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PHYSIOLOGICAL MONITORING METHOD AND SYSTEM
TECHNICAL FIELD

[0001] The present invention generally relates to physiological monitoring. In
particular, but not exclusively, the present invention relates to simultaneous
physiological monitoring of two subjects. In particular, but not exclusively, the
present invention generally relates to sleep monitoring. In particular, but not
exclusively, the present invention relates to sleep monitoring in a double bed.

BACKGROUND ART

[0002] Physiological monitoring is carried out with devices that don't require
measuring electrocardiography, electroencephalography or other
electrophysiological signals with uncomfortable electrodes, but are based on
comfortable movement and audio measurement. The measurements needed for
such unobtrusive monitoring are carried out using systems such as microphones
for measuring movement sounds, breathing sounds and snoring; movement
sensors such as radars, bed-installed force sensors, wearable movement
sensors and further sensors for measuring movements, respiration and heart

rate.

[0003]Unobtrusive monitoring systems are known e.g. from documents
W02007143535, US8398538, W0O2011140113, US8548770 and US7726209.

[0004] When monitoring physiological parameters, e.g. the sleep of a single person
sleeping in a bed, practically all measurement data from the unobtrusive sensors
relate to the sleeping person, obviously with expected external influences, such
as ambient noise, disturbing the measurement. However, when physiological
parameters of two or more people are to be monitored, e.g. two people are

sleeping in a same bed, unobtrusive monitoring becomes more difficult.

[0005]In a typical measurement scenario each person being monitored would have

their own unobtrusive sensor. The output of each sensor will inexorably contain
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information also on the person who is not meant to be monitored with the sensor
in question, i.e. for example a movement sensor of a first person will also detect
movements of a second person and vice versa. The magnitude of the problem
depends on the unobtrusive sensor employed, e.g. microphones are more prone

5 to pick up signals from several persons.

[0006] 1t is the object of the invention to mitigate the problems related to multi-person

physiological monitoring with unobtrusive measurements.

SUMMARY
10

[0007]According to a first example aspect of the invention there is provided a

method of physiological monitoring, comprising

measuring a quantity relating to a first subject with a first sensor positioned

in or in proximity of the first subject and configured to provide a first signal;

15 measuring a quantity relating to a second subject with a second sensor
positioned in or in proximity of the second subject and configured to provide a

second signal; and

analyzing the first and the second signal and the interrelation of the first and
second signal in order to determine at least one event relating to the first and/or

20 the second subject.

[0008] The first and the second subject may be in a bed and the first and the second
sensor may be positioned in or in proximity of the bed.

[0009] The first and the second sensor may be configured to measure a same

quantity relating to the subject.
25 [0010] The quantity may be heart rate.
[0011] The quantity may be respiration.

[0012] The quantity may be related to movement.
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[0013] The quantity may be audio signal.

[0014] The event may be the presence of the subject.

[0015] The event may be movement of the subject.

[0016] The event may sounds made by the subject.

[0017] Prior to analysis the signals may be transmitted to a control unit.

[0018] The signals may be transmitted independently with added information on the
association of the signals to the subjects.

[0019] The signals may be transmitted together.
[0020] The first and second sensors may be unobtrusive sensors.
[0021] The first and the second sensor may comprise force sensors.

[0022] The method may further comprise measuring a quantity relating to the first
and/or second subject with a third sensor and/or fourth sensor positioned in or
in proximity of the first and/or the second subject and configured to provide a
third and/or fourth signal.

[0023] The method may further comprise analyzing the first, the second, the third
and/or the fourth signal and their interrelation in order to determine at least one
event relating to the first and/or the second subject.

[0024] The third and/or fourth sensor may comprise audio sensors.

[0025] The method may further comprise providing a sleep quality determination
based on the analysis.

[0026] According to a second example aspect of the invention there is provided a
physiological monitoring system, comprising

a first sensor positioned in or in proximity of a first subject and configured to
measure a quantity relating to the first subject and to provide a first signal;
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a second sensor positioned in or in proximity of a second subject and
configured to measure a quantity relating to a second subject and to provide a
second signal; and

a control unit configured to analyze the first and the second signal and the
interrelation of the first and second signal in order to determine at least one event
relating to the first and/or the second subject.

[0027] The first and the second sensor may be configured to measure a same
quantity relating to the subject.

[0028] The quantity may be heart rate.

[0029] The quantity may be respiration.

[0030] The quantity may be related to movement.
[0031] The quantity may be audio.

[0032] The event may be the presence of the subject.
[0033] The event may be movement of the subject.
[0034] The event may be sounds made by the subject.

[0035] The sensors may be configured to transmit the signals to the control unit prior
to the analysis.

[0036] The sensors may be configured to transmit the signals independently with
added information on the association of the signals to the subjects.

[0037] The sensors may be configured to transmit the signals together.
[0038] The control unit may be positioned in proximity of the bed.
[0039] The control unit may be integrated into an electronic device.
[0040] The electronic device may comprise a smartphone.

[0041] The control unit may be implemented in a cloud service.
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[0042] The control unit may be configured to provide a sleep quality determination
based on the analysis.

[0043] The first and second sensors may comprise unobtrusive sensors.
[0044] The first and the second sensor may comprise force sensors.

[0045] The system may further comprise a third sensor and/or fourth sensor
positioned in or in proximity of the first and/or the second subject and configured
to measure a quantity relating to the first and/or second subject and to provide a
third and/or fourth signal.

[0046] The control unit may further be configured to analyze the first, the second,
the third and/or the fourth signal and their interrelation in order to determine at
least one event relating to the first and/or the second subject.

[0047] The third and/or fourth sensor may comprise audio sensors.

[0048]According to a third example aspect of the invention there is provided a
computer program comprising computer code for causing performing the method
of the first example aspect, when executed by an apparatus.

[0049]According to a fourth example aspect of the invention there is provided a
memory medium comprising the computer program of the third example aspect.

[0050] Different non-binding example aspects and embodiments of the present
invention have been illustrated in the foregoing. The above embodiments are
used merely to explain selected aspects or steps that may be utilized in
implementations of the present invention. Some embodiments may be presented
only with reference to certain example aspects of the invention. It should be
appreciated that corresponding embodiments may apply to other example

aspects as well.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0051] Some example embodiments of the invention will be described with reference
to the accompanying drawings, in which:

Fig. 1 shows a schematic example presentation of a system according to an

embodiment of the invention;

Fig. 2 shows a schematic example presentation of a system according to an
embodiment of the invention;

Fig. 3 shows example signals measured by a system according to the invention in
a situation with a single person sleeping in a bed;

Fig. 4 shows example signals measured by a system according to the invention in
a situation with two persons sleeping in a bed;

Fig. 5 shows example signals measured by a system according to the invention in
a situation with two persons sleeping in a bed and moving;

Fig. 6 shows example signals measured by a system according to the invention in
a situation with two persons sleeping in a bed and one of them snoring; and

Fig. 7 shows an example flow diagram of a method according to an embodiment
of the invention.

DETAILED DESCRIPTION

[0052]In the following description, like reference signs denote like elements. A
skilled person appreciates that although embodiments of the invention have
been explained with reference to sleep monitoring in a bed, the invention is
applicable in analogue manner to any physiological monitoring in any situation
in which similar problems arise, for example the physiological parameters of
persons sitting next to each other or engaged in physical activity near each other

can be monitored.

[0053]Fig. 1 shows a schematic example presentation of a system 100 according
to an embodiment of the invention. The system comprises a control unit 150 and
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at least a first and a second unobtrusive sensor 120a,120b. The sensors
120a,120b are in an embodiment positioned for example in or in proximity of a
bed 110, or on the subject monitored as hereinafter described, and are
configured to provide a first signal and a second signal, respectively. It should
be noted that the term double bed is used hereinafter to refer to any sleeping
place, such as a bed, mattress or sleeping sofa, in which several persons are
able to sleep and/or lie down, and also to several separate beds in the same
space and in proximity of each other. In a further example embodiment each
unobtrusive sensor 120a,120b comprises several separate sensor elements
forming a multi-channel sensor. In an embodiment, the unobtrusive sensors
120a,120b comprise force sensors. The force sensors are in an embodiment
positioned e.g. under a bedpost, under a mattress or between a mattress and a
bed sheet of a double bed 110 in order to measure for example respiration, heart
rate and movement of a first and a second person in the bed, respectively.

[0054] The unobtrusive sensors 120a,120b comprise in an embodiment elongated

strips comprising one or several force sensing elements. The force sensing
elements comprise sensor elements such as piezoelectric, capacitive or resistive
elements. A skilled person appreciates that any known force sensing element is
applicable instead or in addition to the above-mentioned sensor element types.
The unobtrusive sensors 120a,120b comprise in an embodiment movement
sensors or accelerometers, installed in the bed or worn by the subject, and/or
radars.

[0055]The control unit 150 comprises elements configured to carry out

functionalities such as signal analysis, communications, storing and displaying
of data. The control unit 150 comprises elements (not shown) known in
processing devices, such as processors, memory units, communication circuits,
I/O (input/output) units, user interface units, connectors and antennas. The
control unit 150 is connected to the unobtrusive sensors either with hardware
connectors or wirelessly using wireless communication such as Bluetooth,
wireless local area network (WLAN) or proprietary radio communication
protocols. In a further embodiment, the control unit is implemented using a
remote server system, such as a cloud service or implemented as an application

on an electronic device such as a smartphone, a tablet computer, a television or
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a table computer. In a still further embodiment, the control unit, or the
functionalities thereof, are implemented into the unobtrusive sensors 120a,120b.

[0056]Fig. 2 shows a schematic example presentation of a system 100 according

to an embodiment of the invention. Again, the system comprises a control unit
150 as hereinbefore described and unobtrusive sensors. As hereinbefore
previously described, the system comprises two or more unobtrusive sensors
configured to monitor physiological parameters, e.g. sleep, of a person or
persons, or subjects A and B. Fig. 2 shows types of unobtrusive sensors
configured for sleep monitoring, such as a radar 230a, for example a doppler
radar, a microphone 240a and a smartphone 250a, the sensor elements
comprised in which are utilized in the system. Furthermore, the subjects A and
B are shown wearing wrist actigrams 260a,260D. It is to be noted that in a further
embodiment, other unobtrusive sensor types are used, for example sensors
measuring a quantity relating to movement of a subject. For example in addition
to or instead of wrist actigrams, systems attachable to arm, or head of a subject
could be used. Furthermore, in an embodiment instead of or in addition to wrist
actigrams, for example smart watches or smart glasses, or clothes with
integrated electronics, i.e. smart clothing, is used. In accordance with
embodiments of the invention, two or more sensors of the same type or two or
more sensors of different types are used, for example two force sensors and a
microphone are used together.

[0057]According to the invention, the respiration, heart rate, movement, and/or

sounds of a person or persons for example sleeping in a bed are measured by
one or more sensors. It should be noted that the person or persons need not
sleep, i.e. the sensors measure the variables independent of the actual sleeping
state, and are also applicable in situations other than sleeping. In case there are
several persons in the bed and depending on the type of the sensors and their
position, each sensor signal comprises data not only concerning a single person
but also data pertinent to the other person. In accordance with the invention,
each person is monitored individually, despite the cross-talk between the
sensors. The amount of cross-talk between the sensors, i.e. how strongly for
example the heartbeat of the person sleeping on one side of the bed shows up
on the sensor signal of the person sleeping on the other side, depends for
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example on the type of sensor used. For example audio is carried over very
strongly, but e.g. on a force sensor the movements of both persons are strongly
registered whereas the cross-talk in heartbeat signal depends for example on
the type of mattress and sensor placement.

[0058] The sensors provide signals on a subject or on both subjects, and on several

quantities relating to physiological parameters of the subjects, and to e.g.
monitoring their sleep. As hereinbefore described the signals can be measured
with different types of sensors. The sounds caused by the subjects or external
sources are measured with an audio sensor, such as a microphone, for example
integrated into an electronic device such as a smartphone. The movement and
respiration of the subjects is measured with audio sensors, force sensors in or
in proximity of the bed, video-based sensors, radars and/or wearable sensors as
hereinbefore and hereinafter described. The heart rate of a subject is measured
with force sensors, radars and/or wearable sensors as hereinbefore and
hereinafter described.

[0059]In an embodiment, the respiration and/or heartbeat signals are measured on

both sides of the bed, for example using elongated force sensor strips as
depicted in Fig. 1. The signals from the sensors are analyzed with different
methods, e.g. by comparing different characteristics of the signals. For example,
the length of respiration cycles, the beginnings of the cycles or the ends of the
cycles are compared between the signals. In a further embodiment, the signals
are analyzed using statistical or probabilistic methods and/or methods based on
information theory, such as mutual information, entropy or correlation with time
delay. In an embodiment the signal analysis is carried out with a suitable
algorithm implemented with software and/or hardware in the control unit 150. In
an embodiment wherein the control unit is implemented in cloud based service
or as an application in an electronic device, the algorithm is implemented in the

same.

[0060] Both sensors provide a signal, and the signals and their interrelations are

analyzed in order to determine events relating to the subjects in bed, e.g. a state
of the subjects in bed, such as present or awake, and/or actions relating to the
subjects in bed, such as moving, changing sleeping posture, or making sounds.
Fig. 3 shows an example of respiration/heartbeat signals 310a,310b from a first
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sensor and from a second sensor. The horizontal axis of the chart shows time in
minutes and the vertical axis shows the level of the signal, for example the
voltage or current provided by the sensor. Respiration and heartbeat events in
signals 310a,310b are synchronized, which will be detected with the signal
analysis, and accordingly, only a single person is present in bed. Furthermore,
a comparison of the levels of the signals shows that the person on the side of
the first sensor 310a, i.e. subject A, is present.

[0061]Fig. 4 shows an example of respiration/heartbeat signals 410a,410b from a

first sensor and from a second sensor. Again, the horizontal axis of the chart
shows time in seconds and the vertical axis shows the level of the signal, for
example the voltage or current provided by the sensor. Respiration and
heartbeat events in signals 410a,410b are not synchronized, which will be
detected with the signal analysis, and accordingly, two persons, subjects A and
B, are present in bed. Furthermore, a comparison of the levels of the signals
shows that levels of the signals are comparable, the signal level obviously being
affected also by other factors than presence of the subject, such as the sleeping
position of the subject. In an embodiment, first criteria for determining whether a
person is present, is that the amplitude of the signal of the respective sensor
exceeds a predetermined level, and after the first criteria has been fulfilled, the
synchronization of signals is checked. Furthermore, in an embodiment, if it is
determined that one of the subjects is not present, no further analysis are carried
out for that subject.

[0062]In a further embodiment, the presence determination is further improved by

taking into account the movements of the persons in bed, since entering or
exiting the bed requires major movement that will likely show up on any sensor
signal. Accordingly, the signal analysis algorithm or algorithms used may be
configured to maintain the presence state of the subject until a major movement
is detected, i.e. a person present in bed cannot exit the bed without a major
movement being detected. In an embodiment, such constraint in the presence
analysis is implemented for example by modeling the present/absent states as
a hidden Markov model and constraining that the transition from present to
absent and vice versa can only happen during movement.
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[0063]Fig. 5 shows an example of respiration/heartbeat signals 510a,510b from a

first sensor and from a second sensor with movement being detected. Again, the
horizontal axis of the chart shows time in minutes and the vertical axis shows the
level of the signal, for example the voltage or current provided by the sensor.
Detection of movements is an important part of sleep monitoring and analysis of
quality of sleep. When more than one person is sleeping in a bed, the movement
of each person shows in each sensor signal, i.e. also the sensor on the other
side of the bed or meant for the other person records the movement. The
magnitude of the measured movement depends on the sensor type. Sensors
that have a large receptive area, such as radars, pick up strong movement
signals in these situations. Fig. 5 shows a situation 520a in which both subjects
move, and the movements show up with large amplitude in both signals
510a,510b. Furthermore, Fig. 5 shows a situation 530a in which subject A makes
abrupt movements which show up strongly in the signal 510a of the
corresponding sensor. The movements of subject A also show up in the signal
510b of the other sensor. As the signals are analyzed, it is inferred that the
subject, in the signal of which the movement shows up with a larger magnitude
or amplitude has moved, especially if the signal morphology of the movement is
similar in both sensors. Furthermore, if both signals show a similar amplitude
and/or greatly differing signal morphologies, both subjects are deemed to have
moved as in the beginning of the signal sequence of Fig. 5. In a further
embodiment, depending on the properties of the bed and the sensors, the
movement of subject B will show up in the signal of subject A with a small delay,
which can further be used to refine the analysis.

[0064]In a further embodiment, the movement analysis is refined by assessing the

pre- and post-movement sleeping posture of the subjects by analyzing the
sensor signals recorded prior to and after the detected movement. In a further
embodiment, a multi-channel sensor is used in order to more precisely determine
the movements and the sleep characteristics thereinbefore and thereinafter. In
a still further improvement, the movement signals are analyzed in order to
determine the disturbance caused to subject A by subject B moving, by analyzing
movements of subject A subsequent to the detection of subject B having moved.
Similarly, it is possible to determine the significance of one of the two sleeping
persons leaving the bed to the sleep quality of the remaining person.
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[0065] As hereinbefore described, several types of sensors are in an embodiment

used simultaneously. In an embodiment, an audio sensor such as a microphone
is used to measure sounds of the sleeping person or persons. In an embodiment
for example mobile phone(s) of the person or persons sleeping is used as an
audio sensor. Fig. 6 shows an example of respiration/heartbeat signals
610a,610b from a first sensor and from a second sensor with a third signal 620
from a third sensor that is an audio sensor. Again, the horizontal axis of the chart
shows time in seconds and the vertical axis shows the level of the signal, for
example the voltage or current provided by the sensor. The signal 620 shows a
periodic detection corresponding to snoring of one of the subjects in bed. When
both the subject A and subject B are present in bed, it is important for sleep

monitoring to recognize which subject is snoring.

[0066]In Fig. 6 it is determined that subject B is snoring as signal analysis reveals

that the signal from the audio sensor is synchronized with the respiration signal
610b. In a further embodiment, a more complicated signal analysis is used to
determine the snoring of both subjects, as in such a case the signal 620 from the
audio sensor will be in some way synchronized with both signals 610a,610b. If
the signal 620 from the audio sensor is independent from both signals 610a,610b
an external source is causing the sounds. In an embodiment with several audio
sensors, the signal levels of both are compared in analogous manner to that
described hereinbefore with respect to movement and presence. In a further
embodiment, the recorded audio signal is compared with other signals in order
to define the disturbances caused to the sleep of the subjects. For example, a
movement recorded subsequent to noise may indicate that the sleep of the
subject moving was disturbed and the quality of sleep reduced. In a further
embodiment, one breathing sound signal and the respiration signal of subject A
are measured, and based on the synchronization of the audio and respiration
signals it is determined whether subject A snores.

[0067]Fig. 7 shows an example flow diagram of a method according to an

embodiment of the invention. At step 710a,710b the sensors A and B measure
a quantity related to a sleeping person, such as respiration and heart rate as
hereinbefore described. Furthermore, in an embodiment, an audio signal is also
recorded as hereinbefore described at 710c. The sensors A and B provide
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signals comprising respiration, heart rate and movement information on subjects
A and B. The respiration and heart rate in each signal mainly relates to subject
A or B respectively, i.e. the carryover is not significant. However, the movement
of a subject shows up on both signals. The audio signal comprises the sounds
of both subjects and of external sources.

[0068]At 715 the signals from the sensors are processed and transmitted. In an

example embodiment the signals are transmitted locally to a locally positioned
control unit and analyzed therein. In such a case, after analysis the signals
and/or results of the analysis are in an embodiment sent for example to a web
service accessible with a personal computer or a mobile application. In a further
embodiment, the signals are transmitted independently to a control unit
implemented as a cloud service or as a mobile application. In such a case the
origin of the signals, i.e. that the signals are associated to the same bed and to
each other is identified for example with a location tag inserted into the signal. In
a further embodiment, the locally positioned control unit, such as an electronic
device, e.g. a smartphone, comprises a user interface through which the signals
and the results of the signal analysis is accessible.

[0069] Subsequent to signal transmission, the signals are analyzed as hereinbefore

described. The presence of the subjects in bed is analyzed at 720 in order to
determine whether subjects A and/or B are present at 725. The movement of the
subjects is analyzed at 730 in order to determine the movements of the subjects
and their interrelations at 735. The audio signals are analyzed at 740 in order to
determine whether subjects A and/or B are causing sounds, and the effect of the
sounds on the other subject at 745. The analysis 720-745 are carried out
concurrently and interlaced, in such a way that the results of an analysis step
are in an embodiment used in further analysis in addition to or instead of the raw
sensor signals.

[0070]At 750, the results of the signal analysis are combined to form a sleep

monitoring analysis as to sleep quality of the subjects. The sleep monitoring
analysis includes an analysis of the interaction of subjects A and B, if any. The
result is shown and stored independently for subjects A and B at 760a,760b for
example in a web service or application accessible to the subjects. In an example
embodiment, the results for each subject contains information 762a-768a,762b-
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768b on the presence, movements, snoring, and interference or disturbances
caused by the other subject moving or making sounds. A skilled person
appreciates that further analysis are in an embodiment carried out, and further
measurement data if available is used in such further analysis. For example the
type of movements may be analyzed or the sleep quality may be scrutinized
further, especially if electroencephalography or electrocardiography data is

available, in order to find micro-arousals and cardiac arousals.

[0071] The foregoing description has provided by way of non-limiting examples of

particular implementations and embodiments of the invention a full and
informative description of the best mode presently contemplated by the inventors
for carrying out the invention. It is however clear to a person skilled in the art that
the invention is not restricted to details of the embodiments presented above,
but that it can be implemented in other embodiments using equivalent means or
in different combinations of embodiments without deviating from the
characteristics of the invention.

[0072] Furthermore, some of the features of the above-disclosed embodiments of

this invention may be used to advantage without the corresponding use of other
features. As such, the foregoing description shall be considered as merely
illustrative of the principles of the present invention, and not in limitation thereof.
Hence, the scope of the invention is only restricted by the appended claims.
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Claims:

1. A method of physiological monitoring, comprising

measuring a quantity relating to a first subject with a first sensor positioned
5 on or in proximity of the first subject and configured to provide a first signal;

measuring a quantity relating to a second subject with a second sensor
positioned on or in proximity of the second subject and configured to provide a
second signal; and

analyzing the first and the second signal and the interrelation of the first and
10 second signal in order to determine at least one event relating to the first and/or
the second subject.

2. The method of claim 1, wherein the first and the second subject are in a bed and
the first and the second sensor are positioned in or in proximity of the bed.

15
3. The method of claim 1 or 2, wherein the first and the second sensor are
configured to measure a same quantity relating to the subject.
4. The method of claim 3, wherein the quantity is heart rate.
20

5. The method of claim 3, wherein the quantity is respiration.

6. The method of claim 3, wherein the quantity is related to movement.

25 7. The method of claim 3, wherein the quantity is audio.
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8. The method of any preceding claim, wherein the event is the presence of the

subject.

9. The method of any preceding claim, wherein the event is movement of the

subject.

10.The method of any preceding claim, wherein the event is sounds made by the
subject.

11.The method of any preceding claim, wherein prior to analysis the signals are

transmitted to a control unit.

12.The method of claim 11, wherein the signals are transmitted independently with
added information on the association of the signals to the subjects.

13.The method of claim 11 or 12, wherein the signals are transmitted together.

14.The method of any preceding claim, wherein the first and second sensors are

unobtrusive sensors.

15.The method of any preceding claim, wherein the first and the second sensor

comprise at least one of force sensors, wearable movement sensors and radars.
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16.The method of any preceding claim, further comprising measuring a quantity
relating to the first and/or second subject in bed with a third sensor and/or fourth
sensor positioned in or in proximity of the first and/or the second subject and
configured to provide a third and/or fourth signal.

17.The method of claim 16, further comprising analyzing the first, the second, the
third and/or the fourth signal and their interrelation in order to determine at least

one event relating to the first and/or the second subject.

18.The method of claim 16 or 17, wherein the third and/or fourth sensor comprise

audio sensors.

19.The method of any preceding claim, further comprising providing a sleep quality
determination based on the analysis.

20.A physiological monitoring system, comprising

a first sensor positioned in or in proximity of a first subject and configured to
measure a quantity relating to the first subject and to provide a first signal;

a second sensor positioned in or in proximity of a second subject and
configured to measure a quantity relating to the second subject and to provide a
second signal; and

a control unit configured to analyze the first and the second signal and the
interrelation of the first and second signal in order to determine at least one event
relating to the first and/or the second subject.

21.The system of claim 20, wherein the first and the second subject are in a bed

and the first and the second sensor are positioned in or in proximity of the bed.
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22.The system of claim 20 or 21, wherein the first and the second sensor are
configured to measure a same quantity relating to the subject.

23.The system of claim 22, wherein the quantity is heart rate.

24.The system of claim 22, wherein the quantity is respiration.

25.The system of claim 22, wherein the quantity is related to movement.

26.The system of claim 22, wherein the quantity is audio.

27.The system of any of the claim 20-26, wherein the event is the presence of the
subject.

28.The system of any of the claims 20-27, wherein the event is movement of the
subject.

29.The system of any of the claims 20-28, wherein the event is sounds made by the
subject.

30.The system any of the of claims 20-29, wherein the sensors are configured to
transmit the signals to the control unit prior to analysis.
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31.The system of claim 30, wherein the sensors are configured to transmit the
signals independently with added information on the association of the signals
to the subjects.

32.The system of claim 30 or 31, wherein the sensors are configured to transmit the
signals together.

33.The system of any of the claims 20-32, wherein the control unit is positioned in
proximity of the bed.

34.The system of any of the claims 20-32, wherein the control unit is integrated into

an electronic device.

35.The system of claim 34, wherein the electronic device comprises a smartphone.

36.The system of any of the claims 20-35, wherein the control unit is implemented

in a cloud service.

37.The system of any of the claims 20-36, wherein the control unit is configured to
provide a sleep quality determination based on the analysis.

38.The system of any of the claims 20-37, wherein the first and second sensors

comprise unobtrusive sensors.
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39.The system of any of the claims 20-38, wherein the first and the second sensor

comprise at least one of force sensors, wearable movement sensors and radars.

40.The system of any of the claims 20-39, further comprising a third sensor and/or
5 fourth sensor positioned in or in proximity of the first and/or the second subject
and configured to measure a quantity relating to the first and/or second subject

in bed and to provide a third and/or fourth signal.

41.The system of claim 40, wherein the control unit is further configured to analyze
10 the first, the second, the third and/or the fourth signal and their interrelation in
order to determine at least one event relating to the first and/or the second

subject.

42.The system of claim 40 or 41, wherein the third and/or fourth sensor comprise

15 audio sensors.

43.A computer program comprising computer code for causing performing the
method of any of claims 1 to 19, when executed by an apparatus.

20 44.A memory medium comprising the computer program of claim 43.



WO 2015/092148 PCT/FI12014/051026

174

110

120a

150} - Y%

120b

Fig. 1

250a

150
=

110

230a %\\ %V24Oa

Fig. 2



PCT/FI12014/051026

WO 2015/092148

2/4

s,

ammr s oty

ey,

S

Nk,

a&asi%
.

i ER

e At
v )mmun\

e AL AL £

g

i

o

P,

Ty,

-

310b

iﬁﬁ..nt.:}..l::
"
R,

A mmrt s g s

.

égti\k.

.

o=
o
Hﬂ-ﬁt
e

S

Fig. 3

Level

ALevel

410a

G

>
40 Time

20

(s)

Fig. 4



PCT/FI12014/051026

WO 2015/092148

3/4

Mﬁ-ﬁh\;\ﬂmﬁmﬂwxw‘mﬁxwmv

® Q0

o o

A <~

o To)
a T e i s\n\”}
o £ :
92 g
10 :

a2

AARAAARAL
AEEAA A

Fig. 6



WO 2015/092148 PCT/FI12014/051026

4 /4
Sensor A ~-710a Sensor B 710D
[
v
Audio —>{ Transmission [€—
2710c l, 745
720 Signal analysis 795

Presence —> A and/or B

735
730 v

Movement ——> Aand/orB

740 745
W

Sound — A and/or B

750
yid

—> A, B and A+B interaction [€——

76033\ \lf \l' 760Db
Result A Result B
762a 762b
76432 Presence Presence  |©. 764b
766ak Movement Movement s 766b
768a K Sound (Snoring) Sound (Snoring) ;768b
N Interference Interference

Fig. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/F12014/051026

A. CLASSIFICATION OF SUBJECT MATTER

ADD. A61B5/024 A61B5/05

INV. A61B5/00 A61B5/0205  A61B5/11 A61B7/00

A61B5/113 A61B5/08

Accerding to International Patent Classificatich (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61B A6lF A63B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (hame of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, BIOSIS, COMPENDEX, EMBASE, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

paragraphs [0006],
paragraph [0086]
figures 1,5,15-18

paragraph [0050] - paragraph [0055]
paragraph [0088] - paragraph [0093]

X US 2008/306396 Al (ARIAV ARIE [IL] ET AL) 1-6,8,9,
11 December 2008 (2008-12-11) 11,13,

14,

20-25,
27,28,
30,32,

[0012]

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

to be of particular relevance

filing date

special reason (as specified)
means

the pricrity date claimed

"A" document defining the general state of the art which is not considered

"E" earlier application or patent but published on or after the international

"T" later document published after the intemnational filing date or priority
date and nct in conflict with the application but cited tc understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

"L" decument which may throw dcubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other ccmbined with one or more cther such deccuments, such combination

being obvious to a person skilled in the art

"P" document pubklished prior to the international filing date but later than

"&" document member of the same patent family

Date cof the actual ccmpletion of the intemational search

10 April 2015

Date cf mailing of the intemational search report

22/04/2015

Name and mailing address of the ISA/

NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

European Patent Office, P.B. 5818 Patentlaan 2

Authorized officer

Gorlach, Tobias

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/FI2014/051026
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2006 014765 A (YOKOGAWA ELECTRIC CORP) 1-5,11,
19 January 2006 (2006-01-19) 13,14,
20-24,
30,32,38
paragraph [0018] - paragraph [0026]
figure 1
X WO 2013/030428 Al (DOMUSET OY [FI];: 1,3,6,
ALASAARELA ESKO [FI]) 11-13,
7 March 2013 (2013-03-07) 15,22,
25,
30-32,
36,39,
43,44
page 8, line 25 - page 17, line 17
figures 1-3
claim 16
page 18, line 17 - page 19, line 11
X JP 2007 327993 A (KONICA MINOLTA MED & 1-3,5,7,
GRAPHIC) 20 December 2007 (2007-12-20) 10,11,
13,14,
20-22,
24,26,
29,30,
32,38,
39,43,44
paragraph [0021] - paragraph [0047]
figures 1-5
X US 20107283618 A1l (WOLFE ANDREW [US] ET 1,2,9,
AL) 11 November 2010 (2010-11-11) 10,
16-21,
28,29,
37,40-44
paragraph [0028] - paragraph [0032]
paragraphs [0040], [0047], [0062],
[0068]
paragraph [0094]
figures 1,2,9
X US 20137267791 Al (HALPERIN AVNER [IL] ET 1-9,
AL) 10 October 2013 (2013-10-10) 11-14,
19-28,
30-38,
43,44
A paragraph [0434] - paragraph [0459] 16-18,
paragraphs [0603], [0626], [0634] 40-42
figures 1-4

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/F12014/051026
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2008306396 Al 11-12-2008  EP 1768548 A2 04-04-2007
US 2008306396 Al 11-12-2008
WO 2005120167 A2 22-12-2005

JP 2006014765 A 19-01-2006  JP 4300421 B2 22-07-2009
JP 2006014765 A 19-01-2006

WO 2013030428 Al 07-03-2013 GB 2509274 A 25-06-2014
UsS 2015070172 Al 12-03-2015
WO 2013030428 Al 07-03-2013

JP 2007327993 A 20-12-2007  NONE

US 2010283618 Al 11-11-2010 US 2010283618 Al 11-11-2010
US 2012220888 Al 30-08-2012

US 2013267791 Al 10-10-2013 US 2013267791 Al 10-10-2013
US 2014350351 Al 27-11-2014

Form PCT/ISA/210 {patent family annex) (April 2005)




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

KRN

IPCHRS

CPCH%E=

£
S EREEEE

BEX)

BN A EF RS

EP3082580A1 [ (r&)B
EP2014833349 B H
BEDDIT

BEDDIT OY

BEDDIT OY

PAALASMAA JOONAS
LEPPAKORPI LASSE
PALTTALA JUHANI

PAALASMAA, JOONAS
LEPPAKORPI, LASSE
PALTTALA, JUHANI

patsnap

2016-10-26

2014-12-18

A61B5/00 A61B5/0205 A61B5/11 A61B7/00 A61B5/024 A61B5/05 A61B5/113 A61B5/08

A61B5/0205 A61B5/024 A61B5/05 A61B5/08 A61B5/11 A61B5/1115 A61B5/113 A61B5/4806 A61B5
/4815 A61B5/6891 A61B5/7246 A61B5/7282 A61B2562/0204 A61B5/0022 A61B5/0816 A61B5/1118

14/133694 2013-12-19 US

Espacenet

—MABBNNGENRSE  SENEEE-NREXNE , HPE—
RRBUTE-NRIHEMIE , AERBENREE—ES K AEE
RBENESE-NRAEXNBENERE -NRPIMIL , HEKEERN
RHE-FS  HOWME-NFE_ESURE-NFE_FSHHEX
R, UEBHESE-—N/RE-FESEXRNEL -S4, F-FH,


https://share-analytics.zhihuiya.com/view/4f73d966-1a4e-44a7-a982-c312d4da93eb
https://worldwide.espacenet.com/patent/search/family/052440696/publication/EP3082580A1?q=EP3082580A1

