signal. Preferably, said detection is performed by means of

May 4, 2017

image segmentation and/or object detection. Alternatively, a
user may indicate in an image the respective areas, e.g. by
use of a pointer or computer mouse.

[0040] Preferably, said system comprises an imaging unit,
such as a single camera (e.g. a webcam or a video camera)
for detecting electromagnetic radiation at least in the visible
and/or infrared spectral range. When observing the subject,
vital sign signals, especially the heart rate signal and the
signal related to respiratory information, can be derived
from slight variations in the radiation emitted, e.g. infrared
light, and/or reflected e.g. visible light. For everyday appli-
cations it could be appreciated if mainly visible light is
detected and analysed. For an application during a sleep
period of the person, wherein the ambient light conditions
are quite poor, it could also be advantageous to detect
infrared light emitted or reflected from the person. To this
end, besides common natural or artificial light sources no
further radiation sources are required and/or have to be
considered during analysis.

[0041] Preferably, the imaging unit (e.g. the camera) com-
prises a field of view covering both the skin area of the
subject and the body portion of the subject. By way of
example, the field of view of the camera can be adjusted
such that the chest of the subject and the face of the subject
are covered by the field of view of the camera. The image is
typically acquired by an image sensor comprising a plurality
of pixels arranged in a two-dimensional matrix. To clearly
distinguish the skin portion from the body portion, spatially
separated detection windows can be defined to clearly
distinguish both portions from one another.

[0042] According to another embodiment of the present
invention the device further comprises a user interface for
entering information allowing for selecting and/or predefin-
ing the skin area and/or the body part. It is to be understood
that the user can on the one hand manually predefine the
field of view of the imaging unit or the analysis unit such,
that the chest and the face of the person are enclosed within
the field of view. This is a rough estimation, since the
parameters related to the subject can vary over time, by way
of example, when the person moves or the person is at least
partially covered with cloth or a blanket. On the other hand
the field of view of the imaging unit can be adapted
automatically to have an optimized aspect ratio between the
portions that shall be observed and the background. For this
purpose, the subject may carry one or more markers or
orientation indicators detectable by the camera allowing for
adapting the field of view in an optimized manner. By way
of example, in a hospital the marker or the orientation
indicator is typically attached to the body, especially at the
skin portion or at the body portion of a patient, which are to
be observed. Therefore, the device can be adapted to find
these markers, and adapt the field of view in a way that both,
the skin area and the body part, are well-positioned within
the field of view.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter. In the following drawings

[0044] FIG. 1 shows a first exemplary embodiment of a
device and system for detecting apnoea of a subject accord-
ing to the present invention,
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[0045] FIG. 2 shows a schematic diagram of a second
exemplary embodiment of a device and system for detecting
apnoea of a subject according to the present invention,
[0046] FIG. 3 shows diagrams of a cardiac signal and of
a motion signal as used according to the present invention,
[0047] FIG. 4 shows diagrams of correlation signals used
in an embodiment of the present invention, and

[0048] FIG. 5 shows a diagram of an energy signal used in
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0049] FIG. 1 shows a first exemplary embodiment of a
device 10 and a system 1 for detecting apnoea of a subject
2 (here a person, e.g. a patient in a hospital or an elderly
person in a care environment) according to the present
invention. In this embodiment the subject 2 lies in a bed 3.
Besides the device 10 the system 1 comprises an imaging
unit 20, e.g. a camera, for acquiring image data 21 of the
subject 2, said image data including a sequence of images
over time, based on which the device 10 detects apnoea of
the subject 2.

[0050] The device 10 comprises an input unit 11 for
receiving the image data of the subject 2, either directly and
on the fly from the imaging unit 20. A cardiac activity
extraction unit 12 is provided for extracting from said image
data 21 a cardiac activity signal 13 representing the subject’s
cardiac activity from a skin area 22 of the subject 2 using
remote photoplethysmography. A motion signal extraction
unit 14 for extracting from said image data 21 a motion
signal 15 representing motion of a subject’s body part 24,
e.g. the chest 23 within a body area 23 or the belly, caused
by breathing of the subject 2. An analysis unit 16 for
determining the similarity 17 between said cardiac activity
signal 13 and said motion signal 15. Finally, a decision unit
18 detects apnoea of the subject 2 based on the determined
similarity 17 and e.g. issues a corresponding signal 19, e.g.
a warning to a nurse or a control monitor, if there is a certain
(e.g. predetermined) likelihood of an apnoea.

[0051] Some or all elements of the device 10 can be
implemented by separate elements (e.g. processors or soft-
ware functions), but can also be represented and imple-
mented by a common element, e.g. a common processing
apparatus or a common software carried out by a processor
or computer.

[0052] FIG. 2 shows a schematic diagram of a second
exemplary embodiment of a device 10 and system 1' for
detecting apnoea of a subject 2 according to the present
invention. Identical elements as depicted in FIG. 1 are given
the same reference numbers. The imaging unit 20 may also
be referred to as acquisition module to capture visual
information about a patient, such as the above mentioned
image data 21. A measurement area detection unit 30, 31 per
subsequent processing path receives the image data 21 (i.e.
acts as input unit) and determines at least one measurement
area per processing path (i.e. per vital sign of interest). In
particular, a skin area 22 is detected by the measurement
area detection unit 30 for extracting a cardiac activity signal
13 from it and a body area 23 is detected by the measurement
area detection unit 31 for extracting a motion signal 15. The
respective signals 13, 15 are then extracted from the respec-
tive areas detected within the image data by use of the
cardiac activity extraction unit 12 and the motion signal
extraction unit 14. The analysis unit 16 compares the simi-
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larity of the extracted cardiac activity signal 13 and the
extracted motion signal 15, e.g. to generate a similarity value
or any other similarity measure 17 so that finally the decision
unit 18 can characterize the status of an apnoea event and
issue a corresponding information signal 19.

[0053] An optional movement detection unit 32 is pro-
vided that detects movement of at least a part of the subject
2 by use of said image data. The detected movement
information 33 is then provided to the decision unit 18 to
improve the characterization of an apnoea event, e.g. to
assess the quality of a measurement.

[0054] It shall be noted that the skin area 22 and the body
area 23 are generally detected within the same image data.
In other embodiments, however, there are separate streams
of image data, e.g. acquired by different cameras. Further,
instead of automatic detection of these areas 22 and 23, a
manual detection, e.g. by a user through an input device such
as a pointer or computer mouse, may be applied as well.
[0055] In the following details of the steps applied in the
units of the proposed device will be explained.

[0056] The imaging unit 20 comprises at least one image
sensor sensitive to at least one wavelength characterized in
the visible or near-infrared part of the light spectrum.
Depending on the embodiment, the imaging unit 20 also
includes an illumination source at the wavelength of interest.
The image acquisition is preferably performed at a minimum
rate of 7 Hz (minimum sampling rate required according to
Nyquiyst for heart rate extraction).

[0057] The measurement area detection unit 30 detects a
measurement area from which the cardiac activity (i.e. heart
rate related information) can be extracted by use of remote
PPG technology. The measurement area used for this is
focused mainly at the skin of the subject, preferably located
on the facial area which provides the strongest PPG signal
for heart rate extraction.

[0058] To detect this measurement area various options
exist. For instance, in an embodiment automatic skin detec-
tion is applied where several wavelengths are used. This
embodiment can range from using the native RGB wave-
lengths (color channels) of the video stream and performing
a segmentation to detect skin in the known HSV color
domain by selecting a given portion of the Hue. Instead,
multiple RGB and IR wavelengths may be used as e.g.
proposed in Kanzawa Y. et al., Human Skin Detection by
Visible and Near-Infrared Imaging, MVA2011 IAPR Con-
ference on Machine Vision Applications, Jun. 13-15, 2011,
Nara, JAPAN. Further, any body part detector (e.g. for
detecting the face) can be used to extract a skin color and
segment the image based on the detected skin color.
[0059] In another embodiment object detection techniques
as proposed by Viola-Jones (see e.g. P. Viola, M. Jones:
Robust Real-time Object Detection, 2001) are used, which
can be operated regardless of the number of wavelengths
used by the imaging unit.

[0060] In still another embodiment detecting a kind of
living pixels (i.e. pixels in a region of interest that exhibits
color variations induced by change in blood flow) as
described in US 2011/311119 A1, which is herein incorpo-
rated by reference, can be used. In this application a method
of processing images of at least one living being is described
including obtaining a sequence of digital images taken at
consecutive points in time. At least one measurement zone
comprising a plurality of image points is selected. For each
measurement zone, a signal representative of at least varia-
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tions in a time-varying value of a combination of pixel
values at least a number of the image points for use in
determining at least one of a presence and a frequency value
of at least one peak in a spectrum of the signal corresponding
to a frequency of a periodic physiological phenomenon is
obtained. The step of selecting at least one measurement
zone includes analyzing information based on pixel data of
a plurality of image parts in at least one of the images, each
image part including at least one image point, and selecting
each measurement zone from contiguous parts determined to
have similar characteristics.

[0061] The measurement area detection unit 31 detects a
measurement area used for the extraction of breathing-rate
related information. The detection is preferably focused
mainly at the chest/belly of the subject. To detect this area
various options exist. For instance, in an embodiment object
detection techniques as proposed by Viola-Jones (e.g. as
cited above), which can be operated regardless of the
number of wavelengths used by the imaging unit.

[0062] In another embodiment so-called breathing pixels
(i.e. pixels in a region of interest that exhibits motion
patterns induced by breathing as described in Furopean
patent application 13157242 and subsequent applications
claiming priority from said European patent application can
be detected. This document discloses an apparatus and
method for determining vital sign information from a sub-
ject, comprising a detection unit for detecting radiation from
a field of view and for determining characteristic parameter
including vital sign information of the subject from different
areas of the field of view, a frequency analysis unit for
determining a spectral parameter of the characteristic param-
eter derived from the different areas, a selection unit for
selecting at least one of the areas of the field of view on the
basis of the spectral parameter, and a calculation unit for
calculating the vital sign information on the basis of the
characteristic parameter from the at least one selected area.

[0063] It is to be understood, that in further embodiments,
the skin area can also be the arm or other detectable skin
areas of the subject and the body portion can also include the
mouth and/or the nose of the subject.

[0064] The cardiac activity extraction unit 12 preferably
performs the extraction of the cardiac activity signal 13 by
use of remote PPG, as explained above, from the detected
skin area(s). A typical cardiac activity signal 13 is shown in
FIG. 3A.

[0065] The motion signal extraction unit 14 preferably
performs the extraction of the motion signal 15 by use of
image processing methods, e.g. by detecting physical
motion of the chest or belly area. A typical motion signal 15
is shown in FIG. 3B.

[0066] From the two signals shown in FIGS. 3A and 3B it
can be seen that between second 22 and second 47 an apnoea
moment occurs. This is characterized by a flat line in the
motion signal 15 shown in FIG. 3B.

[0067] The main purpose of the analysis unit 16 is to
analyse the similarity between motion-induced vital signs
(i.e. the motion signal 15) captured preferably from the torso
and colour-changes induced vital signs (ie. the cardiac
activity signal 13) captured using the remote PPG technol-
ogy. When a living being stop breathing, e.g. shows a central
apnoea, no real “breathing signal” is captured by the camera-
based motion signal extraction unit 14 focused at the motion
of the torso. Instead, the signal captured by this unit reflects
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the mechanical activity of the heart; this phenomenon is for
example used in the measurement technique called cardio-
ballistography.

[0068] Based on this observation, the decision unit 18 is
(preferably continuously or at regular intervals) performing
a similarity analysis between the two vital signs 13, 15
extracted from the image data.

[0069] Preferably, this analysis comprises extracting the
correlation between these two signals 13, 15 over a given
time window. During central apnoea both signals will
exhibit a strong correlation as they both are a representation
of the cardiac activity, while under normal circumstances
this correlation will be significantly reduced since they
originate from “uncorrelated” phenomenon.

[0070] FIG. 4 illustrates the embodiment where the cor-
relation between the two signals 13, 15 is used. FIG. 4A
shows the r-value of the correlation between the two signals
and FIG. 4B shows the p-value of the correlation between
the two signals. FIG. 4C shows a generated result signal
indicating when an apnoea has been detected. In these
figures it can be seen that when the apnoea moment occurs,
the correlation between these two signals increases signifi-
cantly (i.e. the well-known r-value >0.7 and the well known
p-value <107).

[0071] This is due to the fact that at that moment the
motion signal contains heart rate information induced by
motion of the chest.

[0072] The significance of the correlation may be defined
as follows, wherein R is the actual coefficient of the corre-
lation:

Cli. )

VCG@, )CU, )

R(, )=

The p-value is computed by transforming the correlation to
create a t statistic having n-2 degrees of freedom, where n is
the number of rows of X. The confidence bounds are based
on an asymptotic normal distribution of 0.5*%log((1+R)/(1-
R)),with an approximate variance equal to 1/(n-3).These
bounds are accurate for large samples when X has a multi-
variate normal distribution. The ‘pairwise’ option can pro-
duce an R matrix that is not positive definite.

[0073] In still another embodiment, the analysis is based
on the characterization of the fundamental frequencies of
both signals. Under normal circumstances (no apnoea), the
two signals originating from colour analysis and motion
analysis will respectively exhibit a fundamental frequency at
the heart rate and at the breathing-rate. However, when no
breathing occurs, the motion signal originating from the
torso area will exhibit a fundamental frequency representa-
tive of the heart activity as it originates not from breathing
induced motion but from cardiac induced motion.

[0074] This is illustrated in FIG. 5, in which FIG. 5A
represents the ratio of energy contained in both signals at the
heart rate frequency and FIG. 5B shows the result signal. It
can be seen that when the apnoea moment occurs, both
signals’ energy is similar and concentrated at the heart rate
frequency.

[0075] In this embodiment, the similarity can preferably
be expressed by computing the Euclidian distance between
both fundamental frequencies, their frequency ratio and/or
their energy ratio at the heart rate frequency.
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[0076] Optionally, as shown also in FIG. 2, movement
analysis is performed in a movement analysis unit 32 on at
least one relevant part of the image data acquired by the
imaging unit 20. This relevant area can characterize the
entire subject or subparts of it. The detection of this area can
be based on the detection of specific pixel properties (e.g.
color for skin detection) or on object detection methods as
proposed by ViolaJones as cited above. Once defined, spa-
tio-temporal processing like 3DRS or Optical Flow may be
used to determine motion characteristics, such as intensity,
direction, uniformity, etc. The detected movement informa-
tion 33 is provided to the decision unit 18.

[0077] In another embodiment the movement information
is not detected by the device 10, 10' itself, but the device 10,
10'receives movement information representing movement
of at least a part of the subject. Said movement information
may e.g. be detected by separate sensors (4 in FIG. 1), e.g.
accelerometers attached to the subject’s body or pressure
sensors provided in a mattress.

[0078] Based on the similarity information 17, e.g. a
similarity measure, outputted by the analysis 16, the detec-
tion unit 18 characterizes the data analysed as an apnoea
event or not. In one embodiment, the similarity measure is
compared against an empirically determined value. In
another embodiment, the similarity measure is compare
against an empirically determined value and a posterior
similarity value to take temporal dynamics into account. In
still another embodiment, the similarity value is weighted by
using at least one movement property derived by the move-
ment analysis unit 32. Doing so, a false event one can be
fully ignored when too much movement occurs and disturbs
the measurement.

[0079] The proposed system, device and method are par-
ticularly relevant for patient monitoring applications ranging
from hospital environment to home settings (e.g. elderly
monitor, smart baby monitor, [CU or NICU monitoring,
etc.).

[0080] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed
invention, from a study of the drawings, the disclosure, and
the appended claims.

[0081] 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 advan-
tage.

[0082] A computer program may be stored/distributed on
a suitable 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 telecommuni-
cation systems.

[0083] Any reference signs in the claims should not be
construed as limiting the scope.
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1. A device for detecting apnoea of a subject, comprising:
an input unit for receiving image data of subject, said
image data including a sequence of images over time,

a cardiac activity extraction unit for extracting from said
image data a cardiac activity signal representing the
subject’s cardiac activity from a skin area of the subject
using remote photoplethysmography,

a motion signal extraction unit for extracting from said
image data a motion signal representing motion of a
subject’s body part caused by breathing of the subject,

an analysis unit for determining the similarity between
said cardiac activity signal and said motion signal, and

an decision unit for detecting apnoea of the subject based
on the determined similarity.

2. The device as claimed in claim 1,

wherein the analysis unit is configured to determine a
similarity measure representing said similarity and

wherein the decision unit is configured to detect apnoea
by comparing said similarity measure against a prede-
termined threshold and/or earlier determined similiarity
measures.

3. The device as claimed in claim 1,

further comprising a movement detection unit for detect-
ing movement of at least a part of the subject by use of
said image data,

wherein the decision unit is configured to take detected
movement into account in the detection of apnoea of
the subject based on the determined similarity.

4. The device as claimed in claim 1,

wherein the input unit is configured to receive movement
information representing movement of at least a part of
the subject,

wherein the decision unit is configured to take the
received movement information into account in the
detection of apnoea of the subject based on the deter-
mined similarity.

5. The device as claimed in claim 1,

further comprising a measurement area detection unit for
detecting in said image data a skin area for extraction
of said cardiac activity signal and/or a body part area
for extraction of said motion signal.

6. The device as claimed in claim 5,

wherein said measurement area detection unit is config-
ured to detect a skin area and/or a body part area by
means of image segmentation and/or object detection.

7. The device as claimed in claim 1,

wherein the analysis unit is configured to determine the
similarity by determining the correlation between said
cardiac activity signal and said motion signal over a
time window.

8. The device as claimed in claim 1,

wherein the analysis unit is configured to determine the
similarity by comparing fundamental frequencies pres-
ent in said cardiac activity signal and said motion
signal.

9. The device as claimed in claim 8,

wherein the analysis unit is configured to determine the
similarity by determining the FEuclidian distance
between the fundamental frequencies, the ratio between
the fundamental frequencies and/or the energy ratio of
the fundamental frequencies, in particular at the heart
rate frequency.



US 2017/0119304 Al

10. A method for detecting information allowing the
detection of apnoea of a subject, comprising:
receiving image data of subject, said image data including
a sequence of images over time,

extracting from said image data a cardiac activity signal
representing the subject’s cardiac activity from a skin
area of the subject using remote photoplethysmogra-
phy,

extracting from said image data a motion signal repre-

senting motion of a subject’s body part caused by
breathing of the subject,

determining the similarity between said cardiac activity

signal and said motion signal, said similarity allowing
the detection of apnoea of the subject.

11. A System for detecting apnoea of a subject, compris-
ing:

an imaging unit for acquiring image data of subject, said

image data including a sequence of images over time,
and

a device as claimed in claim 1 for detecting apnoea of a

subject based on the acquired image data.

12. The system as claimed in claim 11 comprising

a motion sensor for acquiring motion information repre-

senting motion of at least a part of the subject.

13. A computer program comprising program code means
for causing a computer to carry out the steps of the method
as claimed in claim 10 when said computer program is
carried out on a computer.

* % % k¥
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