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FIG. 4A
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FIG. 4B
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SLEEP MEASUREMENT COMPUTER
SYSTEM

TECHNICAL FIELD OF INVENTION

[0001] The present invention relates to a system for mea-
suring sleep by detecting various sleep parameters. More
particularly, the present invention is related to a sleep mea-
surement computer system and method configured to deduce
starting time of sleep.

BACKGROUND

[0002] Sound sleep has always been considered vital for
health of living beings. Abnormal sleep habits may lead to
many health disorders. Some sleep disorders are very unsafe
and may affect the physical and psychological functioning of
human body. Further, even small quality improvements in
sleep result in significant improvements in the overall quality
of life and wellness over long time frames. Accordingly,
various devices and tests are available for detecting, monitor-
ing and/or recording sleep parameters.

[0003] The Applicant has devised a sleep measurement
product that involves an App installed on the iPhone, which is
in a wireless communication connection via Bluetooth with a
sensor device that is placed underneath the mattress of the
sleeping user. In this system, the user indicates by pressing an
icon on the touch screen of the mobile phone that he starts to
sleep, and thus the system begins measurement. Coinciden-
tally, this icon is labelled “Start sleeping” in the Beddit App,
which is publicly available in the Apple iOS App Store.
[0004] The current solution of the Applicant uses only
piezoelectric sensors to measure the movement of the person
on the bed.

[0005] The US patent application US2014/0269224 Al
discloses a system to determine the necessity of a snooze
alarm by detecting whether the user is awake or asleep. The
system determines at the current time when the user is asleep,
but in doing so benefits from the recent data when the user
was, in fact, asleep. This document is incorporated here as
reference. The determination of the sleep state of a user is of
course easier when history data from the whole night is at the
disposal of the system as in the prior art.

[0006] However, none of the available prior art disclosures
provide any method to automatically detect the starting time
of sleep. This is a difficult problem as the sleep parameters
need to be compared against an active user in the evening, or
if the comparison is made to data from the preceding night,
the data might be off calibration.

[0007] Also, systems available in the prior art are designed
only to be used by a single person and are incapable of
determining the presence of more than one person starting
sleep on a sleeping mattress.

[0008] In light of the above discussion yet unrealised tech-
nologies are needed that can be used to overcome one or more
problems associated with the prior art.

SUMMARY

[0009] The invention under study is directed towards a sys-
tem and a method for effectively measuring the sleep of at
least one user. The present invention discloses a sleep mea-
surement computer system comprising at least one sensor
device that is arranged to be installed into the bed of a user.
The sensor device comprises one or more sensors configured
to work, either alone or in combination. The at least one
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sensor device is further adapted to communicate with a
mobile third party client application that is configured to
measure sleep parameters of the user based on the communi-
cation with the at least one sensor device.
[0010] In an embodiment of the present invention, the
mobile third party client application is configured to auto-
matically deduce a starting time of sleep, based on data
received from the at least one sensor device, without the user
indicating the start of sleep manually. The data is received at
amobile subscriber terminal on which the mobile third party
client application is installed and/or from any other peripheral
device of the mobile subscriber terminal.
[0011] It is a further object of the invention to provide a
sleep measurement computer system configured to automati-
cally deduce the start time of sleep of a user without the need
of any administrative support from the user for turning on
sleep measurement manually.
[0012] In another embodiment of the invention, the sleep
measurement is arranged to be started on the occurrence of
one or more start of sleep signalling events, either alone or in
combination. The one or more sleep events signalling start of
sleep include the detection of the entry of the user on the bed,
switching off the light by the user and/or entry of the mobile
subscriber terminal to the proximity of one or more sensors.
[0013] Inanother embodiment of the present invention, the
sleep measurement is arranged to be automatically ended
when the at least one user exits the bed.
[0014] The one or more sensors are preferably the piezo
thin film sensors that are further integrated with one or more
sensor elements including but not limited to a strain gauge,
capacitive sensors, proximity sensors, thermocouples, induc-
tive sensors and excited piezo thin film sensors etc.
[0015] It is a further object of the invention to provide a
sleep recording method for measuring sleep of at least one
user. The method starts by initiating a communication chan-
nel between a sensor device and a mobile third party client
application. Further, the sensor device communicates the
sleep parameters to the mobile third party client application
and the mobile third party client application automatically
deduces the start of sleep time based on the sleep parameters
received from the sensor device, without the need for the user
to indicate start of sleep.
[0016] In other embodiments of the invention, the sensor
device can communicate one or more sleeping parameter to
the mobile third party client application including the user
presence on the bed, time, sound levels of snoring, ballisto-
cardio-graphic data, respiration rate, heart rate, skeletal
muscle movement of the user while sleeping etc.
[0017] It is yet an object of the invention to provide a
computer program product for recording the sleep of at least
one user by a computing device, comprising at least one
non-transitory computer-readable storage medium having
computer-readable program code portions stored therein. The
computer-readable program code portions including instruc-
tions are arranged to implement the aforementioned sleep
recording method.
[0018] A sleep measurement computer system, comprising
atleast one sensor device comprising one or more sensors, the
at least one sensor device arranged to be installed into the bed
of at least one user is in accordance with the invention and
characterized in that,
[0019] said at least one sensor device is adapted to com-
municate with a mobile third party clientapplication, the
mobile third party client being configured to measure
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sleep parameters of said at least one user based on the
communication with the at least one sensor device; and

[0020] said mobile third party client application being
configured to automatically deduce a starting time of
sleep, based on data received from the at least one sensor
device, without said user indicating start of sleep, the
data being received at a mobile subscriber terminal on
which said mobile third party client application is
installed and/or from any other peripheral device or
incorporated device of said mobile subscriber terminal.

[0021] A sleep recording method to be implemented by a
computing device, the method comprising the following steps
is in accordance with the invention and characterized in that,

[0022] detecting occurrence of one or more sleep events
of a user, either alone or in combination by one or more
sensors;

[0023] initiating a communication channel between the
at least one sensor device and a mobile third party client
application;

[0024] communicating sleep parameters from the at least
one sensor device to the mobile third party client appli-
cation;

[0025] automatically deducing start of sleep time based
on the sleep parameters received from the at least one
sensor device, without said user indicating start of sleep.

[0026] A computer program product for recording sleep of
user by a computing device, 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 program
code portions comprising instructions in accordance with the
invention and characterized in that,

[0027] occurrence of one or more sleep events of a user is
arranged to be detected, either alone or in combination
by one or more sensors;

[0028] a communication channel between the at least
one sensor device and a mobile third party client appli-
cation is arranged to be initiated,;

[0029] sleep parameters from the at least one sensor
device to the mobile third party client application are
arranged to be communicated,;

[0030] start of sleep time based on the sleep parameters
received from the at least one sensor device is arranged
to be automatically deduced, without said user indicat-
ing start of sleep.

[0031] According to an embodiment of the invention, the
one or more sensors are arranged to form a matrix of sensors
to be placed inside the fabric of bed. Preferably, the matrix of
sensors is enabled to detect the presence of more than one user
in the bed.

[0032] Some or all of the aforementioned advantages of the
invention are accrued by the matrix of sensors arranged to
detect the presence of more than one user in the bed for the
measurement of sleep parameters of the at least one user.
[0033] In addition and with reference to the aforemen-
tioned advantage accruing embodiments, the best mode of the
invention is believed to be represented by an embodiment in
which one or more thin film piezo sensors are integrated with
a plethora of different types of static sensors, namely the
strain gauge sensor and the capacitive load cell sensor and the
capacitive proximity sensor and the thermocouple and the
inductive proximity sensor. There may be a plurality or just a
single sensor of each type in the best mode. In the best mode
the sensor device is arranged to communicate with the mobile
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third party client application, which application is arranged to
determine the start of sleep automatically from sensor and/or
other measurements without the user needing to manually
specify when he starts to sleep. The combination of thin film
piezo sensors (dynamic measurement technique) with a plu-
rality of different static measurement techniques is especially
preferable. This is because the combination of static measure-
ment (is the user weighing on the bed) when combined with
dynamic (is there a human moving on the bed) allows the
computer system to accurately determine when in fact the
user starts to sleep, without receiving any input from the user
itself. The improved sensor technology in the best mode
preferably allows the system to also automatically detect and
distinguish between the time points of when the user goes to
bed, i.e. turns of the lights and lies on the bed, and also when
the user, whilst lying in bed, falls asleep. In the best mode,
after the automatic detection of either the user in bed or the
user falling asleep or both the recording of the sleep data
begins automatically and the time spent lying in bed and the
time spent asleep are preferably distinguished and displayed
to the user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] In the following the invention will be described in
greater detail with reference to exemplary embodiments in
accordance with the accompanying drawings, in which:
[0035] FIG. 1 demonstrates an embodiment of the sleep
measurement computer system 10 comprising a sensor
device 120 that is adapted to communicate with a mobile third
party client application 170 in accordance with the invention.
[0036] FIG. 2 demonstrates an embodiment 20 of the sleep
measurement computer system with a strain gauge 210 inte-
grated with a piezo thin film sensor in accordance with the
invention.

[0037] FIG. 3 demonstrates an embodiment 30 of the sleep
measurement computer system with a capacitive load cell
sensor 310 integrated with a piezo thin film sensor in accor-
dance with the invention.

[0038] FIG. 4A demonstrates an embodiment 40 of the
sleep measurement computer system with a capacitive prox-
imity sensor 410 integrated with the piezo thin film sensor in
accordance with the invention.

[0039] FIG. 4B demonstrates an embodiment 41 of the
sleep measurement computer system with a capacitive prox-
imity sensor 410 integrated with the piezo thin film sensor
with a different electrode design in accordance with the
invention.

[0040] FIG. 5 demonstrates an embodiment 50 of the sleep
measurement computer system with thermocouples 510 inte-
grated with the piezo thin film sensor in accordance with the
invention.

[0041] FIG. 6 demonstrates an embodiment 60 of the sleep
measurement computer system with an inductive proximity
sensor 610 integrated with the piezo thin film sensor in accor-
dance with the invention.

[0042] FIG. 7 demonstrates an embodiment 70 of the sleep
measurement computer system with a matrix of sensors 710
used to detect the presence of more than one user in the bed for
the sleep measurement of at least one user in accordance with
the invention.

[0043] FIG. 8 demonstrates a flowchart illustrating a sleep
recording method in an embodiment 80 when a user is in the
bed in accordance with the invention.
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[0044] FIG. 9 demonstrates a flowchart illustrating a sleep
recording method in another embodiment 90 when more than
one user is in the bed in accordance with the invention.
[0045] The features of the invention illustrated above and
below in the specification, are described 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

[0046] Itshould be noted that the terms “a” or “an”, as used
herein, may be defined as one or more than one. The term
“another”, as used herein, is defined as at least a second or
more. The terms “including” and/or “having” as used herein,
are defined as comprising i.e. open transition.

[0047] In addition, features, functions and mechanisms
described herein are not limited to any particular sequence,
and the blocks or states relating thereto can be performed in
other sequences that are appropriate. For example, described
blocks or states may be performed in an order other than that
specifically disclosed, or multiple blocks or steps may be
combined into a single block or step.

[0048] Referring to FIG. 1, in accordance with an embodi-
ment of the invention, there is shown a sleep measurement
computer system 10. The sleep measurement computer sys-
tem 10 includes at least one sensor device 120 installed into a
bed 110 to detect at least one of the sleep parameter of at least
one user. The sensor device 120 further includes one or more
sensors 130, a control unit 140 and a communication sub-
system 150. The one or more sensors 130 of the sensor device
120 are preferably piezo thin film sensors that are configured
to work alone or in combination with similar type sensors or
various other sensors of different types. The sensor device
120 is further arranged to communicate with a mobile third
party client application 170 being installed on a computing
device. In an embodiment of the invention, the computing
device is a mobile subscriber terminal 180 that is arranged to
communicate with the sensor device 120 and measure sleep
parameters of the at least one user.

[0049] In another embodiment of the invention, the com-
puting device is computer system 160. In other embodiments
of the invention, the computing device may be any device
including but not limited to mobile phone, tablet, personal
computer and any other device now known or later developed.
[0050] In yet an another embodiment of the invention, the
communication subsystem 150 is configured to enable com-
munication between the at least one sensor device 120 and the
mobile third party client application 170 stored on the mobile
subscriber terminal 180. The communication starts when the
communication subsystem initiates a communication chan-
nel between the sensor device 120 and the mobile subscriber
terminal 180. The communication subsystem 150 is config-
ured to utilize the wired or wireless networks that may
include, but not limited to CDMA, GSM, UMTS, HSPA,
EV-DO, EV-DO rev. A, 3GPP LTE, WiMAX, Wi-Fi, Blue-
tooth, Low Energy Bluetooth, Internet, telephony, or other
communication formats including combinations thereof.
[0051] Inafurther embodiment of the invention, the mobile
third party client application 170 is arranged to automatically
deduce a starting time of sleep, based on data received from
the at least one sensor device 120, to a mobile subscriber
terminal 180 in which the mobile third party client applica-
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tion 170 is installed and/or from any other peripheral device
of said mobile subscriber terminal without said user indicat-
ing start of sleep actively.

[0052] According to an embodiment of invention, the sleep
parameters are the parameters including but not limited to the
user presence on the bed, time, sound level of snoring, bal-
listocardio-graphic data, respiration rate, heart rate, light and/
or intensity in the proximity of the user, sensor and/or mobile
subscriber terminal and skeletal muscle moverment of the at
least one sleeping user etc. A photodetector may be placed
on/in the mobile subscriber terminal or sensor device to detect
light intensity levels, e.g. the event when lights are turned off
from the room in selected embodiments. In some embodi-
ments a photodetector already present in the mobile sub-
scriber terminal, for example a detector associated with the
brightness control of the display, may be used. Similarly a
sound detector can be realised either in the mobile subscriber
terminal or in the sensor device to detect sound intensity
levels. Tt is usually silent for a while when sleeping starts,
after which the snoring may start. In some embodiments the
existing microphone in the mobile subscriber terminal is used
to detect sound levels. For example in some embodiments the
microphone input signal is read by the 3 party application,
via an API (Application Programmer Interface) or otherwise
to determine sound levels.

[0053] In a further embodiment of invention, the sensor
device measures signals obtained from one or more sensors at
certain times and sends data to a communication hub at cer-
tain times (e.g. the user’s mobile device). The communication
hub may be a personal computing system or may be a cen-
tralized computer system.

[0054] 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, 30, 40, 41, 50, 60, 70, 80, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0055] Inthe following FIGS. 2-9 the strain gauge and all of
the other following measurement methods have advantage
over the piezoelectric measurement, since they have capabil-
ity to detect static presence of the person, unlike the piezo-
electric measurement, which can only detect dynamic phe-
nomena. Static presence indication is very preferably used to
deduce starting time of sleep. These sensors, excluding the
piezoelectric measurement, are referred to as static measure-
ment sensors in this application.

[0056] The piezoelectric measurement has superior sensi-
tivity for dynamic phenomena, so it is the primary method for
vital sign detection and sleep measurement. Even though
having no static presence detection capability, the variability
of the piezoelectric output is also used as a presence indicator
in some embodiments, since the human body is never com-
pletely still.

[0057] Preferable embodiments of the invention are cur-
rently envisioned to be found in the combinations of the
piezoelectric measurement with any of the other measure-
ment technologies discussed with FIGS. 2-9 and embodi-
ments 20-90. However, other embodiments may be good and
practical also in accordance with the invention.

[0058] Referring to FIG. 2, in an embodiment 20 of the
invention, a strain gauge 210 is shown to beintegrated into the
film of one or more sensors of the sensor device 120. The
strain gauge 210 is used to detect the state of physical motion
of the user 220 on the bed. by detecting the static deflection of
the sensor caused by the presence of the person. The strain
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gauge 210 integrated into the piezo sensors may measure the
vibration signals occurring due to the respiration and/or other
body movements of the user 220. As depicted in FIG. 2, the
sensor device 120 may include other strain gauge 250 being
integrated with the one or more sensors to detect the sleep
parameters.

[0059] 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 heart beat and/or
respiration lead to a fluctuating strain gauge signal. The direct
signal originating from the strain gauge in order to monitor
heart beat and respiration may be communicated to the
mobile third party client application 170.

[0060] According to a further embodiment of the invention,
the strain gauge 210 is provided in the piezo thin film sensor.
Generally, strain gauge 210 consists of a flexible film that can
be incorporated with the thin film of piezo thin film sensors.
However, according to yet another embodiment of the inven-
tion, two or more strain gauges 210, 250 are provided in the
piezo thin film sensors. This provides for a higher sensitivity
to measure the sleep parameters. This has the advantage that
the user’s static presence becomes available. For example, if
high fluctuations in the strain gauge signals are detected, a
serious health condition may be assumed by the mobile third
party client application 170.

[0061] 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, 30, 40, 41, 50, 60, 70, 80, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0062] In another embodiment 30 of the invention as
depicted in FIG. 3, one or more sensors are integrated with
one or more capacitive load cells 310, 320 that include a
capacitive foam material placed between two metal electrode
films. The capacitive load cell 310, 320 integrated with one or
more sensors are further configured to be integrated into a
fabric of the bed in some embodiments. In one embodiment of
the invention, the capacitive load cell 310, 320 includes a
capacitive foam material of thickness 1.0 mm that is placed
between two metal electrode films.

[0063] In an exemplary embodiment, two capacitive load
cells 310, 320 may be mounted at or near the top and bottom
middles of the user’s bed to detect the presence of user by
detecting an increment in the weight on the bed. Various
algorithms may utilize the various combinations of the
capacitive load cell 310, 320 to detect the weight of the user
220 on the bed, exit of the user from the bed and the presence
of more than one user 220 on the bed. The output signals of
the capacitive load cells, which may typically be arranged as
voltage or current level outputs, may be digitized for process-
ing by a control unit of the sensor device 120 and further
communicated to the mobile third party clientapplication 170
in some embodiments.

[0064] 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, 40, 41, 50, 60, 70, 80, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0065] In another embodiment 40 of the invention as
depicted in the schematic diagram FIG. 4A, which is not to
scale, a capacitive proximity sensor film 410, 420 is inte-
grated into the one or more sensors. In practice, the film is
very thin, typically millimetres in thickness, as shown for
proximity sensor films 420, 410. The capacitive proximity
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sensor film 410, 420 is used to detect the presence of user
and/or mobile terminal in the proximity of one or more sen-
sors. For example, the presence of the user 220 alters the
electric flux field lines of at least one capacitive proximity
sensor films 410, 420 which is detected. Typically the electric
flux density increases when the user 220 lies on top of the
capacitive proximity sensor film 410, 420. The technology is
analogous to touch screen sensors. One capacitive proximity
sensor film 410 or a plurality of capacitive proximity sensor
films 410, 420 can be used in accordance with the invention.
[0066] In the embodiment of the invention, the sensor
device 120 includes two capacitive proximity sensors 410,
420 housed inside the mattress of bed; the two capacitive
proximity sensors 410, 420 are further interconnected with a
control unit of the sensor device 120. The control unit senses
variations in the capacitance or impedance value within the
capacitive proximity sensor induced through the dielectric
shifts within the one or more sensors due to the presence and
absence of user 220 in the proximity of the one or more
Sensors.

[0067] In one preferred embodiment of the invention, the
one or more sensors are piezo thin film sensors. Various
algorithms can be employed to continually analyse and opti-
mize signals received from and generated by the sensor
device 120. In this way, the sleep measurement computer
system defines capacitive value parameters by which it inter-
prets whether a user 220 is present in the proximity of sensors
or not. In such manner, the mobile third party client applica-
tion 170 determines the presence or absence of a user on the
bed. Further, the algorithms can be employed to measure the
sleep of more than one user by detecting the presence of more
than one user. For example, if the capacitive value parameters
are higher than the parameters examined for the one user, the
mobile third party client application 170 may determine the
presence of more than one user in the proximity of one or
more sensors.

[0068] Itis inaccordance with the invention to incorporate
the capacitive proximity sensor into the piezo thin film sensor,
thereby producing a sensor film with dynamic and static
detection capabilities in the same sensor film. Both of these
sensor types, individually, separately or in combination may
also be integrated with the bed, mattress or any fabric in
accordance with the invention. In one preferable embodiment
where the capacitive proximity sensor and the piezo thin film
sensor are integrated, the electrodes of the piezoelectric sen-
sor are used in the capacitive measurement. This feature
allows for a simple and integrated design for the dual mode
(static and dynamic) sensor device and sensor film. The static
presence is simply measured by producing an electric field
with the electrodes at certain intervals and measuring whether
the impedance, (i.e. the dielectric properties) change with the
introduction of a person on the bed. It is also possible that
different dedicated electrodes are provided for the static
capacitance measurement sensor in accordance with the
invention.

[0069] 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, 30,41, 50, 60, 70, 80, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0070] FIG. 4B shows an alternative embodiment of the
sensor setup of FIG. 4A. In this embodiment both the trans-
mitting and the receiving electrodes are integrated with the
piezo thin film sensor, which sensor is installed in bed.
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[0071] In another embodiment 50 of the invention as
depicted in FIG. 5, one or more thermocouples 510, 520 are
integrated into the one or more sensors. In the embodiment of
the invention, the one or more sensors of sensor device 120
are enabled to measure temperature differences between the
one or more thermocouples 510, 520 and the sensor device
120. The temperature difference between the terminals of
thermocouples indicates presence of one user 220, or more
than one user.

[0072] Insome embodiments, the sensor device 120 is out-
side the bed, so T2 is close to ambient temperature of the
room. This arrangement rejects the unwanted disturbance
caused by changes in the ambient temperature. The absolute
temperature at point T1 is calculated by adding the difference
T1-T2 to the absolute temperature at the sensor device 120,
which is measured with a separate absolute temperature
meter inside the sensor device 120.

[0073] One or more thermocouples 510, 520 temperatures
are preferably compared the ambient temperature T2 in
accordance with the invention. However, sometimes the abso-
lute temperatures at T1 and T3 can be used to determine
whether one or more people are sleeping in the bed.

[0074] A large temperature change may indicate that only
one half of a double bed is occupied, whereas a small differ-
ence in two measurements both close to human body tem-
perature of 37 Celsius degrees may indicate two people sleep-
ing in the double bed. Typically, temperatures close to 37
Celsius degrees indicate presence of a person directly on top
of one thermocouple. With two thermocouples on both sides
ofadouble bed, the information can be used to determine if no
persons are present, two persons are present or just one person
is present on left or on right side of the bed.

[0075] According to an exemplary embodiment, there is
provided herein the thermocouple films incorporated in to the
one or more thin film piezo sensors that can detect tempera-
ture at multiple points within the bed of the user. Various
algorithms can be employed to check a temperature variation
for the purpose of detecting the presence of at least one user
and further for recording the sleep of at least one user. Insome
instances, for example, when the user changes position or
leaves the bed, the changes in temperature are also measured
by the mobile third party client application 170. Thus, when
a temperature change is detected the instant invention will
determine whether the change is due to movement, i.e. the
presence or absence of the user 220 from the bed. Also in
some embodiments, when a temperature exceeds a predefined
or dynamic threshold, the instant invention may determine
whether it is caused by presence of the user 220 in the bed.
[0076] Further, some embodiments of the invention can be
employed to record the temperature of the user using thermo-
couples for monitoring the health of the user in the sleeping
stage. This might be interesting especially in situations where
the patient has a fever.

[0077] 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, 30, 40, 41, 60, 70, 80, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0078] In another embodiment 60 of the invention as
depicted in FIG. 6, an inductive proximity sensor 610 is
integrated into the one or more sensors of the sensor device
120 to detect presence of the at least one user 220 by creating
an AC magpetic field around the one or more beds, users,
sensors and/or sensor device 120. The presence of the user
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220 generates Eddy current losses. The inductive proximity
sensors 610, 620 are enabled to detect changes in the electro-
magnetic field introduced by the user 220 entering or exiting
the proximity of one or more sensors.

[0079] In a still further embodiment of the invention, the
piezo film in the sensor is excited with an external power
source, causing the piezo film to vibrate. Typically the piezo
film is driven with alternating voltage or current at a fre-
quency of 30-60 kHz.

[0080] The piezo film is integrated into the one or more
sensors to induce movement in the thin film of the piezo thin
film sensors, which movement is caused by the alternating
voltage or current at a frequency 0f30-60 kHz. In the embodi-
ment, the excited piezo thin film sensor element is placed in
the mattress of the bed. The motional resistance of the moving
sensor changes when itis moving freely and when the body of
the person is on top of it. The weight of the person causes
damping in the motion.

[0081] Thechange of the motional resistance is detected by
measuring the impedance of the piezo film while exciting it
with AC voltage or current. These film sensors are similar to
the piezo film displayed in FIG. 2 in appearance. The same
film can be used for sleep measurement and excited with
alternating voltage in a sequence.

[0082] In a still further embodiment of the invention, an
excited piezo film with alternating voltage 30-60 kHz is inte-
grated into the one or more sensors to induce movement in the
thin film of the piezo thin film sensors. In the embodiment, the
excited piezo thin film sensor element is placed in the mat-
tress of the bed. The one or more sensors are employed to
detect the small mechanical movements. The user 220 may
have some low frequency movements generated due to the
blood pressure variations and muscle motion etc. In the
embodiment of the invention, the mobile third party client
application 170 can determine blood pressure and other low
frequency variations in the user 220 body. In one embodi-
ment, two excited piezo film sensors can be configured for a
non-invasive velocity type blood pressure monitoring.

[0083] Itshouldbe noted that the magnets in FIG. 6 are not
to scale, and in most embodiments the coil would be planar,
resulting in a planar sensor, which is the preferred shape of the
Sensor.

[0084] It should be noted that any features, phases or parts
of embodiment 60 can be freely permuted and combined with
any of the embodiments 10, 20, 30, 40, 41, 50, 70, 80, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0085] In another embodiment 70 of the invention as
depicted in FIG. 7, the at least one sensor device 120 includes
a sensor matrix 710 that is configured to be placed inside the
fabric of the bed 110 to detect the presence of one or more user
in the bed 110. The sensor matrix 710 may be designed with
the one or more sensors as disclosed in previous embodiments
for detecting various sleep parameters. The sensor matrix 710
may be stretched to fit the entire bed so that it may effectively
detect the presence of one or more users anywhere in the bed.

[0086] In an exemplary embodiment of the invention, the
sensor matrix 710 is fitted under the mattress of the bed. In
some other embodiments of the invention the sensor matrix
710 is a matrix of thin film sensors that can be printed on the
user mattress. The sensor device 120 is enabled to communi-
cate the sleep parameters collected from the sensor matrix to
the mobile third party client application 170.
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[0087] It should be noted that any features, phases or parts
of embodiment 70 can be freely permuted and combined with
any of the embodiments 10, 20, 30, 40, 41, 50, 60, 80, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0088] As depicted in FIG. 8, an embodiment 80 of the
invention discloses a sleep recording method to be imple-
mented by a computing device.

[0089] The method initiates at step 810. The method may
be perpetually on in the mobile subscriber terminal, for
example so that step 810, and possibly any number or all of
the following steps takes place without the 3" party applica-
tion being open in the operating system of the mobile sub-
scriber terminal.

[0090] At step 820, the one or more sensors according to the
embodiments disclosed above detect the occurrence of one or
more sleep events. The sleep events may include one or more
events including detection of a user’s entering in the bed,
detection of user switches on the light; and the detection of a
mobile device in the proximity of the one or more sensors.
[0091] In the next step 830, the at least one sensor device
120 detects the entering of a user in the bed. This is typically
detected by pressure sensors as discussed before with
embodiments 10-70 in FIGS. 1-7.

[0092] Thereafter, at step 840, the atleast one sensor device
120 detects the switching off the light by the user. This is
typically done by reading any light intensity level measure-
ments from a photodetector, which may either be arranged
into the sensor device or the mobile subscriber terminal. In
some embodiments the camera API allows the third party
application to read light intensity data detected by the camera
photodetector, and this data is used to determine whether
lights have been turned off or not in the surroundings of the
user, sensor device and/or bed.

[0093] Similarly, if step 840 is replaced or complemented
by sound level detection measurements, the API of the micro-
phone of the mobile phone can be used in some embodiments
to read the sound levels in the surroundings of the mobile
subscriber terminal into the 3™ party application.

[0094] In step 8350, the presence of a mobile device is
detected in the proximity of one or more sensors. In some
embodiments iBeacon technology, which works via Low
Energy Bluetooth, is used to determine the proximity and/or
distance between the sensor device and the mobile subscriber
terminal.

[0095] Thereafter, at step 860, the computing device ini-
tiates a communication channel between the at least one
sensor device 120 and the mobile third party client applica-
tion 170. This is typically established also wirelessly, prefer-
ably via Low Energy Bluetooth.

[0096] At step 870, the at least one sensor device 120 com-
municates the sleep parameters to the mobile third party
client application 170. The data is preferably carried over the
wireless connection, which is typically a radio connection,
and which radio connection is preferably Low Energy Blue-
tooth as discussed before, or can be any other wireless and/or
radio connection, such as WIFI or cellular also.

[0097] In a further step 880, the mobile third party client
application 170 automatically deduces the start of sleep time
based on the sleep parameters received from the at least one
sensor device 120, without user indication of start of sleep.
This has great operational advantages over long time frames.
The most common reason why users do not get their sleep
data is due to the fact that they forget to record it. Also, even
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if the user remembers to turn sleep recording on, it is one
administrative task that burdens the user further every day.
[0098] Instep890 the user exits the bed, the exit is detected
and subsequently sleep measurement is stopped.

[0099] It should be noted that any features, phases or parts
of embodiment 80 can be freely permuted and combined with
any of the embodiments 10, 20, 30, 40, 41, 50, 60, 70, and/or
90 in a combination of two or more embodiments in accor-
dance with the invention.

[0100] Inafurtherembodiment 90 of invention, as depicted
in FIG. 9, the invention provides a method for recording sleep
of more than one user.

[0101] The method 900 initiates at a step 910. The method
may be perpetually on in the mobile subscriber terminal, for
example so that step 910, and possibly any number or all of
the following steps take place without the 3’ party applica-
tion being open in the operating system of the mobile sub-
scriber terminal.

[0102] Instep 920, the one or more sensors according to the
embodiments disclosed above detect the occurrence of one or
more sleep events. The sleep events may include one or more
events including detection of more than one user’s entering in
the bed with a matrix of sensors; detection of at least one user
switches on the light; and the detection of a mobile device in
the proximity of one or more sensors.

[0103] Innextstep930,the entering of the at least one user
is detected on the bed. This is typically detected by pressure
sensors as discussed before with embodiments 10-70 in
FIGS. 1-7.

[0104] In a further step 940, the switching off the light by
the at least one user is being detected. This is typically done
by reading any light intensity level measurements from a
photodetector, which may either be arranged into the sensor
device or the mobile subscriber terminal. In some embodi-
ments the camera API allows the third party application to
read light intensity data detected by the camera photodetec-
tor, and this datais used to determine whether lights have been
turned off or not in the surroundings ofthe user, sensor device
and/or bed.

[0105] Similarly, if step 940 is replaced or complemented
by sound level detection measurements, the API of the micro-
phone of the mobile phone can be used in some embodiments
to read the sound levels in the surroundings of the mobile
subscriber terminal into the 3™ party application.

[0106] In step 950, the presence of a mobile device is
detected in the proximity of one or more sensors. In some
embodiments iBeacon technology, which works via Low
Energy Bluetooth, is used to determine the proximity and/or
distance between the sensor device and the mobile subscriber
terminal.

[0107] In next step 960, the computing device, which is
typically a mobile subscriber terminal, initiates a communi-
cation channel between the at least one sensor device 120 and
a mobhile third party client application 170. This is typically
established also wirelessly, preferably via Low Energy Blue-
tooth between the computing device and the sensor device.
[0108] Instep 970, the at least one sensor device 120 com-
municates the sleep parameters to the mobile third party
client application 170. The data is preferably carried over the
wireless connection, which is typically a radio connection,
and which radio connection is preferably Low Energy Blue-
tooth as discussed before, or can be any other wireless and/or
radio connection, such as WIFI or cellular also.
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[0109] In further step 980, the mobile third party client
application 170 automatically deduces the start of sleep time
of at least one user based on the sleep parameters received
from the at least one sensor device 120, without the at least
one user indicating the start of sleep. This has great opera-
tional advantages over long time frames. The most common
reason why users do not get their sleep data is due to the fact
that they forget to record it. Also, even if the user remembers
to turn sleep recording on, it is one administrative task that
burdens the user further every day.

[0110] Instep 990 one user exits the bed, the exit is detected
and subsequently sleep measurement is stopped for the exit-
ing user. Sleep measurement can be continued for the user
who remains in the bed asleep in some embodiments.

[0111] An embodiment of the invention provides a com-
puter program product for recording the sleep of at least one
user by the computing device. The computer device includes
at least one non-transitory computer-readable storage
medium having computer-readable program code portions
stored therein. The said computer-readable program code
portions comprise instructions to implement the aforemen-
tioned sleep recording method. The exemplary methods
described above are typically stored on a computer-readable
storage medium, which may be any device that can store code
foruse by acomputer system, mobile computer system and/or
other computer 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 versatile discs or digital video discs, or other media
capable of storing code now known or later developed.

[0112] 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.

[0113] It should be noted that the invention can be used to
automatically detect, without user input: a) the time when the
user goes to bed and/or b) when the user falls asleep in the
bed. The automatic detection of a) or b) or both may be used
to begin automatic recording of sensor data into a data storage
device for sleep measurement. The data storage device may
be within the sensor, in the mobile subscriber terminal and/or
over a computer network in accordance with the invention.

[0114] It should be noted that in some embodiments of the
invention, the location of the mobile subscriber terminal may
be used as a proxy for the user location, and that location is
used to determine the presence of the user, for example at the
location on top of the bed or on top of the sensor or otherwise
close by. In some embodiments of the invention, the location
of the mobile subscriber terminal is obtained from one or
more iBeacons, one or more WIFI base station, cellular net-
work base stations or a satellite system such as GPS. The
same or similar locating solutions may be also used to locate
the sensor device in those embodiments wherein the sensor is
compatible communicating with iBeacon base stations, WIFI
base stations, cellular base stations and/or satellite based
locating systems such as GPS. In some embodiments of the
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invention the aforementioned location data could be solely
used to initiate the automatic sleep data measurement without
user input.

[0115] It should further be noted that any of the embodi-
ments of the invention can feature a air moisture and/or air
humidity detector as a sensor in/on the bed. Typically the
presence of a sleeping user on the bed increases air humidity
due to e.g. sweating, respiration etc. The change in air humid-
ity could be used in some embodiments to detect the start of
sleeping by the user, and thus the change in air humidity could
be configured to start the automatic recording of sleep mea-
surement data without user input. It is known that the sleep
cycle of a person influences body temperature, which in turn
influences the humidity in direct proximity of the user. There-
fore, the humidity measurement could be used in detecting
automatically when the person falls asleep when in bed. Fur-
ther, the humidity measurement can be used in the recording
of sleep data during the night to define the sleep cycles of the
user more accurately.

[0116] It should be noted that any features, phases or parts
of embodiment 90 can be freely permuted and combined with
any of the embodiments 10, 20, 30, 40, 41, 50, 60, 70 and/or
80 in a combination of two or more embodiments in accor-
dance with the invention. Further, it should be noted that any
features, phases or parts of any embodiment 10, 20, 30, 40,
41, 50, 60, 70, 80, and/or 90 can be freely permuted and
combined with any of the embodiments 10, 20, 30, 40, 41, 50,
60,70, 80, and/or 90 in a combination of two or more embodi-
ments in accordance with the invention.

[0117] Some or all of the aforementioned advantages of the
invention are accrued by the matrix of sensors arranged to
detect the presence of more than one user on the bed for the
measurement of sleep. The matrix of sensors can be placed in
an elastic fabric, so that the fabric could be stretched to span
the width of the whole double bed, or only a part of it. The
advantage of this would be that the sensor can be installed
properly to beds with many widths. The best mode of the
invention is believed to be represented by an embodiment in
which one or more thin film piezo sensors are integrated with
a plethora of different types of static sensors, namely the
strain gauge and the capacitive load cell sensor and the
capacitive proximity sensor and the thermocouple and the
inductive proximity sensor. There may be a plurality or just a
single sensor of each type in the best mode.

[0118] Further, another preferred mode of the invention is
where the sleep parameters are detected by the one or more
sensors being integrated with the one or more sensor elements
including but not limited to the strain gauge, capacitive sen-
sors, proximity sensors, thermocouples, inductive sensors,
excited piezo film and their combination thereof. The mobile
third party client application 170 is enabled to record the sleep
of at least one user using the one or more sleep parameters
detected by the sensor elements. The combination of above
mentioned sensor elements used in determination of the one
or more sleep parameters enables the sleep measurement
computer system to measure sleep of at least one user more
precisely. Further, various algorithms are used to analyse the
sleep of at least one user and to determine the accurate sleep
start time of the user using the combination of various sleep
parameters. The mobile third party client application 170 is
configured to analyse the sleep and to deduce the sleep start
time of at least one user without the need of user indication for
start of sleep.
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[0119] In some other embodiments of the invention, the
mobile third party client application 170 may be configured to
determine the sleep time, sleep cycle and health related data
of user by measuring one or more sleep parameters of at least
one user without any administrative support for starting the
sleep measurement. The mobile third party client application
170 may further be configured to generate sleep reports of one
or more users. The mobile third party client application 170
may also communicate the user sleep reports to one or more
centralized hubs such as hospitals and clinics. The mobile
third party client application 170 can also be configured to
share user sleep data with one or more mobile applications for
further analysis.

[0120] It should be noted that in some embodiments of the
invention the mobile subscriber terminal 180 may include the
subscriber terminal along with its accessory, e.g. an iPhone
and Apple Watch from Apple Computers. That is, the mobile
subscriber terminal 180 is to be understood to include a tablet,
amobile phone and/or a wristcomputer, such as Apple Watch,
each separately or in combination. The mobile subscriber
terminal 180 of the invention may also have mobile third
party client application software 170 distributed on multiple
devices, like e.g. the iPhone and the Apple Watch have soft-
ware distributed among one another. In other words, the
mobile third party client application 170 may be installed and
operable in a wristcomputer (for example Apple watch)
alone, orin a mobile phone (for example iPhone) alone, or the
mobile third party client application 170 may have parts of
itself installed and/or operable in both the wristcomputer 180
and the mobile phone 180 in accordance with the invention.

[0121] In some embodiments of the invention the events
indicating an intent to sleep and the start of actual sleep are
distinguished. For example, in one embodiment the bed has a
piezo and/or capacitive sensor 120, 130, which detects auto-
matically the entry of the person into the bed. Based on this,
the sensor 120, 130 notifies a network element, such as a
iBeacon, that the person is in bed, at which point the mobile
subscriber terminal 180 begins recording sleep signals after
having received the signal from the network element, such as
the iBeacon, to do so. Of course the sensor 120, 130 can also
notify the mobile subscriber terminal 180 also directly, with-
out a network element in between, in many embodiments of
the invention. Only after receiving recorded data, the starting
time point of sleep is determined, as the person does not sleep
immediately when the user enters the bed. That is, there are
sleep events that indicate intention to sleep, start of sleep or
both. Tt should be also noted that while the piezoelectric
sensors or the piezo thin film sensor are dynamic, they can be
used to trigger the start of measurement based on the signal
pulse created by the person entering the bed. In other words,
the piezo based sensor can also be used to detect intentions of
sleeping, in addition to sleeping itself.

[0122] In some special embodiments, the sensor and the
iBeacon are incorporated together into the sensor device 120,
130, which device is placed in the bed. Then, typically the
sensor detects the start of sleep and produces a signal to the
incorporated iBeacon. The iBeacon then sends a signal, typi-
cally via Bluetooth, to the mobile subscriber terminal 180,
such as an iPhone, to begin recording sleep. Subsequently, the
mobile subscriber terminal 180 opens a communication con-
nection to the sensor and/or the iBeacon 120, 130 and begins
recording sleep data produced by the sensor via the estab-
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lished communication connection. Preferably the whole pro-
cess of this paragraph takes place automatically in accor-
dance with the invention.

[0123] Additionally, the start of sleep may be determined
based on any of the following supporting signals:

[0124] mobile subscriber terminal 180 accelerometer
detects that the terminal stops moving and/or mobile
subscriber terminal accelerometer detects that the termi-
nal is not in the user’s pocket or hand,

[0125] mobile subscriber terminal 180 display is
switched off,

[0126] user stops interacting with the mobile subscriber
terminal 180 user interface,

[0127] mobile subscriber terminal 180 microphone
detects silence,

[0128] wuser connects mobile subscriber terminal 180 or
related accessory device such as Apple Watch to the
battery charger,

[0129] wuser takes mobile subscriber terminal 180 or
related accessory device, such as watch or Apple Watch
off from wrist or hand, and/or

[0130] time of day indicates that user’s normal bedtime
is approaching.

[0131] The aforementioned events may be used to detect
the start of sleep in many embodiments of the invention.
Many times detecting a combination of the said supporting
signals is needed to determine that the user has started sleep-
ing. The supporting signals listed here may be used also in
combination with any other earlier mentioned methods of
detecting sleep in accordance with the invention.

[0132] Further, the end of sleep may be determined based
on any of the following supporting signals:

[0133] wuser switches on lights, or uses connected appli-
ances or services, which can be detected e.g. with a
luminosity sensor, Apple HomeKit connected device or
similar device,

[0134] user disconnects mobile subscriber terminal 180
from charger,

[0135] wuser switches mobile subscriber terminal 180 dis-
play on,
[0136] mobile subscriber terminal 180 accelerometer

detects movement,

[0137] mobile subscriber terminal user starts using said
mobile subscriber terminal 180,

[0138] wuser starts using a connected accessory to the
mobile subscriber terminal, such as a wristcomputer
180, e.g. Apple Watch,

[0139] wuser starts using some other device connected
with the mobile third party client application (170) (such
as a tablet or watch),

[0140] the usual wakeup time of the user is approaching,
and/or
[0141] wuser is active and/or starts being active in at least

one connected third party service, such as Facebook.

[0142] The aforementioned events may be used to detect
the end of sleep in many embodiments of the invention. Many
times detecting a combination of the said supporting signals
is needed to determine that the user has woken up. The sup-
porting signals listed here may be used also in combination
with any other earlier mentioned methods of detecting the
user waking up in accordance with the invention.

[0143] Insome embodiments of the invention a more accu-
rate start measurement detection mode is activated. For
example, when some indicator, such as a strong push by the
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user on the mobile subscriber terminal 180, is applied, the
mobile third party client application 170 can (without starting
actual detailed sleep measurement) use sensor inputs 120,
130 to make a more accurate decision on whether to start
measurement or continue sleep measurement.

[0144] Further, it is possible in all embodiments of the
invention that the sleep measurement automatically ends
when the mobile subscriber terminal 180 moves away from
the proximity sensor. Further, it is also possible that in all
embodiments the measurement starts by detecting the user
entering the bed, and subsequently after this the communica-
tion channel between the sensor device and the mobile third
party client application 170 is opened.

[0145] Even further, the sensor devices of the invention
typically have a thickness less than 1 mm, for example 0.3
mm, when they are placed between the sheet and the mattress.
The sensor devices of the invention may be thicker and have
different shapes when they are installed within or underneath
the mattress in some embodiments of the invention.

[0146] 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 user’s need. The embodiments
should not be limited by their names. For example, the con-
struction 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.

[0147] The invention has been explained above with refer-
ence to the aforementioned embodiments and several com-
mercial and industrial advantages have been demonstrated.
The methods and arrangements of the invention allow the
measurement of sleep using a sensor device 120 and a mobile
third party client application 170 without the user needing to
indicate start of sleep manually. This reduces the administra-
tive burden borne by the user in using the system significantly.
[0148] 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.

REFERENCES

[0149] US2014/0269224 Al, “Mobile terminal and con-
trolling method thereof”, Huh et al., 2014.

1. A sleep measurement computer system, comprising at
least one sensor device (120) comprising one or more sensors
(130), the at least one sensor device (120) arranged to be
installed into the bed (110) of at least one user, characterized
in that,

said at least one sensor device (120) is adapted to commu-

nicate with a mobile third party client application (170),
the mobile third party client being configured to measure
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sleep parameters of said at least one user based on the
communication with the at least one sensor device (120);
and,

said mobile third party client application (170) being con-

figured to automatically deduce a starting time of sleep,
based on data received from the at least one sensor
device (120) and/or from any other peripheral device or
incorporated device of a mobile subscriber terminal
(180), without said user indicating start of sleep, the data
being received at the mobile subscriber (180) terminal
on which said mobile third party client application (170)
is installed.

2. The sleep measurement computer system as claimed in
claim 1, characterized in that, the sleep measurement is
arranged to be started when one or more of the following
events happen alone or in combination:

it is detected that the user enters the bed (110);

when the user switches lights off;

the mobile subscriber terminal comes into the proximity of

the one or more sensors (130).
3. The sleep measurement computer system as claimed in
claim 1, characterized in that, the sleep measurement is
arranged to be automatically ended when the at least one user
exits the bed (110) or mobile subscriber terminal moves away
from the proximity of the sensor.
4. The sleep measurement computer system as claimed in
claim 1, characterized in that, the one or more sensors (130)
are arranged to be piezo thin film sensors and one or more
sensors (130) are arranged to be static measurement sensors.
5. The sleep measurement computer system as claimed in
claim 4, characterized in that, a strain gauge (210) is inte-
grated into the one or more sensors (130).
6. The sleep measurement computer system as claimed in
claim 1, characterized in that, a capacitive proximity sensor
film (410, 420) is integrated into the one or more sensors
(130).
7. The sleep measurement computer system as claimed in
claim 1, characterized in that, one or more thermocouples
(510, 520) are integrated into the one or more sensors (130),
the one or more sensors (130) enabled to measure tempera-
ture differences between the one or more thermocouples,
further wherein a temperature difference is arranged to indi-
cate presence of one or more user.
8. The sleep measurement computer system as claimed in
claim 1, characterized in that, an inductive proximity sensor
(610, 620) is integrated into the one or more sensors (130) to
detect presence of at least one person by creating an AC
magnetic field around the one or more sensors (130), users
and/or bed.
9. The sleep measurement computer system as claimed in
claim 1, characterized in that, the at least one sensor device
(120) comprises a sensor matrix (710) that is configured to be
placed inside the fabric of bed (110) to detect the presence of
one or more users in the bed (110).
10. A sleep recording method to be implemented by a
computing device, the method comprising the steps, charac-
terized in that,
detecting (820) occurrence of one or more sleep events of
a user, either alone or in combination by one or more
sensors and/or by any other peripheral device or incor-
porated device of said mobile subscriber terminal (180);

initiating (850) a communication channel between the at
least one sensor device (120) and a mobile third party
client application (170);
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communicating (860) sleep parameters from the at least
one sensor device (120) to the mobile third party client
application (170);

automatically deducing (870) start of sleep time based on
the sleep parameters received from the at least one sen-
sor device (120), without said user indicating start of
sleep.

11. The sleep recording method by a computing device as
claimed in claim 10, characterized in that, the one or more
sleep events includes one or more of:

entering of at least one user in the bed (110);

switching of the light by at least one user; and

presence of one or more mobile device in the proximity of
the one or more sensor (130).

12. The sleep recording method as claimed in claim 10,
characterized in that, the sleep recording is arranged to be
automatically ended when the at least one user exits from the
bed (110) or mobile subscriber terminal moves away from
proximity of the sensor.

13. The sleep recording method as claimed in claim 10,
characterized in that, the one or more sensors (130) are piezo
thin film sensors and one or more sensors (130) are static
measurement sensors.

14. The sleep recording method as claimed in claim 10,
characterized inthat, a strain gauge (210) is integrated into the
one or more sensors (130).

15. The sleep recording method as claimed in claim 10,
characterized in that, a capacitive proximity sensor film (410,
420) is integrated into the one or more sensors (130).

16. The sleep recording method as claimed in claim 10,
characterized in that, one or more thermocouples (510, 520)
are integrated into the one or more sensors (130), the one or
more sensors (130) are enabled to measure temperature dif-
ferences between the one or more thermocouples, further
wherein temperature difference indicates presence of one or
more use.

17. The sleep recording method as claimed in claim 10,
characterized in that, an excited piezo film with alternating
voltage 30-60 kHz is integrated into the one or more sensors
(130) of sensor device (120) to induce movement in the piezo
thin film.

18. The sleep recording method as claimed in claim 10,
characterized in that, the at least one sensor device (120)
comprises a sensor matrix (710) that is configured to be
placed inside the fabric of bed (110) to detect the presence of
one or more users in the bed (110).

19. A computer program product for recording sleep of
user by a computing device, 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 program
code portions comprising instructions, characterized in that,

occurrence of one or more sleep events of a useris arranged
to be detected (820), either alone or in combination by
one or more sensors and/or by any other peripheral
device or incorporated device of said mobile subscriber
terminal (180);

a communication channel between the at least one sensor
device (120) and a mobile third party client application
(170) is arranged to be initiated (850);

sleep parameters from the at least one sensor device (120)
to the mobile third party client application (170) are
arranged to be communicated (860);

10

Jun. 9, 2016

start of sleep time based on the sleep parameters received
from the at least one sensor device (120) is arranged to
be automatically deduced (870) without said user indi-
cating start of sleep.

20. The computer program product for recording sleep as
claimed in claim 19, characterized in that, the one or more
sleep events includes one or more of:

entering of at least one user in the bed (110);

switching of the light by at least one user; and

presence of one or more mobile device in the proximity of
the one or more sensors (130).

21. The computer program product for recording sleep as
claimed in claim 19, characterized in that, the sleep recording
is arranged to be automatically ended when the at least one
user exits from the bed (110) or mobile subscriber terminal
moves away from proximity of the sensor.

22. The computer program product for recording sleep as
claimed in claim 19, characterized in that, the one or more
sensors (130) are arranged to be piezo thin film sensors and
one or more sensors (130) are arranged to be static measure-
ment Sensors.

23. The computer program product for recording sleep as
claimed in claim 19, characterized in that, a strain gauge (210)
is integrated into the one or more sensors (130).

24. The computer program product for recording sleep as
claimed in claim 19, characterized in that, a capacitive prox-
imity sensor film (410, 420) is integrated into the one or more
sensors (130).

25. The computer program product for recording sleep as
claimed in claim 19, characterized in that, one or more thet-
mocouples (510, 520) are integrated into the one or more
sensors (130), the one or more sensors (130) are enabled to
measure temperature differences between the one or more
thermocouples (310, 320), further wherein a temperature dif-
ference indicates the presence of one or more user.

26. The computer program product for recording sleep as
claimed in claim 19, characterized in that, the at least one
sensor device (120) comprises a sensor matrix (710) that is
configured to be placed inside the fabric of bed (110) to detect
the presence of one or more users in the bed (110).

27. The sleep measurement computer system as claimed in
claim 1, characterized in that, the sleep parameters include
one or more parameters including the user presence on the
bed, sleep time, sound level of snoring, ballistocardio-graphic
data, respiration rate, heart rate and skeletal muscle move-
ment of the at least one user.

28. The sleep measurement computer system as claimed in
claim 1, characterized in that, at least one piezoelectric sensor
is arranged to detect a person going to the bed based on a large
signal pulse resulting from the person entering the bed.

29. The sleep recording method as claimed in claim 10,
characterized in that, at least one piezoelectric sensor in a bed
detects a person going to a bed based on a large signal pulse
resulting from the person entering the bed.

30. The computer program product for recording sleep as
claimed in claim 19, characterized in that, the computer pro-
gram is configured to use at least one piezoelectric sensor in
abed to detect a person going to a bed based on a large signal
pulse resulting from the person entering the bed.
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