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Description
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-activity cycle. The natural sleep
cycle comprises a plurality of stages including light sleep,
deep (slow wave) sleep, and REM (Rapid Eye Move-
ment) sleep that repeat in a predetermined 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 tem-
perature 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 per-
son, 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. Fur-
ther, the measurements are easily interfered (e.g. by an-
other person sleeping in the vicinity of the monitored per-
son). Measurement of core temperature of the person
can provide fairly accurate information on the progress
of the circadian rhythm. However, measurement of the
core temperature during the sleep of a person may be
impractical and uncomfortable. Further, the relationship
between skin temperature and sleep-onset latency has
been investigated in: "Skin temperature and sleep-onset
latency: changes with age and insomnia", R.J.E.M. Ray-
mann, D.F. Swaab and E.J.W. van Someren, Physiology
& Behavior 90 (2007), p. 257-266.

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 invention are achieved by a method and a system
which both are characterized by what is stated in the

10

15

20

25

30

35

40

45

50

55

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 tem-
perature. 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 pat-
tern can be observed in the distal skin temperature of the
person. The distal skin temperature first drops and there-
after rises again rapidly. Said pattern occurs approxi-
mately within ten minutes, typically within five minutes.
[0007] The temperature change pattern provides a
fixed reference point within the circadian rhythm. It indi-
cates 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 wak-
ing up.

[0008] Since the temperature change pattern indicat-
ing the optimal starting point for sleep is fast and distinc-
tive, 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 deter-
mining 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

Figure 1 illustrates an exemplary diagram of distal skin
temperature during ultradian cycles within the circadian
rhythm.

DETAILED DISCLOSURE

[0010] 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 temper-
ature. The samples may originate from a temperature
sensor arranged to measure the distal skin temperature.
In this context, distal skin temperature refers to skin tem-
perature at extremities of body, such as the limbs and
the head of a person. For example, in the context of the
presentdisclosure, distal skin temperature may be meas-
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ured from a finger, wrist, ankle, forehead or ear lobe.
[0011] Thereis adirectlink between production of me-
latonin and the circadian rhythm. At the same time, me-
latonin production has a correlation with distal skin tem-
perature. A rapid, distinct pattern in the distal skin tem-
perature 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 temper-
ature change pattern is rapid: it typically occurs within
approximately 10 minutes (typically within about 5 min-
utes).

[0012] Figure 1 shows an exemplary curve of distal
skin temperature of a person. In Figure 1, rapid skin tem-
perature 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 char-
acteristic temperature change pattern that follows the
start of nocturnal melatonin production. When the person
falls asleep, sleep cycles start to run, distal skin temper-
ature of the person starts to rise steadily, and the tem-
perature change patterns cease to occur. If the person
does not go to sleep, the temperature pattern repeats
itself after a period. Figure 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 Figure 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.

[0013] Sleep train frequency (i.e. the frequency of oc-
currences of the temperature change patterns) deter-
mines the length of each sleep cycle. The best time win-
dows to wake-up are after four or five complete sleep
cycles. In Figure 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 multi-
plied by four (4 X T, in Figure 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 instantat05:15 in the morn-
ing in Figure 1. Similarly, an optimal wake-up instant
based on five sleep cycles would be at 6:43 in the morn-
ing.

[0014] 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-de-
scribed temperature change patterns. For example, in a
method according to the present disclosure, a tempera-
ture change pattern in the distal skin temperature moni-
tored with a skin temperature 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 temperature,
wherein the drop and the increase occur within a time
window of ten minutes or less, for example five minutes.
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The magnitude of the increase is higher than the magni-
tude of the drop. The magnitude of the drop may be ap-
proximately 0.5 °C and the magnitude of the increase
may be approximately 1.5 °C, for example.

[0015] Presence of the temperature change pattern in
the sampled distal temperature may be detected by using
various different algorithms. For example, the distal skin
temperature may be periodically sampled and the sam-
ples 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. Alterna-
tively, the pattern may be detected by monitoring the rate
of change (i.e. the slope) of the distal skin temperature.
Various known pattern recognition algorithms may also
be used for detecting the temperature change in the sam-
ples of the monitored distal skin temperature.

[0016] 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 temper-
ature change pattern is observed in the distal tempera-
ture 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 ex-
ample, 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 cycle repeats
itself may be considered to remain rather constant. By
determining the interval between the occurrences of the
temperature change patterns according to the present
disclosure, an accurate estimate of the length of the nat-
ural 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 moni-
toring the sleep of a person. When she or he falls asleep,
the distal skin temperature starts to increase constantly
by about 2 °C in the forthcoming 120 minutes.

[0017] 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 op-
timal time window for sleep. An adult person may be con-
sidered 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
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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 determined lengths of the natural sleep
cycle (e.g. 90 minutes) to the time of the last observed
occurrence of the characteristic temperature change pat-
tern in the evening. Once the optimal instant has been
reached, an alarm may be raised in order to wake up the
person.

[0018] Because the temperature is so fast and distinc-
tive, 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 wearable device, for example. In order
to be able to detect the change pattern, the distal tem-
perature 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.

[0019] In some embodiments, a method according to
the present disclosure may further comprise monitoring
movements 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 providing 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 gath-
ering data for a plurality of days and by using this data
for calculating the estimate.

[0020] The present disclosure further discloses a de-
tection unit and a system for determining an optimal time
window for sleep of a person.

[0021] The detection unit may comprise means con-
figured to receive samples of distal skin temperature, and
carry out the steps of an above-described method ac-
cording to the present disclosure. The detection unit may
be a stand-alone apparatus or it may be a part of a larger
system.

[0022] Forexample, 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 im-
plementing the method for determining the optimal time
window for sleep according to the present disclosure.
The apparatus may comprise control unit comprising a
computing device (such as a processor, an FPGA, or an
ASIC) and a memory which may act as the means for
implementing the method. The control unit may be con-
figured 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 circadian rhythm. The optimal
time window for sleep of the person may then be deter-
mined on the basis of the indicated reference point.
[0023] The stand-alone detection unit may be config-
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ured 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 de-
tection 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 de-
tection 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 temper-
ature of the person. The wearable may be configured to
implement also other functionalities in addition to a meth-
od according to the present disclosure.

[0024] In some embodiments, the detection unit may
also be a part of a larger system for determining an op-
timal time window for sleep of a person. For example, a
system for determining the optimal time window for sleep
may comprise 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 measurement unit.

[0025] The measurement unit may be separate from
the detection unit and may comprise a wireless commu-
nication unit through which the distal skin temperature
datais sent to the detection unit. The wireless connection
unit may transmit samples of the distal skin temperature
via Bluetooth, ZigBee, near field communication (NFC),
orinfrared protocols, 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 implemented without hardware
changes to the wearable. In automotive or avionics ap-
plications, the measurement unit may be integrated to
controls (e.g. to the driving wheel of a car).

[0026] 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 acomputer program product having instructions which,
when executed by the computing device or system,
cause the computing device or system to perform a meth-
od according to the present disclosure. For example, de-
tection unit may be a handheld communication device,
such as a smart phone or a tablet computer or even in-
fotainment device or any kind of medical device, into
which the computer program product is downloaded. The
handheld communication device may be configured to
wirelessly receive samples of distal skin temperature
originating from the measurement unit, detect a temper-
ature change pattern in the samples of distal skin tem-
perature 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 ref-
erence 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
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on the basis of the determined optimal time window for
sleep, and raise an alarm on the basis of the estimated
optimal instant.

[0027] 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 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 cause an
alarm to be raised on the basis of the estimated optimal
instant. For example, the cloud computing system may
send an indication to a handheld communication device
that an alarm should be raised. The handheld communi-
cation device then raises an alarm on the basis of this
indication.

[0028] 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 pat-
terns 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 decision-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.

[0029] The method (and a detection unit and system
implementing the method) according to the present dis-
closure may be utilized in various applications. For ex-
ample, the method may be used for implementing a driv-
er's sleep alertin 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 imple-
mented 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.

[0030] The method according to the presentdisclosure
may also be utilized in minimizing jet lag. For a human,
itis possible to adjust the circadian rhythm approximately
by one hour per day. With the method according to the
presentdisclosure, this adjustment can be done in a sys-
tematic manner.

[0031] 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
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scope of the claims.

Claims

1. A method for determining a 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 sam-
ples of distal skin temperature, wherein the temper-
ature change pattern is used to indicate that noctur-
nal melatonin production has started, thereby pro-
viding a reference point within circadian rhythm of
the person, and
determining the time window for sleep by estimating
an instant for turning in for sleep and/or an instant
for a wake-up 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.

2. Amethod according to claim 1, wherein a magnitude
of the drop is approximately 0.5 °C and a magnitude
of the increase is approximately 1.5 °C.

3. A method according to claim 2, wherein the method
further comprises
causing an alarm to be raised on the basis of the
estimated instant for turning in for sleep and/or the
estimated instant for a wake-up.

4. A detection unit for determining a time window for
sleep of a person, wherein the detection unit com-
prises means configured to carry out the steps of a
method according any one of claims 1 to 3.

5. A system for determining a time window for sleep of
a person, wherein the system comprises
a measurement unit comprising a distal skin temper-
ature sensor and a wireless transmitter, and
a detection unit according to claim 4, configured to
receive samples of distal skin temperature from the
measurement unit.

6. A computer program product having instructions
which, when executed by a computing device or sys-
tem, cause the computing device or system to per-
form the method according to any one of claims 1 to
3.

Patentanspriiche

1. Verfahren zum Bestimmen eines Zeitfensters fir
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den Schlaf einer Person, wobei das Verfahren um-
fasst Erhalten von Stichproben einer distalen Haut-
temperatur der Person,

Erfassen eines Temperaturanderungsmusters in
den Stichproben der distalen Hauttemperatur, wobei
das Temperaturanderungsmuster verwendet wird,
um anzuzeigen, dass die nachtliche Melatoninpro-
duktion begonnen hat, wodurch ein Referenzpunkt
innerhalb des zirkadianen Rhythmus der Person be-
reitgestellt wird, und

Bestimmen des Zeitfensters fiir den Schlaf durch
Schatzung eines Zeitpunkts fiir das Einschlafen
und/oder eines Zeitpunkts fiir das Aufwachen auf
der Grundlage des angegebenen Referenzpunkis,
wobei das Temperaturdanderungsmuster in Form ei-
nes Abfalls der distalen Hauttemperatur gefolgt von
einem Anstieg der distalen Hauttemperatur vorliegt,
wobei der Abfall und der Anstieg innerhalb eines
Zeitfensters von zehn Minuten oder weniger auftre-
ten.

2. Verfahren nach Anspruch 1, wobei eine Grof3e des
Abfalls etwa 0,5 °C und eine Grofie des Anstiegs
etwa 1,5 °C betragt.

3. Verfahren nach Anspruch 2, wobei das Verfahren
ferner das Veranlassen des Ausldsens eines Alarms
auf der Basis des geschatzten Zeitpunkts des Ein-
schlafens und/oder des geschatzten Zeitpunkts des
Aufwachens umfasst.

4. Erfassungseinheit zum Bestimmen eines Zeitfens-
ters fir den Schlaf einer Person, wobei die Erfas-
sungseinheit Mittel umfasst, die so konfiguriert sind,
dass sie die Schritte eines Verfahrens nach einem
der Anspriiche 1 bis 3 ausfiihren.

5. System zur Bestimmung eines Zeitfensters fiir den
Schlafeiner Person, wobei das System umfasst eine
Messeinheit, die einen distalen Hauttemperatursen-
sor und einen drahtlosen Sender umfasst, und
eine Detektionseinheit nach Anspruch 4, die so aus-
gelegt ist, dass sie Stichproben der distalen Haut-
temperatur von der Messeinheit empfangt.

6. Computerprogrammprodukt mit Befehlen, die, wenn
sie von einem Computersystem oder -gerat ausge-
fuhrt werden, das Berechnungsgerat oder -system
veranlassen, das Verfahren nach einem der Anspri-
che 1 bis 3 auszufiihren.

Revendications

1. Procédé de détermination d’une fenétre temporelle
pour le sommeil d’'une personne, ce procédé com-
prenant la réception d’échantillons d’une tempéra-
ture cutanée distale de la personne,
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la détection d’'un modele de changement de tempé-
rature dans les échantillons de température cutanée
distale, le modéle de changement de température
étant utilisé pour indiquer qu’une production noctur-
ne de mélatonine a commencé, en fournissant ainsi
un point de référence dans le rythme circadien de la
personne, et

la détermination de la fenétre temporelle pour le
sommeil en estimant un instant d’endormissement
et/ou un instant de réveil sur la base du point de
référence indiqué,

le modele de changement de température se pré-
sentant sous la forme d’une chute de la température
cutanée distale suivie d'une augmentation de la tem-
pérature cutanée distale ou la chute et 'augmenta-
tion se produisent pendant une fenétre temporelle
de dix minutes ou moins.

Procédé selon la revendication 1, dans lequel une
amplitude de la chute est approximativement de 0,5
°C et une amplitude de 'augmentation est approxi-
mativement de 1,5 °C.

Procédé selonlarevendication 2, dans lequel le pro-
cédé comprend en outre

le fait d’amener une alarme a étre émise sur la base
de l'instant estimé d’endormissement et/ou de l'ins-
tant estimé de réveil.

Unité de détection pour la détermination d’une fené-
tre temporelle pour le sommeil d’'une personne, I'uni-
té de détection comprenant un moyen congu pour
réaliser les étapes d’'un procédé selon I'une quelcon-
que des revendications 1 a 3.

Systéme de détermination d’une fenétre temporelle
pour le sommeil d’une personne, ce systéme com-
prenant une unité de mesure comprenantun capteur
de température cutanée distale et un transmetteur
sans fil, et

une unité de détection selon la revendication 4, con-
gue pour recevoir des échantillons de température
cutanée distale de la part de I'unité de mesure.

Produit de programmation informatique comportant
des instructions qui, une fois exécutées par un dis-
positif ou systéeme de calcul, aménent le dispositif
ou systéme de calcul aréaliserle procédé selonl'une
quelconque des revendications 1 a 3.
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