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STRESS-MEASURING SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to a stress-measuring
system for determining a level of stress of a user, in particular
for monitoring an upcoming burnout.

BACKGROUND OF THE INVENTION

[0002] Itis common knowledge that burnout is built upina
period of repeated stressors, to which the body reacts with a
heightened level of physiological activity. The build-up espe-
cially occurs if this enhanced physiological activity does not
get adequately restored in a subsequent period of rest or
relaxation. In a review paper Bruce McEwen describes the
effects of stress in health and disease (McEwen: “Central
effects of stress hormones in health and disease: Understand-
ing the protective and damaging effects of stress and stress
mediators”, in European J. of Pharmacology 583 (2008), p.
174-185). He describes stress as having two different sides:
On the one hand, the body responds to almost any sudden,
unexpected event by increasing heart rate (HR) and blood
pressure (BP), helping the individual to cope with the situa-
tion; on the other hand, chronic elevation of these same
parameters—e.g. chronically increased heart rate and blood
pressure—produce chronic wear and tear on the cardiovas-
cular system.

[0003] The term “allostasis” has been introduced by Ster-
ling and Eyer to refer to the active process by which the body
responds to daily events and maintains homeostasis (see
“Allostasis: a new paradigm to explain arousal pathology”, In
Fisher, S., Reason, J. (Eds.). Handbook of Life Stress, Cog-
nition and Health. John Wiley & Sons, New York (1988), p.
629-649). In an earlier paper McEwen introduced the terms
allostatic load and allostatic overload to refer to the wear and
tear that results from either too much stress or from inefficient
management of allostasis, e.g. not turning off the response
when it is no longer needed (Mc Ewen: “Protective and dam-
aging effects of stress mediators”, New England J. Med 338
(1998), p. 171-179).

[0004] It is clear that heart rate is a parameter that reflects
this process of activation and restoration. And indeed,
increased heart rate has been found to be correlated with the
presence of burnout (see e.g. Boneva et al.: “Higher heart rate
and reduced heart rate variability persist during sleep in
chronic fatigue syndrome a population-based study”, Auto-
nomic Neuroscience: Basic and Clinical 137 (2007) 94-101).
[0005] The major restorative factor that most of us have in
our lives is our vacation period. And also weekends usually
have a restorative effect on our physiological activation. That
is why we expect heart rate to be lower at the end of a vacation
(unless it was an extreme-sports one), or at the end of the
weekend. Within the period of the week, for most of us our
working time slot, the major restorative factor is our night’s
sleep. Therefore, we also expect heart rate to have decreased
gradually during the night and be at a minimum at wake-up in
the morning (see van Eekelen et al.: “Circadian variation in
base rate measures of cardiac autonomic activity”, Eur J Appl
Physiol (2004) 93: 39-46). At the end of the weekend, and at
the end of the vacation, the morning heart rate might be
slightly lower than is usual at wake-up during week days. But,
if the process of sleep restoration is starting to become less
adequate, the heart rate at wake-up (on week days as well as
on weekends) will start to rise above the usual values. This is
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an indication that the body needs extra restorative conditions,
or less stress—otherwise the consequences are a long-lasting
deteriorating effect on one’s health (e.g. burnout).

[0006] Burnout is a problem most of us would want to
prevent, since it is not pleasurable and has significant impact
on our daily behavior and activity. But also the employers
would like to prevent their employees from developing a
burnout, because it is bad for the overall productivity as well
as for the company’s image. Nevertheless, many of us do slip
into it, with a prevalence as high as 5% in the Netherlands, and
higher numbers estimated for Asia and the USA.

[0007] Preventing burnout is difficult, however, because
many people are not inclined anymore to pay attention to their
bodily signals that warn them. It is common not to notice
these bodily signals, which allows us to maintain a pleasant,
but unsafe, unawareness of the upcoming problems. People
who have developed a burnout on the other hand usually state
that afterwards they are much more capable of recognizing
their body signals indicating a developing overload again.
[0008] In WO 2009/057033 A2 a system is proposed that
provides a human low battery warning that indicates to the
user in a very simple way that he/she should change his/her
behavior by sleeping more, eating better or relaxing more to
prevent the user from being over-stressed or getting a burnout.
This simple warning can help people to take a break when
they need it and to make sure that their “human battery” does
not get empty.

[0009] One of the problems many prior art documents are
focusing on is a meaningful way how to measure the vital
signs (e.g. HR) of the user. If a user, for example, has to
actively measure his'her HR on a daily basis, his/her con-
sciousness might falsify the measurement, as the user’s
awareness is directly drawn to the measurement procedure
and they might think about it or even prepare themself to it.
Another problem is that users might forget to measure their
vital signs, especially if this is required to be done on a daily
basis. Some devices might, due to their obtrusiveness, also
feel uncomfortable for the users. Since people travelling a lot
for their work are exposed to many stressors and have a higher
risk of developing a burnout, the mobility and practicability
of such stress-measuring systems and devices is also anissue.

SUMMARY OF THE INVENTION

[0010] Itis an object of the present invention to provide a
stress-measuring system that enables to measure vital signs
indicating the stress level of a user in a way that is as unob-
trusive as possible. Furthermore, it is an object to provide a
mobile solution of such a system. Preferably, the system does
not require an extra action of the user in order to measure
his/her vital signs.

[0011] In a first aspect of the present invention, a stress-
measuring system for determining alevel of stress of a user, in
particular for monitoring an upcoming burnout, is presented.
The device comprises:

[0012] analarm clock for initiating an alarm at an arbitrary
preset time, wherein the system comprises an interface for
switching off the alarm;

[0013] a vital sign sensor for measuring a first vital sign of
the user while the user operates the interface, in particular to
switch off the alarm; and

[0014] a processing unit for determining the level of stress
of the user based on the sensed first vital sign.

[0015] The basic idea is to use an alarm clock as platform
for the vital sign/stress level measurement. Many people use
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an alarm clock to wake up in the morning. Even people that
wake up on time without the sound of their alarm clock often
use it just to be sure not to oversleep. In order to switch off the
alarm of the alarm clock, users usually have to press a button
or operate another kind of interface. It is exactly this action
that is used according to the present invention to measure the
vital sign of the user indicating the level of stress.

[0016] Since morning heart rate (especially the develop-
ment of morning heart rate over a period oftime) is one of the
most interesting indicators for an upcoming burnout, it is
ideal to use an alarm clock for measuring said morning heart
rate (as the alarm clock is usually used in the morning to wake
up). According to an embodiment, the vital sign sensor is
therefore a heart rate sensor for measuring a heart rate of the
user. However, it is to be noted that the proposed vital sign
sensor may also be configured to measure other vital signs,
e.g. blood pressure, body temperature, breathing rate, skin
conductance, etc. All these vital signs and their development
over time (over weeks and months) are indicators from which
a stress level of the user may be determined in order to
monitor an upcoming burnout. Even though the present
invention shall not be limited to heart rate measurements, the
measurement of morning heart rate shall be detailed in the
following.

[0017] Normally, to stop the alarm clock, a button has to be
pressed for only a fraction of a second. As also other user
interactions (apart from operating a button) are generally
conceivable to switch off the alarm of the alarm clock, it is
herein generally referred to “an interface to switch off the
alarm”. The alarm can be preset by a user as this is generally
known in the art. The interface can be integrated into the
alarm clock, but may also be realized in any other part of the
system. If the heart rate is measured while the user operates
this interface, this has several advantages: First of all, this will
most of the time be exactly the morning heart rate. Secondly
and even more important, the user does not even recognize
that the heart rate is measured, as he/she only “regularly”
switches off his/her alarm clock. No extra action of the user is
required. There is thus no risk for a falsification of the mea-
surement due to active consciousness of the user. Thirdly, the
integration of the stress-measuring system into an alarm
clock also means an integration into an everyday technical
device that most of the people use. Apart from that, an alarm
clock is easy to carry on while travelling. This significantly
increases the mobility and practicability of the system.
[0018] According to an embodiment, the vital signs sensor
is integrated into the alarm clock, in particular into the inter-
face of the alarm clock. While the vital sign sensor could also
be realized as an external device (separate from the alarm
clock), this embodiment improves the practicability and
reduces the size of the system. An all-in-one device is thus
realized.

[0019] One of the challenges is to measure the vital sign
during the short time period while the user operates the inter-
face to switch off the alarm of the alarm clock. Users usually
operate the interface to stop the alarm for only a fraction of a
second. However, it is possible to also derive the vital signal
(e.g. the heart rate) from such a short interaction. Theoreti-
cally, a minimum of only two heart beats is required to mea-
sure the HR. According to an embodiment, the processing
unit may be configured to extrapolate the HR from these two
subsequent heart beats. In practice, the measurement of a few
more heart beats may be desirable to obtain a reliable result.
Therefore, the measurement of the vital sign (HR) would be
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improved if the user is encouraged to operate the interface for
a longer period of time as usual, 1.e. to press the button of the
alarm clock for a bit longer time than usual.

[0020] According to an embodiment, the alarm clock is
configured to switch-off the alarm only if the user keeps the
interface operated for a threshold time period At that is needed
to measure the vital sign, otherwise to continue the alarm or to
start the alarm again. At is thus defined as the time period that
is necessary to measure a sufficient number of heart beats in
order to extrapolate the heart rate therefrom. Typically At is
chosen to be between three and ten seconds. At=5 seconds has
shown to be a meaningful time period.

[0021] The procedure would then be as follows:

[0022] a)atthe present time the alarm clock gives an alarm;
[0023] b) the user presses the stop button (operates the
interface);

[0024] cl)iftheuserholds the stop button for At in total, the

heart rate is measured and the alarm is switched off;

[0025] c2) if the user holds the stop button for less than
At—meaning that the time was not enough to derive the heart
rate therefrom—the alarm either continues or starts again.
[0026] In this way the user is automatically encouraged to
operate the interface for at least At. In order to improve the
encouragement of the user, the system may, according to an
embodiment, further comprise a guiding unit that outputs an
audible, visual and/or tactile guiding signal as soon as the user
operates the interface to switch off the alarm, wherein the
guiding signal is configured to guide the user to keep the
interface of the alarm clock operated for the threshold period
of time At.

[0027] The guiding unit may either be a part of the process-
ing unit or may be realized as an actuator that is connected
with the processing unit. For example, this guiding unit/
actuator could play music for the time period At. This music
will remind the user to operate the interface, i.e. to keep
his/her finger on the button long enough. Alternatively, a
visual, tactile and/or any other audible feedback could be
given to the user as soon as the vital sign measurement (HR
measurement) is completed. In contrast to a “regular” alarm
clock, the user only has to press the switch-off button a little
longer than usual.

[0028] Inany casethe proposed system could, according to
an embodiment, further comprise an initialization unit that
initializes the vital sign sensor to measure the vital sign of the
user as soon as the user operates the interface of the alarm
clock. This ensures that the vital sign measurement is started
right from the beginning when the user tries to switch off the
alarm. The initialization unit does not have to be any extra
part, but may be realized as a small sensor that senses the
user’s interaction.

[0029] There are several ways for measuring the heart rate
in the above-mentioned way.

[0030] According to a first embodiment, the vital sign sen-
sor is a photoplethysmography (PPG) sensor that 1s integrated
into the interface of the alarm clock and configured to mea-
sure a heart rate at a finger tip of the user. Such PPG sensors
are already known in the art. However, an integration of such
a PPG sensor into an alarm clock, as proposed herein, is not
known so far.

[0031] PPG sensors are usually used to measure a blood
pulse wave of a person over a time to generate a heart rate
signal. A PPG sensor usually includes a photodetector that
measures the absorbance of the blood at different wave-
lengths allowing a determination of the light absorbance due
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to the pulsing arterial blood. A PPG sensor can be used in
reflection mode or in transmission mode. Normally, a wave-
length in the near-infrared is used because there the strongest
modulation of the signal occurs due to light absorption in the
hemoglobin in the blood. Details on the background of pho-
toplethysmography can be found in Webster I. G.: “Medical
instrumentation, application and design”, Second Edition,
Houghton Mifflin Company, 1992. Further information can
be found in Allen J.: “Photoplethysmography and its appli-
cation in clinical physiological measurement”, Physiol.
Meas. 28 (2007) R1-R39.

[0032] According to a further embodiment of the present
invention, the vital sign sensor may alternatively be realized
as an electrocardiography (ECG) sensor wherein at least one
ECG electrode is integrated into the interface of the alarm
clock. The HR can thus be extracted from the ECG. The ECG
can be measured, for example, between the two fingers each
at another hand. Therefore, two ECG electrodes may, accord-
ing to an embodiment, be integrated into the interface of the
alarm clock. In this embodiment the user has to touch both
ECG electrodes simultaneously to switch off the alarm and to
have the heart rate be measured concurrently. Alternatively,
the second ECG electrode can be integrated into a bed of a
user or into any other external device.

[0033] A third alternative to measure the heart rate is by
using remote photoplethysmography (remote PPG). Accord-
ing to an embodiment of the present invention, the vital sign
sensor comprises a vital signs camera using remote PPG to
determine a heart rate of the user. The vital signs camera can
either be integrated into the alarm clock or realized as an
external device. As soon as the user operates the interface to
switch off the alarm, the vital signs camera is switched on and
the heart rate is extracted. Thereto, the vital signs camera is
usually focused on the face of the user to measure his/her
heart rate in just a few seconds. In a similar manner, the heart
rate could also be measured from a hand of the user. So the
vital signs camera builtin the alarm clock could be configured
to detect a hand and subsequently start the heart rate mea-
surement. To comfort the user, the system could use IR
instead of visible light.

[0034] Further information about remote PPG imaging can,
for instance, be found in Verkruysse W.: “Remote photopl-
ethysmographic imaging using ambient light”, Optics
Express, Vol. 16, No. 26, December 2008. Remote PPG is
based on the principle that temporal variations in blood vol-
ume in the skin lead to variations in light absorptions by the
skin. Such variations can be registered by a video camera that
takes images of a skin area, e.g. the face, while processing
calculates the pixel average over a manually selected region
(e.g. apart of the cheek). By looking at periodic variations of
this average signal, the heart beat rate and respiratory rate can
be extracted.

[0035] Thus, the pulsation of arterial blood causes changes
in light absorption. Those changes observed with a photode-
tector (or an array of photodetectors) form a PPG signal.
Pulsation of the blood is caused by the beating heart, i.e.
peaks in the PPG signal correspond to the individual beats of
the heart. Therefore, a PPG signal is a heartbeat signal in
itself. The normalized amplitude of the signal is different for
different wavelengths, and for some wavelengths it is also a
function of blood oxygenation.
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[0036] In summary, three different (alternative) methods
are envisaged within the scope of the present invention to
derive the heart rate of the user while he/she switches off the
alarm clock:

1. using a PPG sensor to measure the heart rate from the finger
tip of the user;

2. extracting the heart rate from an ECG sensor that is inte-
grated into the interface of the alarm clock;

3. using a vital signs camera for remote PPG, wherein the
camera may either be an external device or integrated into the
alarm clock as well.

[0037] According to a further embodiment of the present
invention, the stress-measuring system further comprises a
fingerprint sensor that is integrated into the interface of the
alarm clock.

[0038] If said interface is realized as a button, the finger-
print sensor is integrated into the button (i.e. integrated into
the surface of the button). This allows to distinguish between
multiple users of the alarm clock. For example, in case only
one single person wants his/her heart rate to be measured for
a stress level measurement, the system recognizes if another
person tries to switch off the alarm clock. In this case the heart
rate of the other person would, for example, not be measured
and stored or processed. The data of the single person would
thus not be contaminated with data from others. However, a
multi-user mode is also conceivable.

[0039] The processing unit of the stress-measuring system
could, according to an embodiment, also be configured to
distinguish between different user profiles. In case where
multiple users use the alarm clock and also want their heart
rate to be measured and stored or processed, the respective
heart rate measurements can be combined correctly. The
stress level and the risk for an upcoming burnout could then
be calculated for each user separately. The processing unit is
therefore configured to evaluate a chance for an upcoming
burnout based on the measured vital sign for each separate
user by using information delivered by the fingerprint sensor.
[0040] Independent of a single or multi-user mode, the
processing unit of the stress-measuring system according to
the present invention may furthermore be configured to evalu-
ate a chance for an upcoming burnout based on a tendency of
aplurality of measured first vital signs of the same user stored
in a storage unit.

[0041] The stress measuring system thereto preferably
comprises a storage unit for storing the measured first vital
signs of the user.

[0042] The body signals (first vital signs) are thus prefer-
ably measured over a longer period of time, e.g. over the
course of weeks and/or years. The system could then measure
the morning heart rate in the above-mentioned way and stores
at least one heart rate value for each day in the storage unit.
The chance for an upcoming burnout could then be evaluated
based on the tendency of the plurality of the measured values.
This means that the development of the morning heart rate is
analyzed in order to forecast a burnout.

[0043] Alternatively, the measured morning heart rate val-
ues could be compared each day in an absolute sense with a
threshold heart rate value in order to directly warn a user if the
morning heart rate value is too high in an absolute sense. In
this case, the tendency does not have to be analyzed. How-
ever, both above-mentioned possibilities for analyzing the
morning heart rate (tendency or absolute value) could also be
combined.
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[0044] According to a further embodiment, the stress-mea-
suring system according to the present invention comprises a
feedback unit for indicating a burnout status to the user in
audible, visual or tactile form. According to an exemplary
embodiment, a display could be integrated into the alarm
clock that visualizes the burnout status in text form or by the
usage of visual icons. Another possibility is that a blinking
light is used to aftract attention. Alternatively, the feedback
unit could comprise a loudspeaker through which a spoken
advice is provided to the user. This message could, for
example, advise the user to go to a doctor. According to
another alternative, the advice could be given in the form of a
tactile feedback, e.g. the alarm clock could vibrate to give an
alarm signal. The above-mentioned feedback types (audible,
visual and/or tactile feedback) could also be combined.
[0045] According to a further embodiment, the feedback
unit is configured to indicate the burnout status only upon
request of the user.

[0046] Theuser may, for example, have to press a button to
see the message. In this case, the user has to ask for the
burnout status so that the advice is not presented to him/her
without the user specifically initiating it. In a more extended
embodiment, the stress-measuring system could be con-
nected to a network (e.g. to the Internet) so that the stress-
measuring system could automatically transfer the measure-
ment data to a qualified and trusted physician for evaluation
prior to (or after) a warning to the user.

[0047] According to a still further embodiment, the stress-
measuring system further comprises an activity sensor that is
arranged in or around a bed of the user and configured to
unobtrusively measure a second vital sign of the user when
the user is in bed, wherein the processing unit is adapted to
determine the level of stress based on the first vital sign and/or
the second vital sign.

[0048] The “second vital sign” could also be a heart rate, in
particular a heart rate that is measured during sleep. In this
embodiment, the morning heart rate (first vital signal) could
be measured as explained above (using the alarm clock) and
the heart rate during sleep (second vital sign) could be mea-
sured using the activity sensor. This activity sensor could be
realized by a camera with HR detection (vital signs camera,
similar as explained above) that is directed to the face of the
sleeper. Alternatively, the activity sensor could comprise a
pressure or piezoelectric sensor. This pressure or piezoelec-
tric sensor could be integrated into a mattress of the user’s
bed. The heart rate during sleep could then be derived from
the pressure variation that is measured with the pressure or
piezoelectric sensor using ballistocardiography.

[0049] According to a further embodiment, the activity sen-
sor may be furthermore configured to measure a movement of
the user in bed and to derive a sleep-wake pattern therefrom,
wherein the processing unit is adapted to determine the level
of stress based on the first vital sign and/or the second vital
sign and/or the sleep-wake pattern. In this case, the process-
ing unit processes even more information that is included in
order to derive the burnout status. The quality and preciseness
of the burnout forecast is thereby significantly increased.
[0050] The activity sensor for measuring the heart rate dur-
ing sleep may also be combined (in the same device) with the
activity sensor for measuring the movement of the user in bed.
Therefore, the number of alternating periods may be derived
as a sleep fragmentation number, and the relative length of the
sleep periods may be taken as a measure of the sleep-wake
ratio. Both the heart rate data and the sleep data may be stored
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in the above-mentioned storage unit with (at least) one value
each day. These values can again, as mentioned above, be
compared separately to representative threshold values or a
tendency over a certain period of time may be analyzed.
[0051] According to a further embodiment of the present
invention, the processing unit is configured to determine a
minimum of the measured second vital signs of the user
during sleep (HR during sleep), wherein the processing unit is
adapted to include said minimum into the determination of
the stress levels/burnout forecast. The lowest heart rate during
sleep (minimum heart rate) is as well a very good indicator for
the overall restoration of the user (during sleep).

[0052] In practice, the processing unit could be configured
to combine all the above-mentioned measurements, i.e. the
morning heart rate, the sleep fragmentation, the wake-sleep
ratio and the minimum heart rate during sleep, in order to
calculate an overall restoration value of the user and to deter-
mine the level of stress therefrom.

[0053] Furthermore, the processing unit may be configured
to include at least one of the following information into the
determination of the stress level: a time information, a calen-
dar information, in particular a calendar information if it is a
week day, a weekend or a holiday, an information about a
family history of the user and/or an information about a
physical activity of the user. This allows to even more per-
sonalized the algorithm of the stress-level determination for
the forecast of a possibly upcoming burnout. Differentiating
between measurements taken on working days, weekends or
holidays allows to even more precisely predict an upcoming
burnout. Taking family history or additional environmental
factors into account is also important to individualize the
algorithm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings:
[0055] FIG. 1 shows a schematic diagram illustrating gen-
eral components of a stress-measuring system according to
the present invention;

[0056] FIG. 2 shows a schematic diagram illustrating fur-
ther (optional) components of the stress-measuring system
according to the present invention;

[0057] FIGS.3A to 3C schematically illustrate three differ-
ent embodiments of the stress-measuring system according to
the present invention;

[0058] FIG. 4 shows a schematic diagram illustrating a
technical principle of the stress-measuring system according
to the present invention;

[0059] FIG. 5 schematically illustrates a further embodi-
ment of the stress-measuring system according to the present
invention; and

[0060] FIG. 6 shows a schematic diagram illustrating an
information management system that could, according to an
embodiment, be combined with the stress-measuring system
according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0061] FIG. 1 shows a schematic diagram illustrating the
components of a stress-measuring system according to the
present invention. The stress-measuring system is therein in
its entirety denoted with reference numeral 10. The stress-
measuring system 10 is used for determining a level of stress
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of auser, in particular for monitoring the risk of an upcoming
burnout. As a platform for this stress-measuring system 10, an
alarm clock 12 is used. Details of the alarm clock 12 will be
described further below with reference to FIGS. 3 and 4.
[0062] Thealarm clock 12 can be a regular alarm clock that
allows to produce an alarm at an arbitrary time that may be
manually or automatically set by a user. The alarm clock
preferably comprises an interface 14. This interface 14 may,
for example, be realized as a button with which the alarm of
the alarm clock 12 can be manually switched off. Further, the
stress-measuring system 10 comprises a vital sign sensor 16
and a processing unit 18.

[0063] The vital sign sensor 16 allows to measure a first
vital sign of the user (e.g. a heart rate, a blood pressure, a
breathing rate, a skin conductance, a body temperature etc.).
Details of the vital sign sensor 16 and different embodiments
how to implement the vital sign sensor 16 will also be
described further below with reference to FIGS. 3 and 4.
[0064] The processing unit 18 is configured to determine
the level of stress of the user based on the first vital sign that
is measured with the vital sign sensor 16. The vital sign sensor
16 is preferably integrated into the alarm clock 12; so is also
the processing unit 18 preferably integrated into the alarm
clock 12. However, it is to be noted that the processing unit 18
may also be realized as a separate computing device (not
integrated into the alarm clock 12). In this case, the process-
ing unit 18 is preferably connected to the alarm clock 12 (also
to the vital sign sensor 16 and the interface 14) either by a
hard-wired connection or via a wireless connection (e.g. viaa
Bluetooth®, wireless Internet, or an infrared connection).
[0065] A central idea of the present invention is to couple
the interface 14 for switching off the alarm of the alarm clock
12 with the vital sign sensor 16. In this way, the user’s inter-
action with the alarm clock 12 while switching off the alarm
is at the same time also used to measure the above-mentioned
first vital sign of the user. The vital sign sensor 16 may, for
example, be realized as a heart rate sensor that is integrated or
at least electronically coupled with the interface 14 for
switching off the alarm of the alarm clock 12. Thinking of a
regular button (interface 14) that a user has to press to switch
off the alarm clock’s alarm, the vital sign sensor 16 (e.g. heart
rate sensor) can, for example, be integrated into this button.
Then, the vital sign (e.g. the heart rate) of the user can be
measured while the user presses the button to switch off the
alarm.

[0066] Since most of the people use an alarm clock 12 to
wake up in the morning, this represents an ideal way to
measure the heart rate right after wake-up. As it has been
already elaborated in the introductory portion of the descrip-
tion, this wake-up heart rate is a good indicator for the stress
level of the user. The wake-up heart rate is in particular an
indicator that gives feedback about the restoration of the user
during sleep.

[0067] One of the main benefits of the present invention is
that the stress measuring system 10 allows to switch off the
alarm clock 12 and measure the first vital sign (e.g. the heart
rate) in one go without the need of a further user interaction.
A user might therefore not even recognize that his/her heart
rate is measured, as he/she “only” turns off the alarm of the
alarm clock 12 in a more or less usual manner.

[0068] The main advantage is that the user does not have to
wear any extra device, such as a wristband that measures the
heart rate. Secondly, there is no risk of falsifying the heart rate
measurement, since the user does not even recognize the heart
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rate measurement and can thus not psychologically prepare
for it. Thirdly, the integration into an alarm clock 12 realizes
a mobhile solution that may also be carried on during travel-
ling.

[0069] FIGS. 3A to 3C show different embodiments how
the stress-measuring system 10 may be implemented in prac-
tice. Generally, a regular (digital) alarm clock 12 may be used.
This alarm clock 12 should be able to produce any kind of
alarm at an arbitrary time that may be set by a user. It could,
for example, comprise several buttons 20 that allow to set the
time of the alarm clock and/or to set the time of the alarm
(wake-up time). Of course, also other functions may be inte-
grated into a user menu of the alarm clock 12, such as the
possibility to store different wake-up times, or the possibility
to set the alarm only on week days, or the possibility to switch
off the display 22 during the night, etc.

[0070] The alarm may be produced in many ways. Usually,
a loudspeaker 24 is used to produce an alarm tone or any
freely choosable melody (e.g. taken from a CD, an MP3 or
directly from the radio). However, the term “alarm™ shall not
be restricted to any audible signal, but shall also include
visual or tactile signals. Any kind of vibration of the alarm
clock 12 could be also be used as an alarm to wake up the user.
Similarly, as this is also schematically illustrated in FIG. 35,
alight source 26 could be used for generating an alarm signal.
As this is known from many prior art alarm clocks, such a
light source 26 could either produce a blinking light or a light
that continuously increases the light intensity at or before the
alarm time allowing a very smooth wake-up. Such a visual
alarm signal shall herein also be denoted as “alarm” in gen-
eral.

[0071] According to the first exemplary embodiment
shown in FIG. 3A, a PPG sensor may be used as vital sign
sensor 16. This PPG sensor 16 may be either integrated into
the interface 14 or arranged below the interface 14. It allows
to measure a heart rate at a finger tip of the user. The PPG
sensor 16 may be used in either transmission or reflection
mode to measure the heart rate of the user. The interface 14 to
switch off the alarm of the alarm clock 12 could be realized as
aregular button that has to be pressed or as a sensor array that
only has to be touched (not pressed). As soon as the user
operates the interface 14, the PPG sensor 16 starts to measure
the heart rate of the user. In order to receive a reliable heart
rate measurement, the user only has to press or touch the array
14 a little longer than usual (e.g. for several seconds, as this
will be explained with reference to FIG. 4).

[0072] Another possibility to derive the heart rate during
this user interaction (pressing or touching the interface 14) is
schematically illustrated in FIG. 3B. According to this
embodiment, the heart rate is measured using remote PPG. A
camera 28, e.g. a Philips vital signs camera (see http://www.
vitalsignscamera.com), can be used to determine the heart
rate. Usually, this vital signs camera is focused on the face of
the user as soon as he/she presses or touches the interface 14
to switch off the alarm of the alarm clock 12. In a similar
manner, the heart rate can also be measured by focusing the
hand of the user as soon as he/she touches the interface 14.
[0073] In both cases, the vital signs camera 28 preferably
focuses a part of the skin of the user. As already mentioned
above, remote PPG is based on the principle that temporal
variations in blood volume in the skin lead to variations in
light absorptions by the skin. Such variations can be regis-
tered by the video camera 28 that takes images of any skin
area (either in the face or on the hand). By looking at these
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periodic variations, a signal can be derived from which the
heart beat rate can be extracted. In a practical implementation,
the processing unit 18 could have software stored thereon to
carry out the known remote PPG algorithm. It could, for
example, use the Philips vital signs app.

[0074] It is to be noted that the vital signs camera 28 does
not necessarily need to be integrated into the alarm clock 12.
The vital signs camera 28 could also be realized as an external
device that is, for example, arranged next to the alarm clock
12 or next to the bed of the user. It may of course also be
arranged on a wall next to the bed of the user. However, an
integration into the alarm clock is preferable.

[0075] A third possibility of measuring the heart rate, while
the user switches off the alarm of the alarm clock 12, is
schematically illustrated in FIG. 3C. Instead of a PPG sensor,
an electrocardiographic (ECG) sensor 30 is used in this
example. As it is known from the state of the art, an ECG
sensor also allows to measure the heart rate. The ECG could,
for example, be measured between two fingers of the user
each at another hand. Therefore, the alarm clock could com-
prise two interfaces 14', 14", into which two ECG electrodes
30',30" are integrated. To turn off the alarm ofthe alarm clock
12, the user then has to touch both electrodes 30", 30" simul-
taneously. Alternatively, the alarm clock 12 could comprise
only one ECG electrode 30, whereas the other electrode can,
for example, be formed by the bed of the user. However, this
would hamper the mobility of the system.

[0076] Independent on how the heart rate of the user is
measured (either of the three above-mentioned possibilities),
the processing unit 18 is configured to determine a level of
stress of the user based on the measured heart rate. Several
algorithms can be used therefor. The determination of the
stress level of the user may be based on a single heart rate
measurement, In this case, the measured heart rate is com-
pared with a threshold value. Personal information (e.g. age,
weight, gender of the user) may also be taken into account.
This allows to determine a so-called stress level index. Alter-
natively, the determination of the stress level may also be
based on several heart rate measurements. In particular for
monitoring a risk of an upcoming burnout, which is one ofthe
main targets of the present invention, the trends in the heart
rate over a long-term period (over weeks, months or years)
may be analyzed. This could be done by a software algorithm
that is processed in the processing unit 18. Details on how to
determine the risk of an upcoming burnout will be explained
further below.

[0077] In case a trend in subsequent heart rate measure-
ments is analyzed, it is preferred that the stress-measuring
system 10 further includes a storage unit 32. This storage unit
32 is used to store the measured vital signs (heart rates) of the
user. It could be realized as any type of memory medium, e.g.
as a hard drive, that is integrated into the alarm clock 12 (see
FIG. 2).

[0078] FIG. 2 illustrates further (optional) components of
the stress-measuring system 10. A guiding unit 34 could be
provided that outputs an audible, visual and/or tactile guiding
signal as soon as the user operates the interface 14 to switch
off the alarm. This guiding signal can be used to guide the user
to keep the interface 14 of the alarm clock 12 operated for a
threshold period of time At. A melody or a simple tone could
be produced by the guiding unit 34 starting as soon as the user
operates the interface 14 (presses the button 14) and finishing
as soon as the heart rate measurement is completed.
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[0079] According to all of the above-mentioned ways of
measuring the heart rate (PPG at fingertip, remote PPG or
ECG), at least two subsequent heart beats need to be mea-
sured. Otherwise, it would not be possible to extrapolate the
measured heart rate interval to receive a reliable heart rate
value. The guiding unit 24 could thus encourage the user to
operate the interface 14 long enough in order to be able to
carry out a reliable heart rate measurement. Of course, the
guiding unit 34 could also produce the guiding signal in
another form (e.g. in visual or tactile form). In all cases, the
guiding unit could be represented by a small actuator that is
integrated into the alarm clock 12.

[0080] The alarm clock 12 may also feature a fingerprint
sensor 36 that is integrated into the interface 14 of the alarm
clock 12. The fingerprint sensor 36 can, for example, be added
to the surface of the interface button 14 to distinguish between
multiple users of the alarm clock 12. This allows to exactly
identify a user. Heart rate measurements of one user will thus
not be interchanged with heart rate measurements of other
users. The processing unit 18 could have software stored
thereon that distinguishes between the different users and
stores them e.g. in separate folders within the storage unit 32.
[0081] Furthermore, the stress measuring system 10 may
comprise a feedback unit 38. This feedback unit 38 may be
used for indicating a burnout status to the user in audible,
visual or tactile form. The feedback unit 38 may, for example,
warn the user that there is a high risk for a burnout. A blinking
light could appear or a spoken message could be presented to
him/her. In practice the feedback unit 38 outputs its feedback
either in visual form using the display 22, or in audible form
using the loudspeaker 24, or in visual form using the light
source 26.

[0082] Even further, the stress measuring system 10 may
comprise an initialization unit 44 that initializes the vital sign
sensor 16 to measure the vital sign of the user as soon as the
user operates the interface 14 of the alarm clock 12. This
initialization unit 44 could be software-based and integrated
into the processing unit 18. It ensures that the vital sign
measurement (heart rate measurement) is initialized as soon
as the user operates the interface 14. Tt may also be realized by
a movement sensor that detects the movement of a hand. In
this way, the system 10 is prepared to start the process already
before the user touches the interface 14 (already when he/she
approaches it).

[0083] The whole measurement process is, in a schematic
way, again realized in FIG. 4. Itillustrates the measurement in
case a PPG sensor is used (see first embodiment illustrated in
FIG. 3A). However, the illustrated procedure may be trans-
ferred with only slight adaptations to the other two mentioned
ways of measuring the heart rate (remote PPG or ECG).
[0084] First, the user touches the interface 14. The initial-
ization unit 44 recognizes this interaction and turns the vital
sign sensor 16 on. A signal is given that indicates that the
interface 14 is touched/pressed. A light source represented by
block 40 then emits light to the finger tip of the user. A
receiver represented by block 42 receives the reflected light
and transmits the received signal 43 to the processing unit 18.
Concurrently, the fingerprint sensor 36 may identify the user.
The heart rate is then calculated/processed by the processing
unit 18 using the received heart rate signal 43. A timer 46 may
be used to measure the time At that is needed for extracting the
heart rate with the vital sign sensor 16. This time signal 47
produced by the timer 46 may be transferred to the loud-
speaker 24 or light source 26. The alarm produced by the
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loudspeaker 24 or light source 26 is, for example, only
switched off if the user keeps the interface 14 operated for the
threshold time period At that is needed to measure the heart
rate. Otherwise it continues the alarm or starts the alarm
again. This process may be accompanied by the guiding sig-
nal produced by the guiding unit 34, as this has been men-
tioned before. Finally, the calculated heart rate and the user
identity may be saved within the storage unit 32. The data
couldalso be directly transferred (e.g. via Internet) to a doctor
who could evaluate the risk for an upcoming burnout.

[0085] A further embodiment of the present invention is
schematically illustrated in FIG. 5. In this embodiment, the
stress measuring system 10 comprises, besides the above-
described alarm clock 12, furthermore one or two additional
activity sensors 48, 50. These activity sensors 48, 50 are
arranged in or around a bed 52 of the user and configured to
unobtrusively measure a second vital sign of the user, when
the user is in bed. The second vital sign may, similar as first
the first vital sign, also be a heart rate of the user, but may also
be a measurement signal monitoring the activity of the user
during his/her sleep. The processing unit 18 is in this case
adapted to determine the level of stress based on all measured
signals.

[0086] In an implementation of the invention, activation
sensor 48 could be realized as an (additional) vital signs
camera that monitors the heart rate of the user during sleep. It
may be focused on the face of the user during sleep. Alterna-
tively or in combination, an activity sensor 50 may be linked
to the bed 52 of the person. The activity sensor 50 can com-
prise a pressure sensor or an array of pressure sensors 54 that
is attached to the bed 52, e.g. integrated into the mattress of
the bed 52. It allows to derive the heart rate from the pressure
patterns that may be recorded with the pressure sensor array
54. One or both activity sensors 48, 50 may continuously
measure the heart rate of the person during the night, and e.g.
retain the average of the last five minutes. Whenever the
signal, that is produced by either of the two activity sensors
48, 50, disappears, apparently the user has left his bed and the
most recent five-minute average is stored as the wake up heart
rate within the storage unit 32. Also the time at which this is
measured may be recorded. If the user re-enters the bed after
a (short) while, the measurement procedure continuous as
before, and possibly a new wake-up heart rate for that day is
recorded. This way at least one wake-up heart rate is regis-
tered each day. However, it is to be noted that the wake-up
heart rate may still be measured in the above-mentioned way
using the alarm clock 12. The activity sensors 48, 50 may in
this case be used for other vital sign measurements or for
monitoring the sleeping behavior of the user. It shall be also
noted that in a practical implementation the stress-measuring
system 10 may comprise only one activity sensor, either cam-
era sensor 48 or pressure sensor 50.

[0087] The activity sensor 50 including the pressure sensor
array 54 may monitor the activity of the user during his/her
sleep. This allows to monitor repetitive changes from normal
patterns of this person, which can indicate a lack of complete
restoration during the sleep phase. Periods of minimal activ-
ity (sleep) and periods of substantial activity (awake) may be
derived from the signal produced by the pressure sensor array
54. Their relative lengths may be calculated by the processing
unit 18. This allows to derive the number of alternating peri-
ods as a sleep fragmentation number, and the relative length
of the sleep periods may be taken as a measure of a so-called
sleep-wake-ratio.
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[0088] Alldata, the heart rate data and the sleep data may be
processed in the processing unit 18 to determine the stress
level. For example, a stress level value may be calculated.
This value may be calculated each day or as an average value
per week. If these values are very high in an absolute sense
(that is higher than the average of the population at large), the
user may be directly warned that it might be wise to visit a
doctor. Usually, however, the values will be within the spread
normally encountered in the population at large, and the sys-
tem 10 will not give any direct warning to the user. However,
all data (heart rate data and sleep data) allow to monitor
whether these data have a tendency to increase in comparison
to the values measured before.

[0089] A very strong indicator for an upcoming burnout is
also the minimum heart rate measured during the night. It is
thus preferred that the processing unit 18 also includes said
minimum into the determination of the stress level of the user.
The algorithm implemented in the processing unit 18 may be
personalized. The algorithm may further include at least one
of the following information into the determination of the
stress level: a time information, a calendar information, in
particular a calendar information if it is a week day, a week-
end or a holiday, an information about a family history of the
user and/or an information about a physical activity of the
user. Including all these information into the algorithm dras-
tically improves the position of a burnout forecast. Differen-
tiating between measurements on work days and on week-
ends gives further inside.

[0090] One possible way to calculate/forecast a risk for a
burnout is to calculate an overall restoration value from the
combination of the measured morning heart rate, the sleep
fragmentation, the wake-sleep ratio and/or the minimum
heart rate during sleep. If this restoration value is within the
range of normal population during the first weeks after instal-
lation of the system 10 and does not increase consistently
afterwards, the risk for a burnout is identified to be fairly low.
If on the other hand the restoration value is consistently
outside the regular boundaries, a message will be given to the
user to warn him and to recommend him to go to a doctor.
[0091] As already mentioned above, an automated system
could also transfer the data to a qualified and trusted physician
for evaluation prior to (or after) a warning to the person. A
further possibility that may be taken into account are envi-
ronmental factors. Thereto, the system could further com-
prise several sensors that measure the temperature, the noise
and/or the light intensity within the room. These measure-
ments could be analyzed in relation to the heart rate and/or
sleep data.

[0092] The herein presented invention can be combined
with an information and time management system that may
be used as a burnout prevention. A schematic block diagram
of such an information and time management system 100 is
illustrated in FIG. 6. This information management system
100 takes users’ vital signs, preferences, and history into
consideration to evaluate and determine what, when, and how
to present incoming data (i.e. information) to the user. It
allows to selectively present data to the user and aims at
reducing the psychological and physical load within a mod-
ern work environment. Consequently it contributes to the
prevention or reduction of repetitive strain injuries (RSI) and
burnout.

[0093] This intelligent information management system
100 (see FIG. 6) may comprise the following components: the
information management system 100 organizes/manages
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incoming information (represented by block 60) by taking
user preferences (indicated by block 62) and users’ vital signs
(indicated by block 64) into account and presenting the infor-
mation to the user (indicated by block 66).

1. Incoming information (60)

[0094] Incoming information (60) includes all types of
digital information, such as emails, meeting requests, phone
calls, text messages, Facebook notifications, news updates,
etc.

2. User preferences (62)

[0095] The user can, for example, set how, when and what
information he/she wants to see. The user may also set the
importance and urgency of the messages. Furthermore, the
user may personalize how the smart information management
system 100 operates.

3. User vital signs (64)

[0096] Vital signs (e.g. heart rate, sleep pattern, blood pres-
sure, etc.) may be measured in the above-mentioned way. The
information management system 100 may assess how the
vital signs change in relation to the incoming and presented
information. In this way, the system 100 learns how a certain
type of incoming data influences the user. This learning hap-
pens automatically, as follows:

[0097] At the very beginning when the system 100 is first
installed to the user’s device (computer, smartphone, iPad
etc.), the system passively gathers information about the user.
It analyzes the incoming data and builds links to the vital
signs that are measured from the user. This continues for a
defined period of time, for example two months. After two
months, the system is fully operational and ready to assist the
user, as sufficient data have been collected and a user profile
has been created. The system can now accurately predict
effects of incoming information on the user. New incoming
information is used to update the corresponding user profile.
Learning and adaptation is done using different data mining,
natural language processing and artificial intelligence tools
and algorithms.

[0098] Vital signs that are measured include e.g. heart rate,
heart variability, skin conductance and breathing patterns.
These measurements can be easily done using Philips appli-
cations and devices such as a vitality bracelet and a vital signs
camera. In addition, epidermal electronics patches can be
attached to a user’s body and such data can be collected at all
times without the need of any devices. Taking the technologi-
cal developments into account, collection and processing of
the physiological data will become easily accessible and a
common practice.

4. Information management system (100)

[0099] The information management system could be
implemented as a software. This software may have different
data processing algorithms working in parallel. All types of
data 60 coming from the devices, user preferences 62, and
vital signs 64 are analyzed and a user profile or multiple user
profiles may be created. Based on these, the data is presented
at the time, manner, format, and content most suitable to the
user’s condition. In an embodiment, the information manage-
ment system 100 can also communicate with other informa-
tion management systems, so that the different systems may
learn from each other.

5. Information presented to the user (66)

[0100] The information is not only presented to the user.
The response of the user to the presented information is
preferably observed as well in order to update the manage-
ment system parameters accordingly.
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[0101] Two practical embodiments of such an information
management system 100 shall be presented in the following:

Example 1

Flectronic Calendar

[0102] Inthe area of the paper calendar, people and/or their
assistants received a request for a new appointment and were,
in principle, able to plan that new appointment at a moment
that was most convenient for them. It was possible to take into
account that people had to travel, had to see another person
first or wanted to read a report first. Also the request to
him-/herself played a role. To some people a higher priority
could be given than to others.

[0103] The electronic calendar has brought many new fea-
tures. To plan a multiple participant meeting using paper
calendars 1s a difficult task. However, the electronic calendar
can make a suggestion in a split second for the earliest pos-
sible time slot and many alternatives.

[0104] The electronic calendar, however, has reduced the
control over time drastically. Of course, people can decline an
invitation for an appointment and make a suggestion for a
time that fits better for them. But this is extra work. Inaddition
this gives a strange, negative signal to the others. By moni-
toring the user’s response (physical signals, working patterns,
speech, facial expressions, etc.) to such meetings for a spe-
cific amount of time, the information management system
100 gets a feedback about the user’s personality and his/her
way of responding to such situations. Then, if it is detected
that having multiple adjacent meetings has undesired effects
(which in long term can lead to burnout or RSI) on the person,
adjacent time slots may, for example, be automatically
blocked in the electronic calendar. This may also depend on,
for example, the existing appointments or the content/impor-
tance of the new appointment, so that the user has enough
time to prepare for a meeting, or to recover after the meeting.

Example 2

Email

[0105] Intheold days, the mailman came by almost once or
twice per day and you had plenty of time to work or to prepare
an answer without being disturbed by new mail coming in.

[0106] Next to the many positive aspects of email, there are
negative aspects as well. The most important are: they come
in 24/7 and they can have a very similar turnaround time.

[0107] By analyzing the content of an email, something can
be said about its relevance and stress that it may cause. In case
the email contains a positive answer or message, it may
reduce the stress level. Whenever a negative answer or mes-
sage is contained, it can be expected that the stress level will
go up. The information management system 100 therefore
analyzes the emails in advance before presenting it to the user.
The system 100 may be configured to delay incoming emails
or not to show newly received emails at the moment they enter
the inbox if it is observed that receiving multiple emails can
have undesired effects on the user. The mail signal may be
made dependent on the time of the day. New mails may only
be shown at discrete moments during the day. The mail signal
may also be made dependent on the work with the computer.
When working intensively, reading or typing, incoming mails
may be suppressed. The mail signal may also be made depen-
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dent on the content or the sender of the incoming mail. Urgent
mails or mails classified as important may of course be an
exception.

[0108] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0109] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0110] A computer program may be stored/distributed on a
suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such as
via the Internet or other wired or wireless telecommunication
systems.

[0111] Any reference signs in the claims should not be
construed as limiting the scope.

1. Stress-measuring system for determining a level of
stress of a user, in particular for monitoring an upcoming
burnout, the system comprising:

an alarm clock for initiating an alarm at an arbitrary preset

time, wherein the system comprises an interface for
switching off the alarm;

avital sign sensor for measuring a first vital sign of the user

while the user operates the interface, herein the vital sign
sensor is integrated into the interface of the alarm clock;
and

a processing unit for determining the level of stress of the

user based on the sensed first vital sign.

2. (canceled)

3. Stress-measuring system according to claim 1, wherein
the alarm clock is configured to switch-off the alarm only if
the user keeps the interface operated for a threshold time
period (At) that is needed to measure the vital sign, otherwise
to continue the alarm or to start the alarm again.

4. Stress-measuring system according to claim 3, further
comprising a guiding unit that outputs an audible, visual
and/or tactile guiding signal as soon as the user operates the
interface to switch off the alarm, wherein the guiding signal is
configured to guide the user to keep the interface of the alarm
clock operated for the threshold period of time (At).

5. Stress-measuring system according to claim 1, wherein
the vital sign sensor is a PPG sensor that is integrated into the
interface of the alarm clock and configured to measure a heart
rate at a fingertip of the user.
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6. Stress-measuring system according to claim 1, wherein
the vital sign sensor comprises a vital signs camera using
remote PPG to determine a heart rate of the user.

7. Stress-measuring system according to claim 1, wherein
the vital sign sensor is an ECG sensor, wherein at least one
ECG electrode is integrated into the interface of the alarm
clock.

8. Stress-measuring system according to claim 1, further
comprising a fingerprint sensor that is integrated into the
interface of the alarm clock.

9. Stress-measuring system according to claim 1, further
comprising a storage unit for storing the measured first vital
signs of the user.

10. Stress-measuring system according to claim 9, wherein
the processing unit is further configured to evaluate a chance
for an upcoming burnout based on a tendency of a plurality of
measured first vital signs of the same user stored in the storage
unit.

11. Stress-measuring system according to claim 1, further
comprising a feedback unit for indicating a burnout status to
the user in audible, visual or tactile form, and wherein the
feedback unit is configured to indicate the burnout status only
upon request of the user.

12. (canceled)

13. Stress-measuring system according to claim 1, further
comprising an activity sensor that is arranged in or around a
bed of the user and configured to unobtrusively measure a
second vital sign of the user when the user is in bed, and
wherein the processing unit is adapted to determine the level
of stress based on the first vital sign and/or the second vital
sign.

14. Stress-measuring system according to claim 1, wherein
the activity sensor is furthermore configured to measure a
movement of the user in bed and to derive a sleep-wake
pattern therefrom, and wherein the processing unit is adapted
to determine the level of stress based on the first vital sign
and/or the second vital sign and/or the sleep-wake pattern.

15. Stress-measuring system according to claim 13,
wherein the activity sensor comprises a pressure or piezoelec-
tric sensor.

16. Stress-measuring system according to claim 13,
wherein the processing unit is configured to determine a
minimum of the measured second vital sign of the user during
sleep, and wherein the processing unit is adapted to include
said minimum into the determination of the stress level.

17. Stress-measuring system according to claim 1, wherein
the processing unit is further configured to include at least one
of the following information into the determination of the
stress level: a time information, a calendar information, in
particular a calendar information if it is a weekday, a weekend
or a holiday, an information about a family history of the user
and/or an information about a physical activity of the user.

* #* * #* #®
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https://share-analytics.zhihuiya.com/view/61de628a-1fd3-4956-8260-a95da75330c5
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