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(57) ABSTRACT

Disclosed is a method and a system implementing the
method for determining an optimal time window for sleep of
a person. The method includes receiving samples of a distal
skin temperature of the person, and detecting a temperature
change pattern in the samples of distal skin temperature. The
temperature change pattern indicates a reference point
within the circadian rhythm. The optimal time window for
sleep is determined on the basis of the indicated reference
point. The temperature change pattern is in the form of a
drop in the distal skin temperature followed an increase in
the distal skin temperature, where the drop and the increase
occur within a time window of ten minutes or less.
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METHOD AND SYSTEM FOR
DETERMINING TIME WINDOW FOR SLEEP
OF A PERSON

FIELD

[0001] The present disclosure relates to monitoring of
sleep of a person and more particularly to determining
ultradian cycles within a circadian rhythm of the person.

BACKGROUND

[0002] Sleep of a human follows a circadian rhythm, i.e.
a sleep-wakefulness cycle that is on average 24.09+0.2 h (24
h 5 min+12 min) for women and 24.19+0.2 h (24 h 11
min+12 min) for men, aged 18 to 74 years. The circadian
rhythm is typically synchronized to the day-night cycle, i.e.
the light-darkness cycle. During sleep within the circadian
rhythm, a natural sleep cycle repeats itself at a constant
interval reflecting the 1-to-2-hour ultradian basic rest-activ-
ity cycle. The natural sleep cycle comprises a plurality of
stages including light sleep, deep (slow wave) sleep, and
REM (Rapid Eye Movement) sleep that repeat in a prede-
termined order.

[0003] An adult person may be considered to need on
average a minimum of 4 full sleep cycles that are guided by
the human circadian system controlling the core temperature
rhythm and the sleep-wake cycle. Less sleep may result in
various negative effects to wellbeing and health. In order to
ensure sufficient amount of sleep for a person, it may be
desirable to try to monitor the sleep and to estimate the
progress of the person’s natural sleep cycles.

[0004] Estimates of the progress of the natural sleep cycles
may be based on the nightly movements of a person, for
example. The movements may be estimated by using a
microphone to detecting noises caused by the movements or
by using an accelerometer. However, the magnitude and
content of the measured data may be highly dependent on
the positioning of the sensors. Further, the measurements are
easily interfered (e.g. by another person sleeping in the
vicinity of the monitored person). Measurement of core
temperature of the person can provide fairly accurate infor-
mation on the progress of the circadian rhythm. However,
measurement of the core temperature during the sleep of a
person may be impractical and uncomfortable.

BRIEF DISCLOSURE

[0005] An object of the present invention is to provide a
method and system for implementing the method so as to
alleviate the above disadvantages. The objects of the inven-
tion are achieved by a method and a system which both are
characterized by what is stated in the independent claims.
The preferred embodiments of the invention are disclosed in
the dependent claims.

[0006] An optimal time window for sleep of a person can
be accurately detected by monitoring distal skin tempera-
ture. There is a direct link between production of melatonin
(and other hormones related to sleep) and the circadian
rhythm. Once the level of melatonin in the blood stream of
the person reaches a certain level after start of nocturnal
melatonin production, a rapid, distinct pattern can be
observed in the distal skin temperature of the person. The
distal skin temperature first drops and thereafter rises again
rapidly. Said pattern occurs approximately within ten min-
utes, typically within five minutes.
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[0007] The temperature change pattern provides a fixed
reference point within the circadian rhythm. It indicates an
optimal time for going to sleep. Once a person has fallen
asleep, the natural sleep cycle repeats at a constant interval
from the start of the sleep. Based on the starting point of the
sleep and the constant interval, it is possible to accurately
determine the progress of the natural sleep cycles. With this
information, it is possible to optimize the instant for getting
to sleep and/or for waking up.

[0008] Since the temperature change pattern indicating the
optimal starting point for sleep is fast and distinctive, the
measurement of the distal skin temperature does not have to
be very accurate. These rapid changes of the distal skin
temperature are easy to identify as they are much faster and
greater in a short time period than so called normal skin
temperature changes caused by activities, such as walking
and running, or changes in ambient temperature. The skin
temperature may thus be measured with or without contact
to the skin. This enables accurate, robust, and comfortable
approaches for determining the optimal time window for
sleep.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the following the invention will be described in
greater detail by means of preferred embodiments with
reference to the attached drawings, in which

[0010] FIG. 1 illustrates an exemplary diagram of distal
skin temperature during ultradian cycles within the circadian
rhythm.

DETAILED DISCLOSURE

[0011] The present disclosure describes a method for
determining an optimal time window for sleep of a person.
The method comprises receiving samples of a distal skin
temperature of the person and detecting a temperature
change pattern in the samples of the distal skin temperature.
The samples may originate from a temperature sensor
arranged to measure the distal skin temperature. In this
context, distal skin temperature refers to skin temperature at
extremities of body, such as the limbs and the head of a
person. For example, in the context of the present disclosure,
distal skin temperature may be measured from a finger,
wrist, ankle, forehead or ear lobe.

[0012] There is a direct link between production of mela-
tonin and the circadian rhythm. At the same time, melatonin
production has a correlation with distal skin temperature. A
rapid, distinct pattern in the distal skin temperature can be
observed after the nocturnal melatonin production has
started. Then, the distal skin temperature falls approximately
by 0.5° C., after which the distal skin temperature rises by
approximately 1.5° C. This temperature change pattern is
rapid: it typically occurs within approximately 10 minutes
(typically within about 5 minutes).

[0013] FIG. 1 shows an exemplary curve of distal skin
temperature of a person. In FIG. 1, rapid skin temperature
change indicates the optimal time window for sleep to open,
also called as a “sleep train”. An optimal time to go to sleep
is within 20-30 minutes from the characteristic temperature
change pattern that follows the start of nocturnal melatonin
production. When the person falls asleep, sleep cycles start
to run, distal skin temperature of the person starts to rise
steadily, and the temperature change patterns cease to occur.
If the person does not go to sleep, the temperature pattern
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repeats itself after a period. FIG. 1 shows two temperature
change patterns: a first pattern A, at 21:55 and a second
pattern A, at 23:23. In other words, the person does not fall
asleep after the first pattern A, in FIG. 1. However, after the
second pattern A,, the person falls asleep, and his/her distal
skin temperature rises about 2° C. in about 60 minutes.
[0014] Sleep train frequency (i.e. the frequency of occur-
rences of the temperature change patterns) determines the
length of each sleep cycle. The best time windows to
wake-up are after four or five complete sleep cycles. In FIG.
1, the length T, of the sleep cycle (i.e. the time between
the first pattern A and the second pattern A,) is 88 minutes.
The length of the cycle multiplied by four (1xT ., in FIG.
1) and starting from the second pattern A, (falling asleep
when the distal skin temperature starts rising steadily) at the
start of sleep results in an optimal wake-up instant at 05:15
in the morning in FIG. 1. Similarly, an optimal wake-up
instant based on five sleep cycles would be at 6:43 in the
morning.

[0015] Therefore, in order to track the optimal time win-
dow for sleep of a person, the distal skin temperature may
be monitored for occurrences of the above-described tem-
perature change patterns. For example, in a method accord-
ing to the present disclosure, a temperature change pattern in
the distal skin temperature monitored with a skin tempera-
ture sensor may be detected. The temperature change pattern
indicates a reference point within the circadian rhythm. The
method may be configured to detect a temperature change
pattern that is in the form of a drop in the distal skin
temperature followed an increase in the distal skin tempera-
ture, wherein the drop and the increase occur within a time
window of ten minutes or less, for example five minutes.
The magnitude of the increase is higher than the magnitude
of the drop. The magnitude of the drop may be approxi-
mately 0.5° C. and the magnitude of the increase may be
approximately 1.5° C., for example.

[0016] Presence of the temperature change pattern in the
sampled distal temperature may be detected by using various
different algorithms. For example, the distal skin tempera-
ture may be periodically sampled and the samples may be
stored. Based on the samples, a method according to the
present disclosure may determine if an above-described drop
and following increase occur in a predetermined window of
subsequent samples. Alternatively, the pattern may be
detected by monitoring the rate of change (i.e. the slope) of
the distal skin temperature. Various known pattern recogni-
tion algorithms may also be used for detecting the tempera-
ture change in the samples of the monitored distal skin
temperature.

[0017] An optimal time window for sleep. determined on
the basis of the temperature change pattern, may be utilized
in various ways. For example, an optimal instant for turning
in for sleep may be estimated on the basis of determined
optimal time window for sleep. The ability to fall asleep may
be considered to be linked to the start of production of
melatonin. When the characteristic temperature change pat-
tern is observed in the distal temperature of a person, he or
she has approximately 20 to 30 minutes to get to sleep.
Typically, the interval (i.e. length) of the natural sleep cycle
is approximately 90 minutes for an adult, but it may vary
between individuals. For example, depending on the age of
the person, the length of the sleep cycle may vary between
40 minutes to 130 minutes. However, within a time frame of
a day or several days, the interval at which the natural sleep
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cycle repeats itself may be considered to remain rather
constant. By determining the interval between the occur-
rences of the temperature change patterns according to the
present disclosure, an accurate estimate of the length of the
natural sleep cycle of the person can be calculated. As a
result, optimal instants for turning in may be predicted based
on the detected occurrences of the temperature change
patterns and the interval between occurrences. Based on the
optimal instant for a wake-up or turning in to sleep has been
determined, an alarm may be raised when the optimal instant
is present. Once a person has fallen asleep, the temperature
change patterns cease to occur. The temperature change
patterns will re-start again if the person awakes in the middle
of the night. This may be used as a further indicator of sleep
when monitoring the sleep of a person. When she or he falls
asleep, the distal skin temperature starts to increase con-
stantly by about 2° C. in the forthcoming 120 minutes.

[0018] A method according to the present disclosure may
also comprise estimating an optimal instant for a wake-up
for a person on the basis of the determined optimal time
window for sleep. An adult person may be considered to
need 4 to 6 full sleep cycles. If a wake-up (e.g. in the form
of an alarm) is scheduled to occur at a light sleep stage
within the natural sleep cycle, the person wakes up feeling
fresh and energetic. An optimal instant or instants of wake-
up may be calculated on the basis of the characteristic
temperature change patterns and length of the natural sleep
cycle, for example. An optimal wake-up instant may be
calculated by adding a plurality (e.g. 4, 5, or 6) of deter-
mined lengths of the natural sleep cycle (e.g. 90 minutes) to
the time of the last observed occurrence of the characteristic
temperature change pattern in the evening. Once the optimal
instant has been reached, an alarm may be raised in order to
wake up the person.

[0019] Because the temperature is so fast and distinctive,
cost-effective, low-end measurement equipment may be
used. The temperature change pattern may be detected with
a MEMS-based temperature sensor or an infrared sensor, for
example. The temperature sensor may be a part of a wear-
able device, for example. In order to be able to detect the
change pattern, the distal temperature has to be sampled at
a sufficient frequency. For example, the distal temperature
may be sampled at least once a minute, e.g. once every 30
seconds.

[0020] In some embodiments, a method according to the
present disclosure may further comprise monitoring move-
ments and/or heart rate of the monitored person in order to
improve the accuracy of the determination of the circadian
rhythm. This additional information may be used for pro-
viding further confirmation on the estimated circadian
rhythm and the stages of the natural sleep cycle during the
circadian rhythm. The accuracy of the estimate of the
circadian rhythm may be further improved by gathering data
for a plurality of days and by using this data for calculating
the estimate.

[0021] The present disclosure further discloses a detection
unit and a system for determining an optimal time window
for sleep of a person.

[0022] The detection unit may comprise means configured
to receive samples of distal skin temperature, and carry out
the steps of an above-described method according to the
present disclosure. The detection unit may be a stand-alone
apparatus or it may be a part of a larger system.
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[0023] For example, the detection unit may be a stand-
alone apparatus that comprises a sensor for measuring a
distal skin temperature of a person, and means for imple-
menting the method for determining the optimal time win-
dow for sleep according to the present disclosure. The
apparatus may comptrise control unit comprising a comput-
ing device (such as a processor, an FPGA, or an ASIC) and
amemory which may act as the means for implementing the
method. The control unit may be configured to receive
samples of the measured distal skin temperature from the
sensor and detect the temperature change pattern according
to the present disclosure in the samples. The temperature
change pattern indicates a reference point within the circa-
dian rhythm. The optimal time window for sleep of the
person may then be determined on the basis of the indicated
reference point.

[0024] The stand-alone detection unit may be configured
to estimate an optimal instant for a wake-up and/or an
optimal instant for turning in for sleep on the basis of the
determined optimal time window for sleep. The detection
unit may implement a timer or clock function, and once an
optimal instant has been reached, the detection unit may
cause an alarm to be raised, in the form of an audible or
visual cue, for example. The stand-alone detection unit may
be in the form a wearable, such as an activity bracelet or a
heart rate monitor, that comprises a temperature sensor for
monitoring a distal skin temperature of the person. The
wearable may be configured to implement also other func-
tionalities in addition to a method according to the present
disclosure.

[0025] In some embodiments, the detection unit may also
be a part of a larger system for determining an optimal time
window for sleep of a person. For example, a system for
determining the optimal time window for sleep may com-
prise a separate measurement unit comprising a distal skin
temperature sensor and a detection unit that configured to
receive samples of distal skin temperature from the mea-
surement unit.

[0026] The measurement unit may be separate from the
detection unit and may comprise a wireless communication
unit through which the distal skin temperature data is sent to
the detection unit. The wireless connection unit may trans-
mit samples of the distal skin temperature via Bluetooth,
ZigBee, near field communication (NFC), or infrared pro-
tocols, for example. The measurement unit may be in the
form of a garment or a wearable, such as an activity tracker,
a smartwatches, an earbud, a rings, an e-stickers (i.e. an
adhesive sensor), for example. If a wearable is already
equipped with a skin temperature sensor, the method and
system according to the present disclosure may be imple-
mented without hardware changes to the wearable. In auto-
motive or avionics applications, the measurement unit may
be integrated to controls (e.g. to the driving wheel of a car).
[0027] The detection unit may be a generic computing
device or system, for example. A method according to the
present disclosure may be implemented in the form of a
computer program product having instructions which, when
executed by the computing device or system, cause the
computing device or system to perform a method according
to the present disclosure. For example, detection unit may be
a handheld communication device, such as a smart phone or
a tablet computer or even infotainment device or any kind of
medical device, into which the computer program product is
downloaded. The handheld communication device may be
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configured to wirelessly receive samples of distal skin
temperature originating from the measurement unit, detect a
temperature change pattern in the samples of distal skin
temperature in order to indicate a reference point within the
circadian rhythm, and determine the optimal time window
for sleep of the person on the basis of the indicated reference
point. The handheld communication device may further be
configured to estimate an optimal instant for a wake-up
and/or an optimal instant for turning in for sleep on the basis
of the determined optimal time window for sleep, and raise
an alarm on the basis of the estimated optimal instant.
[0028] Alternatively, cloud computing may be utilized for
implementing the detection unit. For example, a cloud
computing system may configured to receive samples of
distal skin temperature of a person, detect a temperature
change pattern in the samples of distal skin temperature in
order to indicate a reference point within the circadian
rhythm, and determine optimal time window for sleep of the
person on the basis of the indicated reference point. The
cloud computing system may further be configured to esti-
mate an optimal instant for a wake-up and/or an optimal
instant for turning in for sleep on the basis of the determined
optimal time window for sleep, and cause an alarm to be
raised on the basis of the estimated optimal instant. For
example, the cloud computing system may send an indica-
tion to a handheld communication device that an alarm
should be raised. The handheld communication device then
raises an alarm on the basis of this indication.

[0029] Functionalities of the method according to the
present disclosure may also be divided between a cloud
computing system and a separate decision-making unit. For
example, the may detect temperature change patterns as
describe above, and send timing information on the detected
temperature change patterns to a decision-making unit that
determines the optimal time window for sleep on the basis
of the timing information. The decision-making unit may be
a handheld communication device, for example. The deci-
sion-making unit may be further configured to estimate an
optimal instant for a wake-up and/or an optimal instant for
turning in for sleep on the basis of the determined optimal
time window for sleep, and raise an alarm on the basis of the
estimated optimal instant.

[0030] The method (and a detection unit and system
implementing the method) according to the present disclo-
sure may be utilized in various applications. For example,
the method may be used for implementing a driver’s sleep
alert in a vehicle, e.g. a car. The measurement of the distal
temperature from hand of the driver may be integrated to the
driving wheel, for example. Alternatively the measurement
of a distal temperature may be implemented as an infrared
sensor. The temperature data may be sent to a computing
device integrated to the vehicle (e.g. on-board computer) or
a handheld device, such as a smart phone.

[0031] The method according to the present disclosure
may also be utilized in minimizing jet lag. For a human, it
is possible to adjust the circadian rhythm approximately by
one hour per day. With the method according to the present
disclosure, this adjustment can be done in a systematic
manner.

[0032] It is obvious to a person skilled in the art that the
inventive concept can be implemented in various ways. The
invention and its embodiments are not limited to the
examples described above but may vary within the scope of
the claims.
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1-7. (canceled)

8. A computer-implemented method for determining an
optimal time window for sleep of a person, wherein the
method comprises

receiving samples of a distal skin temperature of the

person,

detecting a temperature change pattern in the samples of

distal skin temperature, wherein the temperature
change pattern indicates a reference point for the opti-
mal time window for sleep, and

determining the optimal time window for sleep on the

basis of the indicated reference point,
wherein

the temperature change pattern is in the form of a drop in

the distal skin temperature followed by an increase in
the distal skin temperature, where the drop and the
increase occur within a time window of ten minutes or
less.

9. The method of claim 8, wherein a magnitude of the
drop is approximately 0.5° C. and a magnitude of the
increase is approximately 1.5° C.

10. The method of claim 9, wherein the method further
comprises

estimating an optimal instant for a wake-up and/or an

optimal instant for turning in for sleep on the basis of
the determined optimal time window for sleep.

11. The method of c¢laim 10, wherein the method further
comprises

causing an alarm to be raised on the basis of the estimated

optimal instant.

12. A detection unit for determining an optimal time
window for sleep of a person, wherein the detection unit
comprises a control unit configured to

receive samples of a distal skin temperature of the person,

detect a temperature change pattern in the samples of

distal skin temperature, wherein the temperature
change pattern indicates a reference point for the opti-
mal time window for sleep, and

determine the optimal time window for sleep on the basis

of the indicated reference point,
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wherein
the temperature change pattern is in the form of a drop in
the distal skin temperature followed an increase in the
distal skin temperature, where the drop and the increase
occur within a time window of ten minutes or less.

13. The detection unit of claim 12, wherein a magnitude
of the drop is approximately 0.5° C. and a magnitude of the
increase is approximately 1.5° C.

14. The detection unit of claim 13, wherein the control
unit is configured to

estimate an optimal instant for a wake-up and/or an

optimal instant for turning in for sleep on the basis of
the determined optimal time window for sleep.

15. The detection unit of claim 14, wherein the control
unit is configured to

cause an alarm to be raised on the basis of the estimated

optimal instant.

16. A system for determining an optimal time window for
sleep of a person, wherein the system comprises

a measurement unit comprising a distal skin temperature

sensor and a wireless transmitter, and

the detection unit of claim 12, configured to receive

samples of distal skin temperature from the measure-
ment unit.

17. A non-transitory computer-readable medium on which
is stored a computer program having instructions which,
when executed by a computing device or system, cause the
computing device or system to perform the steps of

receiving samples of a distal skin temperature of the

person,

detecting a temperature change pattern in the samples of

distal skin temperature, wherein the temperature
change pattern indicates a reference point for the opti-
mal time window for sleep, and

determining the optimal time window for sleep on the

basis of the indicated reference point,
wherein

the temperature change pattern is in the form of a drop in

the distal skin temperature followed an increase in the
distal skin temperature, where the drop and the increase
occur within a time window of ten minutes or less.
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