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7) ABSTRACT

Embodiments of the present invention provide a distributed
computer system and a method for determining the quality of
sleep of a sleeping user 340. The distributed computer system
will determine the quality of sleep by detecting the changes in
body posture of the sleeping user 340. The quality of sleep
will be determined by the feature vectors associated with each
posture of the sleeping user 340. The posture of the user will
be determined by recording a body motion signal 200 caused
by the mechanical and muscle movements of the body of the
user.
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Recording a ballistocardiographic signal
using a peripheral device 110

l

Arranging a communication connection between the
peripheral device and a mobile subscriber terminal

l

Communicating said ballistocardiographic signal to a
third party software application executing in said ~ —~__13¢
mobile subscriber terminal T

l

Determining body posture changes of the at least one
user based on said ballistocardiographic signalanda  ~__ 149
respiration cycle amplitude “‘““““

120
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SYSTEM FOR DETERMINING THE QUALITY
OF SLEEP

FIELD OF INVENTION

[0001] The present invention relates to a system for deter-
mining the quality of sleep of a sleeping user. More particu-
larly, the present invention is related to a system and a method
for determining the quality of sleep by detecting the changes
in body posture of the sleeping user.

BACKGROUND OF INVENTION

[0002] Sleeping habits have been considered an important
factor for the physical and physiological wellbeing of human
beings. Bad sleeping habits may lead to many health disor-
ders. Hence, there is a need for monitoring sleep to analyze
fitness of human beings.

[0003] For example, there is a technique known as ballis-
tocardiography to determine repetitive movements of a
human body. Ballistocardiography has been used in art for
clinical purposes like monitoring human health, respiration
rate and heartbeat etc. Ballistocardiographic measurements
comprise measurement of force generated due to the cardiac
function of the body, movement due to respiration and other
muscle movements of the human being.

[0004] There are quite a few systems known in the prior art
based on this technique, for example, a US patent application
2010/0016685 discloses a system for detecting body move-
ments using a ballistocardiographic sensor and a noise sensor.
However, this patent application does not disclose any means
for detecting posture change, or what the posture of a sleeping
user is at a given time. This document is incorporated here as
reference.

[0005] There are also prior art devices known to allege that
they detect posture of user while sleeping, for example, there
is a RestOn device and application for monitoring sleep of a
user, particularly to determine how many times a user has
changed posture while sleeping. The RestOn device uses a
strip of sensors for this purpose; however, it is not very effi-
cient for determining the exact body posture of the user. This
App is publicly available in the Apple 10S App Store. The
Techinasia news article is cited here as reference, please see
references section.

[0006] There are other more complex systems and methods
also known in the prior art for monitoring sleep using video
recorders and/or radars. For example, US patent application
2007/0156060 discloses a system for automatically monitor-
ing the sleep of a person using a video recorder for recording
live images of a subject sleeping. However, such systems are
complex and expensive, and not effective during night and/or
in dark rooms. Further, realization of such devices as a con-
sumer application is not easy and they may even create hin-
drance in a user’s sleep. This document is also incorporated
here as reference.

[0007] As seen, none of the available prior art disclosures
provide any method of determining the quality of sleep by
analyzing the body posture and accurately distinguishing
static body posture changes from minor body movements.

[0008] Inlight of the above discussion, there is a need fora
system that can overcome one or more problems associated
with the prior art.
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SUMMARY OF INVENTION

[0009] The invention under study is directed towards a sys-
tem and a method for effectively determining the quality of
sleep of at least one user. The present invention discloses a
method of determining a quality of sleep of the at least one
user using a peripheral device. As said, ballistocardiographic
measurements comprise measurement of force generated due
to the cardiac function of the body, movement due to respi-
ration and other muscle movements of the human being. In
this invention a somewhat similar “body motion signal” is
used, but this signal does not necessarily comprise a cardio-
gram. The body motion signal of the invention is a signal that
comprises the signal generated by the skeletal muscles and at
least one internal organ, such as the lungs and/or the heart.
“Body motion signal” is construed as explained in the pre-
ceding sentence throughout this application. The peripheral
device includes at least one sensor that records a body motion
signal occurring due to mechanical and muscle movements of
the body of the at least one user.

[0010] The method initiates by arranging a communication
connection between the peripheral device and a mobile sub-
scriber terminal. Further, the peripheral device communicates
the body motion signal to a third party software application.
The mobile subscriber terminal includes a processor for
executing the third party software application. The quality of
sleep is determined from the body motion signal based on the
detected body posture changes.

[0011] It is a further object of the present invention to
provide a method of communicating the quality of sleep by
determining the body movements and posture change of a
sleeping user from one or more spikes in said body motion
signal.

[0012] Inanother embodiment of the present invention, the
one or more spikes in the body motion signal and a step
change in the respiration amplitude occurring simultaneously
is determined to correspond to the body posture change of at
least one user, and the body motion signal lacking a simulta-
neous step change in the respiration amplitude is determined
to correspond to the body movement but no static body pos-
ture change of the at least one user. In a broader embodiment
of the invention, the one or more spikes in the body motion
signal and a step change in the at least one physiological
property determined from the body motion signal (respiration
cycle shape, respiration cycle amplitude, heartbeat cycle
shape, heartbeat cycle amplitude, presence signal value)
occurring simultaneously is determined to correspond to the
body posture change of at least one user and the body motion
signal lacking a simultaneous step change in the at least one
physiological property is determined to correspond to the
body movement but no static body posture change of the at
least one user.

[0013] It is a further object of the present invention to
provide a distributed computer system for determining the
quality of sleep of at least one user using a peripheral device
that comprises at least one sensor to record a body motion
signal and communicate the body motion signal to a third
party software application executing in a mobile subscriber
terminal.

[0014] It is yet an object of the invention to provide a
computer program product for determining the quality of
sleep of at least one user. The computer program product
comprises at least one non-transitory computer-readable stor-
age medium having computer-readable program code por-
tions stored therein. The computer-readable program code
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portions comprise instructions for performing aforesaid
method of determining the quality of sleep.

[0015] A method of determining the quality of sleep of at
least one user in accordance with the invention comprises:

[0016] recording abody motion signal using a peripheral
device;
[0017] arranging a communication connection between

the peripheral device and a mobile subscriber terminal or
a computer;

[0018] communicating said body motion signal to a third
party software application executing in said mobile sub-
scriber terminal or a computer;

[0019] determining body posture changes of the at least
one user based on said body motion signal and a respi-
ration cycle amplitude signal or other signal generated
by an internal organ of the user, wherein the determina-
tion of the body posture changes of at least one user is
used to determine the quality of sleep.

[0020] A method of determining the quality of sleep of at
least one user in accordance with the invention comprises:

[0021] recording abody motion signal using a peripheral
device;
[0022] determining body posture changes of the at least

one user with said peripheral device based on said body
motion signal and at least one physiological property
determined from the body motion signal including but
not limited to respiration cycle shape, respiration cycle
amplitude, heartbeat cycle shape, heartbeat cycle ampli-
tude and/or presence signal value, wherein the determi-
nation of the body posture changes of at least one user is
used to determine the quality of sleep.

[0023] A method of determining the quality of sleep of at

least one user in accordance with the invention comprises:

[0024] recording a body motion signal using a peripheral
device;
[0025] communicating the body motion signal to at least

one network computer including but not limited to a
cloud service,

[0026] determining body posture changes of the at least
one user with said at least one network computer based
on said body motion signal and at least one physiologi-
cal property determined from the body motion signal
including but not limited to respiration cycle shape, res-
piration cycle amplitude, heartbeat cycle shape, heart-
beat cycle amplitude and/or presence signal value,
wherein the determination of the body posture changes
of at least one user is used to determine the quality of
sleep.

[0027] A distributed computer system for determining
quality of sleep of at least one user is in accordance with the
invention, the distributed computer system comprising:

[0028] a mobile subscriber terminal or a computer;

[0029] a peripheral device arranged to record a body
motion signal and to communicate said body motion
signal to a third party software application and is char-
acterized in that,

[0030] the mobile subscriber terminal or computer com-
prises a processor to execute the third party software
application, wherein the third party application is
arranged to determine body posture changes of the at
least one user based on said body motion signal and a
respiration cycle amplitude signal or other signal gener-
ated by an internal organ of the user, wherein the deter-
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mination of the body posture changes of said at least one
user is configured to be used in determining the quality
of sleep.
[0031] A distributed computer system for determining the
quality of sleep of at least one user in accordance with the
invention comprises:

[0032] a peripheral device arranged to record a body
motion signal;

[0033] said peripheral device arranged to determine
body posture changes of the at least one user based on
said body motion signal and at least one physiological
property determined from the body motion signal
including but not limited to respiration cycle shape, res-
piration cycle amplitude, heartbeat cycle shape, heart-
beat cycle amplitude and/or presence signal value,
wherein the determination of the body posture changes
of at least one user is used to determine the quality of
sleep.

[0034] A distributed computer system for determining the
quality of sleep of at least one user in accordance with the
invention comprises:

[0035] a peripheral device arranged to record a body
motion signal;

[0036] said peripheral device and at least one network
computer arranged to communicate the body motion
signal to said at least one network computer including
but not limited to a cloud service,

[0037] said at least one network computer arranged to
determine body posture changes of the at least one user
based on said body motion signal and at least one physi-
ological property determined from the body motion sig-
nal including but not limited to respiration cycle shape,
respiration cycle amplitude, heartbeat cycle shape,
heartbeat cycle amplitude and/or presence signal value,
wherein the determination of the body posture changes
of at least one user is used to determine the quality of
sleep.

[0038] A computer program product for determining the
quality of sleep of at least one user is in accordance with the
invention, and the computer program product comprises at
least one non-transitory computer-readable storage medium
having computer-readable program code portions stored
therein, said computer-readable program code portions com-
prising instructions for:

[0039] recording abody motion signal using a peripheral
device;

[0040] arranging a communication connection between
the peripheral device and a mobile subscriber terminal or
computer;

[0041] communicating said body motion signal to athird
party software application executing in said mobile sub-
scriber terminal or computer and,

[0042] determining body posture changes of the at least
one user based on said body motion signal and a respi-
ration cycle amplitude signal or other signal generated
by an internal organ of the user, wherein the determina-
tion of the body posture changes of said at least one user
is used to determine the quality of sleep.

[0043] A computer program product for determining the
quality of sleep of at least one user in accordance with the
invention comprises program code instructions for:

[0044] recording abody motion signal using a peripheral
device;
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[0045] determining body posture changes of the at least
one user with said peripheral device based on said body
motion signal and at least one physiological property
determined from the body motion signal including but
not limited to respiration cycle shape, respiration cycle
amplitude, heartbeat cycle shape, heartbeat cycle ampli-
tude and/or presence signal value, wherein the determi-
nation of the body posture changes of at least one user is
used to determine the quality of sleep.

[0046] A computer program product for determining the
quality of sleep of at least one user in accordance with the
invention comprises program code instructions for:

[0047] recording abody motion signal using a peripheral
device;
[0048] communicating the body motion signal to at least

one network computer including but not limited to a
cloud service,

[0049] determining body posture changes of the at least
one user with said at least one network computer based
on said body motion signal and at least one physiologi-
cal property determined from the body motion signal
including but not limited to respiration cycle shape, res-
piration cycle amplitude, heartbeat cycle shape, heart-
beat cycle amplitude and/or presence signal value,
wherein the determination of the body posture changes
of at least one user is used to determine the quality of
sleep.

[0050] According to an embodiment of the invention, at
least one static sensor and at least one dynamic sensor is
integrated to the at least one sensor device of the peripheral
device. The at least one sensor device is further arranged to
determine presence signals and further to determine the pres-
ence of a sleeping user on a bed. A presence signal describes
the user’s proximity to or presence on the bed/sensor. It canbe
measured e.g. with dynamic sensors (e.g. piezoelectric sen-
sors) or static sensors (e.g. capacitive sensors). It can be a
binary value (present/absent) or continuous value. In fact, in
oneembodiment of the invention the one or more spikes in the
body motion signal and a step change in the at least one
physiological property determined from the body motion sig-
nal (respiration cycle shape, respiration cycle amplitude,
heartbeat cycle shape, heartbeat cycle amplitude, presence
signal value) occurring simultaneously is determined to cor-
respond to at least one user entering or exiting the bed and the
body motion signal lacking a simultaneous step change in the
at least one physiological property is determined to corre-
spond to the body movement but no entering or exiting of the
at least one user.

[0051] Some or all of the aforementioned advantages of the
invention are accrued by the integration of the static sensor
and the dynamic sensor in the at least one sensor of the
peripheral device. The dynamic sensor may be any sensor that
can detect the motion signals (due to respiration, heartbeats,
blood pressure etc.) including, but not limited to, a piezoelec-
tric sensor and/or a piezo thin film sensor. The static sensors
may include one or more sensors to detect the presence and
static parameters (weight, temperature etc.) of the at least one
user including, but not limited to, a strain gauge, a capacitive
sensor, a proximity sensor, a thermocouple, an inductive sen-
sor eftc.

[0052] The best mode of the invention is a system wherein
a peripheral device comprises an integrated sensor that
includes both dynamic and static sensors, and provides the
recording of body motion signal and presence signal to the
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third party software application of the mobile subscriber ter-
minal. The integrated sensor provides a great advantage in
accurately measuring the presence of at least one user. Fur-
ther, in the best mode, the simultaneous spike in the body
motion signal and the step in the respiration amplitude are
interpreted as a change of body posture, whereas only spikes
in body motion signal typically indicate the mere body move-
ments. The respiration amplitude is also measured ballisto-
graphically, i.e. by force measurements in the best mode.
[0053] The respiration amplitude varies during various
stages of sleep. Roughly speaking, it has been observed that it
is stable when the user is awake; it is less stable in non-REM
(rapid eye movement) stage, while in REM stage, the respi-
ration is unstable. On the other hand, the body motion signal
amplitude majorly depends on the posture and position of
human body. It has been observed that body motion signal
such as a ballistocardiographic signal has a bigger amplitude
when a person sleeps on his back or on stomach than when the
person sleeps on the sides. Further, it has also been seen that
quick changes in the amplitude of the body motion signal
such as a ballistocardiographic signal, as a step function, may
correspond to the posture change. This feature is utilized in
the present invention.

[0054] According to an embodiment of the invention, the
third party software applications are deployed to distinguish
the breathing cycles from the recorded body motion signal
(raw body motion signal) and to calculate the respiration
amplitude. The third party software applications are capable
to detect the change in posture by analyzing the spikes of the
body motion signal with respect to the simultaneous step
changes in the respiration amplitude.

BRIEF DESCRIPTION OF DRAWINGS

[0055] In the following the invention will be described in
greater detail with reference to exemplary embodiments in
accordance with the accompanying drawings, in which:
[0056] FIG. 1 demonstrates a flowchart depicting a method
of determining the quality of sleep in an embodiment 10 in
accordance with the invention.

[0057] FIG. 2 demonstrates a graphical representation of
the body motion signal and the respiration cycle amplitude in
an embodiment 20 of the invention.

[0058] FIG. 25 demonstrates a graphical representation of
the body motion signal and the respiration cycle amplitude in
an embodiment 20 of the invention.

[0059] FIG. 2¢ demonstrates a graphical representation of
the body motion signal and the respiration cycle shape in an
embodiment 21 of the invention.

[0060] FIG. 3 demonstrates an embodiment 30 depicting a
sleeping user 340, sensor with both dynamic 310 and static
360 sensors integrated, a mobile subscriber terminal 320 with
a third party software application in accordance with the
invention.

[0061] FIG. 4a demonstrates an embodiment 40 depicting a
sleepinguser 340, body movements and posture change ofthe
sleeping user in accordance with the invention.

[0062] FIG. 4b demonstrates an embodiment 41 depicting a
mobile subscribers terminal 320 comprising a storage
medium 450 having plurality of body postures 460 and fea-
ture vectors associated with each body posture in accordance
with the invention.

[0063] FIG. 5 demonstrates a flowchart depicting a method
of communicating the quality of sleep in an embodiment 50 in
accordance with the invention.
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[0064] The features of the invention illustrated above and
below in the specification, are desctibed with reference to the
drawings summarized above. The reference numbers shown
in the drawings may be used at one or more places to indicate
the functional relation between the referenced elements.
Some of the embodiments are described in the dependent
claims.

DETAILED DESCRIPTION OF EMBODIMENTS

[0065] As depicted in FIG. 1, an embodiment 10 of the
present invention provides a method for determining the qual-
ity of sleep of at least one user. The method is initiated at step
100.

[0066] At step 110, a peripheral device records a body
motion signal. The body motion signal is a combination of
various signals such as signals occurring due to different
mechanical body movements, heartbeats, respiration, breath
cycles, blood pressure and/or other skeletal muscular move-
ments, and presence signal etc. The peripheral device
includes a sensor to record these signals as a raw body motion
signal.

[0067] Thereafter at step 120, a communication connection
is established between the peripheral device and a mobile
subscriber terminal, to communicate the recorded body
motion signal. These signals have different amplitudes and
frequencies, hence one or more signals such as respiration
cycle amplitude, respiration cycle shape, heartbeat cycle
shape. heartbeat cycle amplitude and presence signal can be
determined by deploying various algorithms.

[0068] In an embodiment, the communication connection
between the peripheral device and the mobile subscriber ter-
minal may be via any network including, but not restricted to,
wireless networks such CDMA, GSM, UMTS, HSPA, EV-
DO, EV-DO rev. A, 3GPP LTE, WiMAX, Wi-Fi, Bluetooth,
internet, telephony, and/or wired network such as optical
fibres, cables, other communication formats and combina-
tions thereof.

[0069] Thereafter, at step 130, the peripheral device com-
municates the body motion signal to a third party software
application executing on a mobile subscriber terminal via the
communication channel. The mobile subscriber terminal may
be any dedicated mobile device that includes a processor for
executing the third party software application, communica-
tion hardware, a user interface and a non-volatile storage
medium. In some embodiments of the present invention, the
mobile subscriber terminal is a mobile phone or a tablet
device. In some other embodiments the mobile subscriber
terminal may be substituted by a computer.

[0070] Moving on at step 140, the third party software
application determines body posture changes of the at least
one user based on the body motion signal and the respiration
cycle amplitude. In an embodiment, the respiration cycle
amplitude is determined from the raw body motion signal.
The body posture change may be determined by analyzing the
spike in the body motion signal, such as a ballistocardio-
graphic (BCG) signal, and step change of amplitude of the
respiration cycle amplitude by a step recognition method.
When the step change of the respiration amplitude and the
spike in the raw BCG occur at the same time, the posture of
the user has changed.

[0071] The detected body posture changes further help in
determining the quality of sleep. Various algorithms can be
deployed to analyze the body posture of the user to determine
the physical and physiological condition of user. The body
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movements can then be analyzed to determine various sleep
stages. For example in a light sleep stage the user body may
show some frequent body movements such as eye movement,
hand movement etc. and in deep sleep stage the user may
show no mechanical body movement and respiration may be
high etc.

[0072] It has been observed that the respiration amplitude
varies during various stages of sleep. The respiration is stable
when the user is awake; itis less stable innon-REM (rapid eye
movement) stage, while in REM stage, the respiration is
unstable. On the other hand, the body motion signal ampli-
tude predominantly depends on the posture and position of
human body. It has also been observed that respiration signal
has a bigger amplitude when a person sleeps on his back or on
stomach than when he sleeps on either side. Further, it is
examined that the quick changes in the amplitude of respira-
tion signal, as a step function, may correspond to the posture
change. This feature is utilized in the present invention and in
this way the quality of sleep may be analyzed.

[0073] Various techniques and/or algorithms can be
deployed to extract aforementioned signals and/or param-
eters from the body motion signals. In order to identify the
ballistic effect of cardiac activity and the pushing effect of
respiratory activity, one or more signal processing tech-
niques, such as iterative analysis and adaptive filtering can be
utilized in the embodiment. The presence signals are basi-
cally the signals generated due of the presence of user in the
proximity of the at least one sensor.

[0074] The algorithms of the third party software applica-
tion are capable of distinguishing individual breathing cycles,
respiration and presence signals from the body motion signal.
The respiration amplitude signal, i.e. the change of the ampli-
tude, during the night is analyzed with a simple step recog-
nition method and the times of the recognized step changes
from the signal are recorded. At the same time, it is possible
to detect absence of the user from the bed. During the absence
of user the amplitude of body motion signals will be signifi-
cantly low and/or static over the time. This will indicate that
the user is not sleeping and/or not in the proximity of the at
least one sensor.

[0075] The method is terminated at step 150.

[0076] It should be noted that any features, phases or parts
of embodiment 10 can be freely permuted and combined with
any of the embodiments 20, 21, 30, 40, 41 and/or 50 in a
combination of two or more embodiments in accordance with
the invention.

[0077] Moving on, FIG. 2 demonstrates a graphical repre-
sentation of a body motion signal 200 and a respiration cycle
amplitude 210, in accordance with an embodiment of the
invention. An embodiment 20 of present invention provides a
way to analyze these signals for determining the static body
posture change and/or body movements. FIG. 25 demon-
strates a graphical representation of a body motion signal 200
and a respiration cycle amplitude 210, in such a way that the
signals are the same as in FIG. 2, but the temporal range in the
figure is shorter.

[0078] InFIG.2andFIG. 25, in the top chart, there is shown
the raw body motion signal 200, which has been recorded
during one night and the respiration cycle amplitude 210
(bottom of the chart) that has been determined from the body
motion signal 200. Various algorithms can be deployed to
detect the spikes caused by body movements, and further in
between the spikes, there are level plateaus from which the
breathing cycles can be easily detected. In the figure the
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vertical dotted lines show the detected changes of body pos-
ture. By comparing the raw body motion signal 200 and the
respiration cycle amplitude 210, it is possible to detect a
change in body posture. The change in body posture is detet-
mined when the spike in body motion signal 200 occurs
concurrently with the step change in amplitude of the respi-
ration amplitude cycle 210.

[0079] As shown in FIG. 2, there is a simultaneous occur-
rence of the spike 220 and the step change 230 at time 51 and
at time 104 or so. This indicates that user has changed the
posture at time 51 and at time 104. Further, it has been seen
that almost no step change and/or very low amplitude spikes
are detected in the body motion signal 200 between 100 to
early 200 minutes, the third party software application may
deduce that the user is in deep sleep during this period and
further, the frequent change in the posture of the at least one
user has been recorded around 350 minutes which indicates
that the user is in light sleep or no sleep during this period.
Thus, in this way the third party software application will
determine the quality of sleep of the at least one user.

[0080] It should be noted that any features, phases or parts
of embodiment 20 can be freely permuted and combined with
any of the embodiments 10, 21, 30, 40, 41 and/or 50 in a
combination of two or more embodiments in accordance with
the invention.

[0081] FIG.2c demonstrates a graphical representation ofa
body motion signal 200 in accordance with an embodiment of
the invention. In the figure, there is shown a 1.5-minute
excerpt of the raw body motion signal 200. There is a simul-
taneous occurrence of the spike 220 (the spike occurring
between 51.2 minutes and 51.5 minutes) and a step change of
the respiration cycle shape and respiration cycle amplitude in
the raw body motion signal 200. This indicates that user has
changed the posture between 51.2 minutes and 51.5 minutes.
Two zooming levels of the body motion signal 200 are pro-
vided in F1G. 2¢, so that it can be recognized that in addition
to the evident step change in respiration cycle amplitude,
there is a step change also in the respiration cycle shape.

[0082] The third party software application algorithm is
configured to distinguish the static body posture change and/
or body movements of the at least one user. It may utilize the
step recognition method for analyzing the body motion signal
200. In this method, basically, the third party software appli-
cation recognizes the one or more spikes in the body motion
signal 200 and a concurrent step change in the respiration
cycle amplitude 210. These concurrent events are determined
to mean that posture has changed. Various techniques can be
utilized for step recognition. The step recognition may utilize
one or more statistical and/or signal processing algorithms.

[0083] In one aspect of the present invention, the simulta-
neous occurrence of the one or more spikes in said body
motion signal and a step change in the respiration amplitude
is considered as the body posture change of the at least one
user. The combination of one or more spikes in said body
motion signal lacking a simultaneous step change in the res-
piration amplitude is considered as a mere body movement
without static body posture change of the at least one user.
Thus it is clear that the spikes of significant threshold in body
motion signal may refer to the body movements but not nec-
essarily posture change. This is simply because body move-
ments do not always lead to the body posture change.

[0084] It should be noted that any features, phases or parts
of embodiment 21 can be freely permuted and combined with
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any of the embodiments 10, 20, 30, 40, 41 and/or 50 in a
combination of two or more embodiments in accordance with
the invention.

[0085] FIG. 3 depicts a distributed computer system for
determining the quality of sleep of at least one user in accor-
dance with the invention. In an embodiment 30 of the present
invention, the posture of a sleeping user 340 is detected using
a peripheral device 300. The peripheral device 300 is in a
communication connection 330 with the mobile subscriber
terminal 320. The peripheral device 300 includes at least one
sensor to record the body motion signal of a user.

[0086] In one embodiment of the present invention the
peripheral device includes a plurality of sensors. In some
embodiments the plurality of sensors may be dynamic sen-
sors 310 such as piezoelectric sensor and/or piezo thin film
sensors. In other embodiments the sensors may be static
sensors 360 such as one or more of the following: a strain
gauge, a capacitive sensor, a proximity sensor, a thermo-
couple, an inductive sensor etc. In another embodiment of the
present invention, the peripheral device includes both the
static sensors 360 and the dynamic sensors 310.

[0087] In some aspects of the present invention, the mea-
surement of the cardiac activities through ballistocardio-
graphy utilizes one or more piezoelectric sensors. A piezo-
electric sensor can have a crystal and when the crystal gets
deformed under a mechanical load, the crystal starts re-dis-
tribution of its electric charge to the surroundings. This piezo-
electric effect can be used to measure, e.g., pressure, accel-
eration, strain or force.

[0088] A piezoelectric sensor installed at a surface of a
deformable object, such as a mattress, can be used for mea-
suring the amount of deformation of the object when experi-
encing a mechanical load. The piezoelectric measurement has
superior sensitivity for dynamic phenomena, so it is the pri-
mary method for vital sign detection and posture detection.
Bven though having no significant static presence detection
capabilities, the variability of the piezoelectric output is also
used as a presence indicator in some embodiments, since the
human body is never completely still.

[0089] Inanembodimentofthe present invention, the strain
gauge may be used to detect the state of physical motion of the
user on the bed, by detecting the static deflection of the sensor
caused by the presence of the person. The strain gauge inte-
grated into the piezo sensors may be utilized to measure the
vibration signals occurring due to the respiration and/or other
body movements of the user. In some embodiments, the strain
gauge sensor is arranged on the elastic fabric of user mattress
in such a way that movements of the user’s chest due to
heartbeat and/or respiration lead to a fluctuating strain gauge
signal. The direct signal originating from the strain gauge in
order to record heartbeat and respiration may be communi-
cated to the mobile third party software application.

[0090] Inanotherembodiment ofthe presentinvention, two
capacitive load cells may be mounted at/on near the top and
bottom middles of the user’s bed to detect the presence of the
user by detecting an increment in the weight on the bed.
[0091] In some further embodiments of the present inven-
tion, the capacitive proximity sensor film may be used to
detect the presence of user in the proximity of one or more
sensors. For example, the presence of the user alters the
electric flux field lines of at least one capacitive proximity
sensor films which is detected. Typically the electric flux
density increases when the user lies on top of the capacitive
proximity sensor film.
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[0092] The presence of the user may also be indirectly
determined from the presence of the mobile subscriber tet-
minal, for example by determining the location of the mobile
using WiFi, GPS, BlueTooth, iBeacon, GSM, CDMA, 3G,
4G, and/or any other cellular technology.

[0093] Infurther embodiments of the present invention, the
one or more sensors of sensor device are enabled to measure
temperature differences between the one or more thermo-
couples and the sensor device. The temperature difference
between the terminals of thermocouples indicates presence of
one user, or more than one user.

[0094] In some aspects, the piezoelectric sensor and/or a
piezo thin film sensors are arranged on the elastic fabric of a
user mattress 350 in such a way that movements of the user’s
chest due to heartbeat and/or respiration lead to a mechanical
stress on the thin film of the piezoelectric sensors. The direct
signal originating from these sensors to monitor heartbeat and
respiration may be communicated to the mobile third party
software application.

[0095] Inanembodiment, the peripheral device 300 may be
in form of a thin IC device and can be placed on the user’s bed
and/or it may be adapted to be located at a remote location
with communication enabled with the one or more sensors. In
some embodiments, the peripheral device 300 can be in the
form of a thin lace or strip of soft fabric so that the user may
find it convenient to easily sleep on it.

[0096] In an embodiment of the present invention, the
peripheral device 300 includes a plurality of sensors that are
placed at multiple sensitive areas for determining the pres-
ence signals, and/or further determining the position of the
person on the bed. The plurality of sensors may determine
how many times the user exists from the bed, how many times
user changes his position, at what time user usually changes
his position or at what time the user sleep stage changes etc.
In some embodiments of the present invention, the static
sensors sense the user position and/or dimension on the bed
and dynamic sensors sense the respiration, heart rate etc.
Using the collaborated data of static and dynamic sensors, the
third party algorithm such as the one of the Beddit App or the
like may detect and/or analyze one or more of the following:
sleep stage of a user, sleeping time of a user, user presence on
bed, presence of more than one user on the bed etc.

[0097] It should be noted that any features, phases or parts
of embodiment 30 can be freely permuted and combined with
any of the embodiments 10, 20, 21, 40, 41 and/or 50 in a
combination of two or more embodiments in accordance with
the invention.

[0098] FIG. 4a demonstrates a system for determining the
quality of sleep according to an embodiment 40 of the present
invention. In the embodiment, the peripheral device 300
records the body motion signal of the sleeping user 340 in
order to detect the body movements and posture changes of
the sleeping user 340. The user 340 is sleeping on the mattress
350. In the embodiment a plurality of sensors are integrated
into the mattress 350 for detecting the presence of the user
340 and for recording the body motion signal 200. The static
posture change and the body movements may be detected by
analyzing the body motion signal 200 and the respiration
cycle amplitude 210 by a third party software application
executing on the mobile subscriber terminal 320.

[0099] The spikes of the body motion signals 200 represent
the skeletal muscle movements in the user body. As shown in
the figure, when the user 340 moves a hand while sleeping, the
spike 410 corresponding to that movement occurs in the body
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motion signal 200 without any step change in the respiration
amplitude signal 210 at that time.

[0100] This is in stark contrast to what happens e.g. at 350
minutes when the user 340 changes his posture, a spike in
body motion signal 200 with simultaneous step change 420 in
respiration amplitude signal 210 is detected. The amplitude of
the spikes shows the strength of body movements. The larger
amplitude of spikes, the larger the body movement, while
lower amplitude spikes show a smaller movement in the
user’s body. The static posture of the user 340 may be
detected using one or more static sensors.

[0101] It should be noted that any features, phases or parts
of embodiment 40 can be freely permuted and combined with
any of the embodiments 10, 20, 21, 30, 41 and/or 50 in a
combination of two or more embodiments in accordance with
the invention.

[0102] In one embodiment 41 as depicted in FIG. 44, the
mobile subscriber terminal 320 includes communication
hardware 430, user interface 440, a storage medium 450 and
a processor 470. The storage medium 450 includes a third
party software application and a memory to store a plurality
of body postures 460 and feature vectors (F.V.1, FEV.2, ...
F.V. n) associated with each body posture. The processor 470
is configured to execute the third party software application.
Further in some embodiments the storage medium 450
includes a third party software application configured to
detect the body posture of the user based on the physiological
properties of the user determined from the body motion sig-
nal, such as any of the following: respiration cycle shape,
respiration cycle amplitude, heartbeat cycle shape, heartbeat
cycle amplitude and/or presence signal value.

[0103] In an exemplary embodiment, the feature vector 1
(F.V. 1) may correspond to the body posture when the user
sleeps on his left side. The feature vector 2 (F.V. 2) may
correspond to the body posture when the user sleeps on his
stomach. The feature vector 3 (F.V. 3) may correspond to the
body posture when the user sleeps on his back with arms up
(generally called starfish posture). The feature vector 4 (F.V.
4) may correspond to the body posture when the user sleeps
on his right side. The feature vector 5 (F.V. 5) may correspond
to the body posture when the user sleeps on his left sides with
arms in their sides. The feature vector 6 (F.V. 6) may corre-
spond to the body posture when the user sleeps on his right
sides with folded legs. The feature vector 7 (F.V. 7) may
correspond to the body posture when the user sleeps on his
back with down arms. The feature vector n (F.V. n) may
correspond to the body posture when the user sleeps on his
right side with down arms on their sides. Many other feature
vectors can be assigned for the body postures of the user in
accordance with the invention.

[0104] In one embodiment, the feature vector can be
assigned on the basis of user’s dimensions on the bed. Then
each feature vector may be associated with a sleep parameter,
for example if the user is sleeping with folded leg and in curl
posture, the third party software application may assume that
the user is suffering from anxiety.

[0105] Thehuman body postures are classified in FIG. 4bin
a 2*4 posture matrix, each associated with a feature vector.
The posture classification may be performed by a variety of
methods. Some postures may be classified through support
vector machines (SVM) or some other suitable classifier such
as artificial neural network in accordance with the invention.
The posture of the at least one user can be determined by
classifying the feature vectors. In the embodiment, a classifier
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is arranged to know how the features of body motion signal
are known to look like in different user body postures based
on reference data in data storage. The parameters of the fea-
ture vectors include the at least one physiological property
determined from the body motion signal (respiration cycle
shape. respiration cycle amplitude, heartbeat cycle shape,
heartbeat cycle amplitude, presence signal value).

[0106] Inthe embodiment, a posture reference data may be
accessible in online and/or off-line mode, and the posture
reference data may include one or more sets of posture
according to each user of the distributed computer system. In
the posture reference data a feature vector may be assigned to
the each body motion and/or posture. When a posture change
is detected, a camera may capture an image or a recording
module records the posture statistics and may communicate
the data to the mobile subscriber terminal 320. The classifier
may utilize various techniques to compare the feature vector
with the posture recorded by the distributed computing sys-
tem to calculate a degree of similarity.

[0107] Further, the third party software application is
arranged to store images and/or data of body postures of the at
least one user during sleep into data storage, and display said
images and/or data later on screen of said mobile subscriber
terminal. The images may be real time still images and/or
motion pictures. The classifier and/or the third party software
application may be arranged to classify one or more users
according to their physical statistics such as height, weight
etc. In this way the classifier and/or the third party software
application will be able to recognize the one or more users and
may record the posture data corresponding to the each user.

[0108] Tt should be noted that any features, phases or parts
of embodiment 41 can be freely permuted and combined with
any of the embodiments 10, 20, 21, 30, 40 and/or 50 in a
combination of two or more embodiments in accordance with
the invention.

[0109] Referring to FIG. 5, an embodiment 50 of the
present invention provides a method of determining the qual-
ity of sleep of at least one user.

[0110] The method is initiated at step 500. At step 510, the
at least one sensor of the peripheral device records the body
motion signal, which is a ballistocardiographic signal in this
case. At step 520, a communication connection between the
peripheral device and the mobile subscriber terminal is
arranged to communicate the said body motion signal to the
third party software application executing on the mobile sub-
scriber terminal.

[0111] Further, in step 530, the peripheral device commu-
nicates the body motion signal to a third party software appli-
cation. The third party application is arranged to determine
one or more parameters from the signals such as respiration
cycle shape, respiration cycle amplitude, heartbeat cycle
shape, heartbeat cycle amplitude and the presence signal etc.
[0112] Thereafter at step 540, the quality of sleep is deter-
mined from said body motion signal based on skeletal muscle
body posture changes. The posture change may be detected
by comparing the simultaneity of spikes in the body motion
signal and the step change in the respiration cycle amplitude.
[0113] At step 550, the third party software application
checks if there is any step change in respiration amplitude
corresponding to one or more spikes in body motion signal at
atime.

[0114] At step 560, it is checked if there is a simultaneous
step change in respiration amplitude with the one or more
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spikes in body motion signal. If there is none, then the third
party software application assumes it is only a body move-
ment and returns to step 510.

[0115] Ifthere is a simultaneous step change in respiration
amplitude with the one or more spikes in body motion signal,
the third party software application will assume it as the static
posture change of at least one user in step 570.

[0116] Furthermore at step 580, the third party software
application arranges the classifier software (such as support
vector machine (SVM) or artificial neural network) to know
how the features of body motion signal are known to look like
in different user body postures. Thereafter, at step 590, the
body posture of at least one user by classifying feature vectors
is determined.

[0117] At step 592, the image and/or data of body postures
of the at least one user by third party application is stored to
data storage. Subsequently, at step 594 the image and/or data
of body postures of the at least one user is displayed on the
screen of the mobile subscriber terminal. In some embodi-
ments of the invention the postures are displayed on the
mobile subscriber terminal screen as a video, fast-forward
video, or slow-forward video or any other video.

[0118] The method is terminated at step 596.

[0119] It should be noted that any features, phases or parts
of embodiment 50 can be freely permuted and combined with
any of the embodiments 10, 20, 21, 30, 40, and/or 41 in a
combination of two or more embodiments in accordance with
the invention.

[0120] In some other embodiments of the invention, the
mobile third party software application may be configured to
generate sleep reports of one or more users. The mobile third
party software application may also communicate the user
sleep reports to one or more centralized server or hub, which
may be located at e.g. hospitals and/or clinics. The mobile
third party software application can also be configured to
share user sleep data with one or more mobile applications for
further analysis.

[0121] Some or all of the aforementioned advantages of the
invention are accrued by the integration of the static sensor
310 and the dynamic sensor 360 in the at least one sensor of
the peripheral device 300. The dynamic sensors 360 may be
any sensor that can detect the motion signals (due to muscles,
heartbeats, respiration etc.) including but not limited to a
piezoelectric sensor and/or a piezo thin film sensors. The
static sensors 310 may include one or more sensors to detect
the presence and static parameters (weight, temperature etc.)
of the at least one user including but not limited to a strain
gauge, a capacitive sensor, a proximity sensor, a thermo-
couple, an inductive sensor etc.

[0122] The best mode of the invention is the system
wherein a peripheral device 300 comprises an integrated sen-
sor that includes both dynamic 360 and static sensors 310, and
provides the recording of body motion signal 200 and pres-
ence signal to the third party software application of the
mobile subscriber terminal 320. The integrated sensor pro-
vides a great advantage in accurately measuring the presence
of at least one user 340. Further, in the best mode, the simul-
taneous spike inthe body motion signal 200 and the step in the
respiration amplitude 210 are interpreted as a change of body
posture, whereas only spikes in body motion signal 200 typi-
cally indicate the mere body movements. Further, in another
preferred mode of the invention, the mobile third party soft-
ware application is enabled to determine the quality of sleep
of more than one user using the one or more physical statistics
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detected by the sensor elements. The combination of above
mentioned sensor elements used in determination of the one
or more physical statistics enables the distributed computer
system to determine the posture of more than one user more
precisely. Further, various algorithms may be deployed to
analyze the posture of more than one user and to determine
the physical and physiological conditions (such as whether
and to what extent the user is relaxed, in stress, in fever etc.)
using the combination of various sensing data such as (respi-
ration, breath, blood pressure, posture and position etc.).

[0123] It should specifically be noted that the respiration
amplitude signal may be replaced by a measured signal of
respiration cycle shape, respiration cycle amplitude, heart-
beat cycle shape, heartbeat cycle amplitude and/or presence
signal, and in an equal manner the concurrency of spike or
step change in the two signals (body motion signal+physi-
ological property signal extracted therefrom) will signify
body posture change of user.

[0124] An embodiment of the invention provides a com-
puter program product for recording and analyzing the body
motion signal of at least one user by the computing device.
The computer device includes at least one non-transitory
computer-readable storage medium having computer read-
able program code portions stored therein. The said com-
puter-readable program code portions comprise instructions
to implement the aforementioned method of determining the
quality of sleep. The exemplary methods described above are
typically stored on a computer readable storage medium,
which may be any device that can store code for use by a
computer system, mobile computer system and/or other com-
puter systems. The computer-readable storage medium
includes, but is not limited to volatile memory, non-volatile
memory, magnetic and optical storage devices such as disk
drives, magnetic tape, CDs compact discs, DVDs digital ver-
satile discs or digital video discs, or other media capable of
storing program code now known or later developed.

[0125] Furthermore, methods described herein can be
embossed on hardware modules or apparatus. These modules
or device may include, but are not limited to, an application-
specific integrated circuit ASIC chip, a field-programmable
gate array FPGA, a dedicated or shared processor that
executes a particular software module or a piece of code at a
particular time, and/or other programmable-logic devices
known or later developed. When the hardware modules or
apparatus are activated, they perform the methods and pro-
cesses included within them.

[0126] It should be noted that any features, phases or parts
of any embodiment 10, 20, 21, 30, 40, 41 and/or 50 can be
freely permuted and combined with any of the embodiments
10, 20, 21, 30, 40, 41 and/or 50 in a combination of two or
more embodiments in accordance with the invention.

[0127] Various alternatives and modifications can be made
to the aforementioned embodiments. It should further be
noted that the embodiments described above may be used in
both ways either individually or two or more embodiments
may be combined according to the user’s need. The embodi-
ments should not be limited by their names. For example, the
construction of any sensors, e.g. proximity sensors may take
on any of a variety of forms, including, but not limited to, an
ultrasonic sensor, a capacitive sensor, a photoelectric sensor,
an inductive sensor, a camera, a light sensor such as a photo
detector, a sound sensor such as a microphone, a mechanical
sensor and/or the combination(s) thereof.
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[0128] Further, another preferred mode of the invention is
where the peripheral device 300 includes one or more sensors
being integrated with the one or more sensor elements includ-
ing but not limited to the strain gauge, capacitive sensors,
proximity sensors, thermocouples, inductive sensors, excited
piezo film and their combination thereof. In the preferred
embodiment, the peripheral device can be integrated in to the
mattress 350 of user.

[0129] The invention has been explained before primarily
with reference to the embodiment wherein the following
phases occur:

1. Recording using a peripheral device,

2. Communicating the signal to a third party software appli-
cation executing in a mobile subscriber terminal,

3. Determining body posture changes in the mobile sub-
scriber terminal. This is believed to be the best mode in terms
of network topology.

[0130] However, the invention is not limited to this network
topology or these phases. In one alternative both the recording
of the signal and the determination of the body posture
changes are done on the peripheral device. In another
embodiment the signal is recorded at the peripheral device,
then communicated to a server in a cloud service, and the
body posture changes are determined in the cloud service.
[0131] The foregoing detailed description will provide
those skilled in the art with precise disclosure for implement-
ing an exemplary embodiment of the invention, it being
understood that various changes may be made in the methods
and order of steps described in an exemplary embodiment
without departing from the scope of the invention as set forth
in the appended claims and their legal equivalents. The inven-
tion has been explained above with reference to the afore-
mentioned embodiments. However, it is clear that the inven-
tion is not only restricted to these embodiments, but includes
all possible embodiments within the spirit and scope of the
inventive thought and the following patent claims.
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1. A method of determining quality of sleep of at least one
user (340), the method comprising;

recording (100) a body motion signal (200) using a periph-
eral device (300);

arranging (110)a communication connection between said
peripheral device (300) and a mobile subscriber terminal
(320);

communicating (120) said body motion signal (200) to a
third party software application executing in said mobile
subscriber terminal (320); characterized in that,

determining (140)body posture changes of said at least one
user (340) using both said body motion signal (200) and
a respiration cycle amplitude (210) signal of the user,
wherein the determination of body posture changes of
said at least one user (340) is used in determining the
quality of sleep.
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2. The method as claimed in claim 1, characterized in that,
oneormore of the following physiological properties is detet-
mined from said body motion signal (200) and/or used
instead of or in combination with said respiration cycle ampli-
tude signal:

respiration cycle shape,

heartbeat cycle shape,

heartbeat cycle amplitude, and

value of presence signals.

3. The method as claimed in claim 1, characterized in that,
one or more spikes in said body motion signal (200) are
interpreted as bodv movements of said at least one user (340),
and/or

one or more spikes in said body motion signal (200) and a

step change in said respiration cycle amplitude (210)
occurring simultaneously is determined to correspond to
a body posture change of said at least one user (340),
and/or

one or more spikes in said body motion signal (200) lack-

ing a simultaneous step change in said respiration cycle
amplitude (210) is determined to correspond to body
movements but not a static body posture change of said
at least one user (340).

4. The method as claimed in claim 1, characterized in that,
the posture of said at least one user (340) is determined by
classifying feature vectors describing the body posture, said
classifier being arranged to know how the features of said
body motion signal (200) look like in said at least one user’s
(340) different body postures based on reference data in data
storage, wherein parameters of said feature vector include the
at least one physiological property determined from the body
motion signal (respiration cycle shape, respiration cycle
amplitude, heartbeat cycle shape, heartbeat cycle amplitude,
presence signal value).

5. The method as claimed in claim 1, characterized in that,
said third party software application stores images and/or
data of body postures of said at least one user (340) during
sleep into data storage, and displays said images and/or data
later on a screen of said mobile subscriber terminal (320).

6. The method as claimed in claim 1, characterized in that,
said body posture change is determined based on the respira-
tion cycle amplitude of said body motion signal (200) of said
at least one user (340), and said respiration cycle amplitude
signal is analyzed with a step recognition method.

7. The method as claimed in claim 1, characterized in that,
said peripheral device (300) comprises at least one sensor.

8. The method as claimed in claim 1, characterized in that,
said peripheral device (300) comprises at least one dynamic
sensor (310) selected from one or more of a piezoelectric
sensor and a piezo thin film sensors, and/or

the peripheral device (300) comprises at least one static

sensor (360) selected from one or more of a strain gauge,
a capacitive sensor, a proximity sensor, a thermocouple,
and an inductive sensor, and/or

the peripheral device (300) comprises at least one dynamic

sensor (310) and at least one static sensor (360).

9. The method as claimed in claim 1, characterized in that,
the peripheral device (300) comprises at least one sensor that
is placed at multiple sensitive areas for determining presence
signals, and/or further determining position of a person on the
bed.

10. A distributed computer system for determining quality
of sleep of at least one user (340), the distributed computer
system comprising:
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a mobile subscriber terminal (320);

aperipheral device (300) arranged to record a body motion
signal (200) and to communicate said body motion sig-
nal (200) to a third party software application: charac-
terized in that,
the mobile subscriber terminal (320) comprises a processor
(470) to execute the third party software application,
wherein the third party application is arranged to deter-
mine body posture changes of the at least one user (340)
based on said body motion signal (200) and a respiration
cycle amplitude (210) signal of the user, wherein the
determination of the body posture changes of said at
least one user is configured to be used in determining the
quality of sleep.
11. The distributed computer system as claimed in claim
10, characterized in that, one or more of the following physi-
ological properties is configured to be determined from said
body motion signal (200) and/or configured to be used instead
of or in combination with said respiration cycle amplitude
signal:
respiration cycle shape,
heartbeat cycle shape,
heartbeat cycle amplitude, and
value of presence signals.
12. The distributed computer system as claimed in claim
10, characterized in that, one or more spikes in said body
motion signal (200) are configured to be interpreted as body
movements of the at least one user (340), and/or
one or more spikes in said body motion signal (200) and a
step change in the respiration cycle amplitude (210)
occurring simultaneously is configured to correspond to
the body posture change of at least one user (340), and/or

one or more spikes in said body motion signal (200) lack-
ing a simultaneous step change in the respiration cycle
amplitude (210) is configured to correspond to the body
movement but no static body posture change of the at
least one user (340).

13. The distributed computer system as claimed in claim
10, characterized in that, the posture of the at least one user
(340) is arranged to be determined by classifying feature
vectors describing the body posture; said classifier being
arranged to know how the features of body motion signal
(200) are known to look like in different user (340) body
postures based on reference data in data storage, wherein
parameters of said feature vector include the at least one
physiological property determined from the body motion sig-
nal (respiration cycle shape, respiration cycle amplitude,
heartbeat cycle shape, heartbeat cycle amplitude, presence
signal value).

14. The distributed computer system as claimed in claim
10, characterized in that, said third party software application
is configured to store images and/or data of body postures of
the at least one user (340) during sleep into data storage, and
is configured to display said images and/or data later on
screen of said mobile subscriber terminal (320).

15. The distributed computer system as claimed in claim
10, characterized in that, said body posture change is
arranged to be determined based on the respiration cycle
amplitude of the body motion signal (200) of the at least one
user (340), and said respiration cycle amplitude signal is
configured to be analyzed with a step recognition method.

16. The distributed computer system as claimed in claim
10, characterized in that, the peripheral device configured to
comprise at least one sensor.
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17. The distributed computer system as claimed in claim
10, characterized in that, the peripheral device (300) is
arranged to comprise at least one dynamic sensor (310)
selected from one or more of a piezoelectric sensor and a
piezo thin film sensors.

18. The distributed computer system as claimed in claim
10, characterized in that, the peripheral device (300) is con-
figured to comprise at least one static sensor (360) selected
from one or more of a strain gauge, a capacitive sensor, a
proximity sensor, a thermocouple, and an inductive sensor.

19. The distributed computer system as claimed in claim
10, characterized in that, the peripheral device (300) is
arranged to comprise at least one dynamic sensor (310) and at
least one static sensor (360).

20. The distributed computer system as claimed in claim
10, characterized in that, said the peripheral device (300) is
arranged to comprise at least one sensor that is configured to
be placed in multiple sensitive areas for determining presence
signals, and/or further configured to determine the position of
a person on the bed.

21. A computer program product for determining the qual-
ity of sleep of at least one user (340), the computer program
product comprising at least one non-transitory computer-
readable storage medium having computer-readable program
code portions stored therein, said computer-readable pro-
gram code portions comprising instructions for:

recording (100) a body motion signal (200) using a periph-

eral device;
arranging (110) a communication connection between the
peripheral device (300) and a mobile subscriber terminal
(320):

communicating (120) said body motion signal (200) to a
third party software application executing in said mobile
subscriber terminal (320); characterized in that,

determining (140) body posture changes of the at least one
user based on said body motion signal (200) and a res-
piration cycle amplitude signal of the user, wherein the
determination of the body posture changes of said at
least one user is used to determine the quality of sleep.

22. The computer program product as claimed in claim 21,
characterized in that, one or more of the following physi-
ological properties is configured to be determined from said
body motion signal (200) and/or configured to be used instead
of or in combination with said respiration cycle amplitude
signal:

respiration cycle shape,

heartbeat cycle shape,

heartbeat cycle amplitude, and

value of presence signals.

23. The computer program product as claimed in claim 21,
characterized in that, one or more spikes in said body motion
signal (200) are configured to be interpreted as body move-
ments of the at least one user (340).

24. The computer program product as claimed in claim 21,
characterized in that, one or more spikes in said body motion
signal (200) and a step change in the respiration cycle ampli-
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tude (210) occurring simultaneously is configured to corre-
spond to the body posture change of at least one user (340).

25. The computer program product as claimed in claim 21,
characterized in that, one or more spikes in said body motion
signal (200) lacking a simultaneous step change in the respi-
ration cycle amplitude (210) is configured to correspond to
the body movement but no static body posture change of the
at least one user (340).

26. The computer program product as claimed in claim 21,
characterized in that,

the posture of the at least one user (340) is configured to be

determined by classifying feature vectors describing the
body posture;

said classifier is arranged to know how the features of body

motion signal (200) are known to look like in different
user (340) body postures based on reference data in data
storage;

parameters of said feature vector include the at least one

physiological property determined from the body
motion signal (respiration cycle shape, respiration cycle
amplitude, heartbeat cycle shape, heartbeat cycle ampli-
tude, presence signal value).

27. The computer program product as claimed in claim 21,
characterized in that, said third party software application is
configured to store images and/or data of body postures of the
at least one user (340) during sleep into data storage, and
configured to display said images and/or data later on screen
of said mobile subscriber terminal.

28. The computer program product as claimed in claim 21,
characterized in that, said body posture change is determined
based on the respiration cycle amplitude of the body motion
signal (200) of the at least one user (340), and said respiration
cycle amplitude signal is configured to be analyzed with a
step recognition method.

29. The computer program product as claimed in claim 21,
characterized in that, the peripheral device is arranged to
comprise at least one sensor.

30. The computer program product as claimed in claim 21,
characterized in that, the peripheral device (300) is config-
ured to comprise at least one dynamic sensor (310) selected
from one or more of piezoelectric sensor and a piezo thin film
sensors, and/or

the peripheral device (300) is configured to comprise at

least one static sensor (360) selected from one or more of
a strain gauge, a capacitive sensor, a proximity sensor, a
thermocouple, and an inductive sensor, and/or
the peripheral device (300) is arranged to comprise at least
one dynamic sensor (310) and at least one static sensor
(360), and/or

said the peripheral device (300) is arranged to comprise at
least one sensor that is configured to be placed on mul-
tiple sensitive areas for determining presence signals,
and/or further configured to determine the position of a
person on the bed.
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