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(57) ABSTRACT

Disclosed herein are a sleep management method includes
obtaining sleep data of a user, obtaining a sleep state of the
user on the basis of the sleep data, and controlling at least
one home appliance on the basis of the sleep state of the user,
and the sleep data includes signals corresponding to a heart
rate, respiration rate, and movement of the user detected by
a piezoelectric sensor.
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[Fig. 1]
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{Fig. 2]
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[Fig. 3]
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[Fig. 7]

C83

- 500

[
\



Patent Application Publication =~ Mar. 7,2019 Sheet 8 of 30 US 2019/0074988 A1

{Fig. 81
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[Fig. 91
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{Fig. 10}
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[Fig. 11]
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[Fig. 12]
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[Fig. 14]

SLEEP STATE
]

ASLEEP

=~ TIME

To

-

SLEEP MODE OPERATION COMMAND

OPERATION MODE
H

SLEEP MODE Lo e

NORMAL MODE

~ TIME



US 2019/0074988 A1

Mar. 7,2019 Sheet 15 of 30

Patent Application Publication

SNIL

i

B — YA T T e
| 4  JOVIS IONYNIINIVWN 43378+ 4 ]

JOVIS ZO;OJDZ dN—3IMVYM

[¢1 8]

I R R T

- ¥

S

— 9¢

e

\\
IOVYLS NOILONAONI 433718

y Fd1LV83dN3L

JOOANI



Patent Application Publication = Mar. 7,2019 Sheet 16 of 30  US 2019/0074988 A1

{Fig. 16]
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[Fig. 18]
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[Fig. 19]
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[Fig. 21}
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[Fig. 22]
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[Fig. 23}
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[Fig. 26]
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[Fig. 27]
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[Fig. 29])

=400

3210
‘

OBTAIN SLEEP STATE

HAS FIRST
TIME PASSED?

SLEEP MODE —.-3235




Patent Application Publication =~ Mar. 7, 2019 Sheet 30 of 30

[Fig. 30}

0
O

[
\

- 400

]

3310

OBTAIN SLEEP STATE

NORMAL MODE ~ }~-3325

STOP OPERATION  }---3335

US 2019/0074988 A1



US 2019/0074988 A1l

USER TERMINAL AND SLEEP
MANAGEMENT METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS AND CLAIM OF PRIORITY

[0001] The present application is a 371 National Stage of
International Application No. PCT/KR2016/009594 filed on
Aug. 29, 2016, which claims the benefit of Korean Patent
Application No. 10-2015-0124571 filed on Sep. 3, 2015, the
contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a user terminal
and a sleep management method, and more particularly, to
a user terminal and a sleep management method that obtains
sleep information of a user in a non-contact manner.

BACKGROUND

[0003] Generally, home network systems detect a state or
operation of a user and control operation of various elec-
tronic devices depending on the state or operation of the
user.

[0004] To this end, electronic devices of home network
systems generally include various sensors.

[0005] For example, some electronic devices may obtain a
facial image of a user using a camera, process the user’s
facial image, and estimate an emotion of the user.

[0006] Also, other electronic devices may obtain move-
ment of a user and then operate depending on the user’s
movement.

[0007] In particular, recently, research is being actively
conducted on sensor technology for detecting whether a user
is sleeping.

SUMMARY

[0008] An aspect of the present disclosure is directed to
providing a user terminal and a sleep management method
that are capable of determining a sleep state of a user.
[0009] Another aspect of the present disclosure is directed
to providing a user terminal and a sleep management method
that are capable of providing sleep information of a user.
[0010] Another aspect of the present disclosure is directed
to providing a user terminal and a sleep management method
that are capable of controlling operation of a home appliance
according to a sleep state of a user.

[0011] In accordance with one aspect of the present dis-
closure, a sleep management method includes obtaining
sleep data of a user, obtaining a sleep state of the user on the
basis of the sleep data, and controlling at least one home
appliance on the basis of the sleep state of the user, and the
sleep data includes signals corresponding to a heart rate,
respiration rate, and movement of the user detected by a
piezoelectric sensor.

[0012] The obtaining of a sleep state of the user on the
basis of the sleep data may include obtaining a first signal
corresponding to the user’s heart rate, a second signal
corresponding to the user’s respiration rate, and a third
signal corresponding to the user’s movement, from the sleep
data, and identifying the sleep state of the user on the basis
of the obtained first signal, second signal, and third signal.
[0013] The obtaining of a sleep state of the user on the
basis of the sleep data may include transmitting the sleep
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data to a sleep management server, and receiving the sleep
state of the user from the sleep management server.

[0014] The controlling of at least one home appliance on
the basis of the sleep state of the user may include providing
a graphic user interface for controlling operation of the at
least one home appliance to the user, receiving a user input
from the user through the graphic user interface, and storing
setting information for controlling the operation of the at
least one home appliance according to the user input.
[0015] The providing of a graphic user interface may
include displaying at least one of a total sleep time, a time
it takes the user to fall asleep, the number of times the user
wakes up while sleeping, sleep efficiency, a deep sleep time,
and a rapid eye movement sleep time of the user.

[0016] The providing of a graphic user interface may
include displaying a sleep environment setting screen for
setting an indoor temperature during the user’s sleep.
[0017] The controlling of at least one home appliance may
include transmitting an indoor temperature set through the
sleep environment setting screen to the home appliance and
switching an operation mode of the at least one home
appliance in response to detecting the user’s sleep.

[0018] The providing of a graphic user interface may
include displaying a sleep environment setting screen for
setting a sleep induction temperature for inducing the user’s
sleep, a sleep maintenance temperature for maintaining the
user’s sleep, and a sleep stop temperature for stopping the
user’s sleep.

[0019] The controlling of at least one home appliance may
include transmitting the sleep induction temperature, the
sleep maintenance temperature, and the sleep stop tempera-
ture set through the sleep environment setting screen to the
home appliance and switching an operation mode of the at
least one home appliance in response to detecting the user’s
sleep.

[0020] The providing of a graphic user interface may
include displaying a sleep environment setting screen for
selecting whether to turn off the at least one home appliance
while the user sleeps.

[0021] The controlling of at least one home appliance may
include transmitting an operation stop command for turning
off the at least one home appliance to the at least one home
appliance in response to detecting the user’s sleep.

[0022] In accordance with one aspect of the present dis-
closure, a user terminal includes a communicator configured
to communicate with a sleep data acquisition apparatus and
at least one home appliance, and a controller configured to,
in response to receiving sleep data from the sleep data
acquisition apparatus through the communicator, obtain a
sleep state of a user on the basis of the sleep data and
transmit a control signal based on the sleep state of the user
to the at least one home appliance through the communica-
tor, and the sleep data includes signals corresponding to a
heart rate, respiration rate, and movement of the user
detected by a piezoelectric sensor.

[0023] The controller may obtain a first signal correspond-
ing to the user’s heart rate, a second signal corresponding to
the user’s respiration rate, and a third signal corresponding
to the user’s movement from the sleep data, and identify the
sleep state of the user on the basis of the obtained first signal,
second signal, and third signal.

[0024] The controller may transmit the sleep data to a
sleep management server by using the communicator, and
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receive the sleep state of the user from the sleep manage-
ment server by using the communicator.

[0025] The user terminal may further include a display
configured to display a graphic user interface for controlling
operation of the at least one home appliance, and the
controller may receive a user input from the user through the
graphic user interface and store setting information for
controlling the operation of the at least one home appliance
according to the user input.

[0026] The graphic user interface may include a sleep
information display screen for displaying at least one of a
total sleep time, a time it takes the user to fall asleep, the
number of times the user wakes up while sleeping, sleep
efficiency, a deep sleep time, and a rapid eye movement
sleep time of the user.

[0027] The graphic user interface may include a sleep
environment setting screen for setting an indoor temperature
during the user’s sleep.

[0028] In response to detecting the user’s sleep, the con-
troller may transmit the indoor temperature set through the
sleep environment setting screen to the home appliance by
using the communicator, and switch an operation mode of
the at least one home appliance.

[0029] The graphic user interface may include a sleep
environment setting screen for setting a sleep induction
temperature for inducing the user’s sleep, a sleep mainte-
nance temperature for maintaining the uset’s sleep, and a
sleep stop temperature for stopping the user’s sleep.
[0030] In response to detecting the user’s sleep, the con-
troller may transmit the sleep induction temperature, the
sleep maintenance temperature, and the sleep stop tempera-
ture set through the sleep environment setting screen to the
home appliance, and switch an operation mode of the at least
one home appliance.

[0031] The graphic user interface includes a sleep envi-
ronment setting screen for selecting whether to turn off the
at least one home appliance while the user sleeps.

[0032] In response to detecting the user’s sleep, the con-
troller transmits an operation stop command for turning off
the at least one home appliance to the at least one home
appliance.

[0033] According to an aspect of the present disclosure, it
is possible to provide a user terminal and a sleep manage-
ment method that are capable of determining a sleep state of
a user.

[0034] According to another aspect of the present disclo-
sure, it is possible to provide a user terminal and a sleep
management method that are capable of providing sleep
information of a user to the user.

[0035] According to another aspect of the present disclo-
sure, it is possible to provide a user terminal and a sleep
management method that are capable of controlling opera-
tion of a home appliance according to a sleep state of a user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 shows an example of a configuration of a
sleep management system according to an embodiment;
[0037] FIG. 2 shows another example of a configuration of
a sleep management system according to an embodiment;
[0038] FIG. 3 shows an example of operation of a sleep
management system according to an embodiment;

[0039] FIG. 4 shows an example of a user’s sleep cycle
shown in FIG. 3;
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[0040] FIG. 5 shows a configuration of a sleep data
acquisition apparatus included in a sleep management sys-
tem according to an embodiment;

[0041] FIG. 6 shows a configuration of a user terminal
included in a sleep management system according to an
embodiment;

[0042] FIG. 7 shows an example of communication
between a sleep management system and home appliances
according to an embodiment;

[0043] FIG. 8 shows another example of communication
between a sleep management system and home appliances
according to an embodiment;

[0044] FIG. 9 shows an example of interoperation
between a sleep management system and an image display
apparatus according to an embodiment;

[0045] FIG. 10 shows operation of an image display
apparatus during the interoperation shown in FIG. 9;
[0046] FIG. 11 shows another example of interoperation
between a sleep management system and an image display
apparatus according to an embodiment;

[0047] FIG. 12 shows operation of an image display
apparatus during the interoperation shown in FIG. 11;
[0048] FIG. 13 shows an example of interoperation
between a sleep management system and an air conditioner
according to an embodiment;

[0049] FIG. 14 shows an example of operation of the air
conditioner during the interoperation shown in FIG. 13;
[0050] FIG. 15 shows an example of operation of the air
conditioner in a sleep mode;

[0051] FIG. 16 shows another example of interoperation
between a sleep management system and an air conditioner
according to an embodiment;

[0052] FIG. 17 shows operation of the air conditioner
during the interoperation shown in FIG. 16;

[0053] FIG. 18 shows an example of a sleep information
display screen displayed on a user terminal according to an
embodiment;

[0054] FIG. 19 shows an example of a home appliance
setting screen displayed on a user terminal according to an
embodiment;

[0055] FIG. 20 shows an example of an air conditioner
setting screen displayed on a user terminal according to an
embodiment;

[0056] FIG. 21 shows an example of an image display
apparatus setting screen display on a user terminal according
to an embodiment;

[0057] FIG. 22 shows an example of a sleep environment
setting screen displayed on a user terminal according to an
embodiment;

[0058] FIG. 23 shows an example of an indoor tempera-
ture setting screen displayed on a user terminal according to
an embodiment;

[0059] FIG. 24 shows a change in indcor temperature
caused by the indoor temperature setting screen shown in
FIG. 23;

[0060] FIG. 25 shows an example of communication
between a sleep management system and home appliances
according to another embodiment;

[0061] FIG. 26 shows another example of communication
between a sleep management system and home appliances
according to another embodiment;

[0062] FIG. 27 shows an example of operation of an image
display apparatus included in a sleep management system
according to another embodiment;
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[0063] FIG. 28 shows another example of operation of an
image display apparatus included in a sleep management
system according to another embodiment;

[0064] FIG. 29 shows an example of operation of an air
conditioner included in a sleep management system accord-
ing to another embodiment; and

[0065] FIG. 30 shows another example of operation of an
air conditioner included in a sleep management system
according to another embodiment.

DETAILED DESCRIPTION

[0066] The configurations shown in the embodiments and
drawings described herein are merely examples of preferred
embodiments of the present disclosure, and there may be
various modifications at the time of filing of the present
application that replace the embodiments and drawings.
[0067] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to limit the scope of the present disclosure.

[0068] Specifically, the singular forms an,” and “the”
include the plural forms as well, unless the context clearly
dictates otherwise.

[0069] Also, the terms “comprises,” “includes,” or ‘“has,”
when used herein, should be understood as specifying the
presence of stated features, integers, steps, operations, ele-
ments, components, or combinations thereof and not pre-
cluding the presence or addition of one or more other
features, integers, steps, operations, elements, components,
or combinations thereof.

[0070] Inaddition, terms including ordinals such as “first,”
“second,” and the like used in the present specification may
be used to describe various elements, but these elements are
not limited by the terms. These terms are used to only
distinguish one element from another element.

[0071] Also, terms such as “unit,” “-er,” “-or,” “block,”
“member,” “module,” and the like used in the present
specification may represent a unit which processes at least
one function or operation. For example, the terms may
represent hardware such as a field-programmable gate array
(FPGA) or an application specific integrated circuit (ASIC),
software stored in a memory, or one or more processes
processed by a processor.

[0072] Hereinafter, an embodiment of the present disclo-
sure will be described in detail with reference to the accom-
panying drawings. The same reference numeral or symbol
shown in the accompanying drawings may represent a part
or an element for performing substantially the same func-
tion.

[0073] FIG. 1 shows an example of a configuration of a
sleep management system according to an embodiment, and
FIG. 2 shows another example of a configuration of a sleep
management system according to an embodiment.

[0074] As shown in FIG. 1, a sleep management system 1
according to an embodiment may include a sleep data
acquisition apparatus 100 configured to obtain sleep-related
data SD (hereinafter referred to as sleep data) of a user, and
a user terminal 200 configured to obtain sleep-related infor-
mation (hereinafter referred to as sleep information) of the
user on the basis of the sleep data SD. In this case, the sleep
information may include sleep time information related to a
sleep time of a user U, and sleep summary information to be
displayed to the user U.

[0075] The sleep data acquisition apparatus 100 may col-
lect the sleep data SD of the user while the user is sleeping,

6, 90 e
a
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falling asleep, or waking up. Also, the sleep data acquisition
apparatus 100 may transmit the sleep data SD of the user to
the user terminal 200.

[0076] In detail, the sleep data acquisition apparatus 100
may detect a heart rate, respiration rate, and movement of
the user and generate sleep data SD corresponding to the
user’s heart rate, respiration rate, and movement. For
example, the sleep data acquisition apparatus 100 may
detect a vibration caused by the user’s heart rate, respiration
rate, and movement and generate sleep data SD correspond-
ing to the detected vibration.

[0077] Also, the sleep data acquisition apparatus 100 may
transmit pieces of sleep data SD generated every predeter-
mined time interval to the user terminal 200 in a wireless
manner.

[0078] The user terminal 200 may receive the sleep data
SD of'the user from the sleep data acquisition apparatus 100,
and may obtain a sleep state SS of the user or sleep
information SI of the user on the basis of the received sleep
data SD.

[0079] For example, the user terminal 200 may obtain the
sleep state SS of the user U. In detail, the user terminal 200
may determine whether the user U is lving on a bed B,
whether the user U is sleeping, in which sleep stage the user
U is, whether the user U wakes up briefly while sleeping,
whether the user U is falling asleep again, whether the user
U completely wakes up, whether the user U gets out of the
bed B, and the like.

[0080] Also, the user terminal 200 may obtain sleep time
information such as a time at which the user U lies on the
bed B, a time at which the user U falls asleep, a time at
which the sleep stage of the user U changes, a time at which
the user U wakes up briefly while sleeping, a time at which
the user U falls asleep again, a time at which the user U
wakes up, and a time at which the user U gets out of the bed
B on the basis of the sleep state SS of the user U.

[0081] Also, the user terminal 200 may process the sleep
time information of the user U, generate sleep summary
information, and display the sleep summary information to
the user U. For example, the user terminal 200 may display
a total sleep time, a time it takes the user to fall asleep, the
number of times the user wakes up while sleeping, sleep
efficiency, a deep sleep time, a rapid eye movement (REM)
sleep time, or the like of the user on the basis of the sleep
data SD of the user.

[0082] However, the configuration of the sleep manage-
ment system 1 is not limited to that shown in FIG. 1.
[0083] For example, as shown in FIG. 2, the sleep man-
agement system 1 may further include a sleep management
server SV in addition to the sleep data acquisition apparatus
100 and the user terminal 200.

[0084] The sleep management server SV may receive the
sleep data SD from the user terminal 200, process the
received sleep data SD, and generate the sleep state SS or the
sleep information SI of the user U. Also, the sleep manage-
ment server SV may transmit the sleep state SS or the sleep
information ST of the user U to the user terminal 200.
[0085] In other words, when the sleep data SD is obtained
from the sleep data acquisition apparatus 100, the user
terminal 200 may transmit the obtained sleep data SD to the
sleep management server SV over a wide area network
(WAN) and receive the sleep state SS or the sleep informa-
tion SI of the user U from the sleep management server SV.
Also, when the sleep state SS of the user U is received from
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the sleep management server SV, the user terminal 200 may
generate the sleep information SI of the user U on the basis
of the sleep state SS of the user U.

[0086] In particular, the sleep management server SV may
obtain sleep data of a plurality of users from a plurality of
user terminals, process the sleep data, and generate sleep
information of the plurality of users. In this case, the sleep
management server SV may manage the sleep information
of the plurality of users on a user basis.

[0087] In addition, the sleep management server SV may
manage the sleep information SI of the plurality of users on
a group basis, wherein the groups are set by the users. For
example, when the plurality of users are set as family
members, the sleep management server SV may transmit
sleep information of the family members (the plurality of
users) to user terminals of the family members so that the
family members can share the sleep information.

[0088] Operation of the sleep management system 1 will
be described in detail below with reference to the following
example.

[0089] FIG. 3 shows an example of operation of a sleep
management system according to an embodiment, and FIG.
4 shows an example of a user’s sleep cycle shown in FIG.
3.

[0090] As shown in FIG. 3, the sleep data acquisition
apparatus 100 may be placed near a user U who is lying on
a bed B. For example, as shown in FIG. 3, the sleep data
acquisition apparatus 100 may be placed under the bed B of
the user U. However, the placement of the sleep data
acquisition apparatus 100 is not limited to that shown in
FIG. 3, and the sleep data acquisition apparatus 100 may be
placed wherever a heart rate, respiration rate, and movement
of the user U can be detected.

[0091] Also, the user terminal 200 may be placed near the
sleep data acquisition apparatus 100. For example, as shown
in FIG. 3, the user terminal 200 may be placed on a table T
provided near the bed B of the user U. However, the
placement of the user terminal 200 is not limited to that
shown in FIG. 3, and the user terminal 200 may be placed
wherever the sleep data SD can be received from the sleep
data acquisition apparatus 100,

[0092] Asshownin FIG. 3, when the user U lies on the bed
B, the sleep data acquisition apparatus 100 may detect a
heart rate, respiration rate, and movement of the user U who
is lying on the bed B and transmit sleep data SD corre-
sponding to the user U’s heart rate, respiration rate, and
movement to the user terminal 200. Also, the user terminal
200 may determine a time at which the user U lies on the bed
B on the basis of the sleep data SD or by using the sleep
management server SV.

[0093] For example, the sleep data acquisition apparatus
100 can detect an amount of vibration less than a reference
value, which is caused in daily life of the user U, before the
user U lies on the bed B. However, the sleep data acquisition
apparatus 100 may interpret the amount of vibration less
than the reference value as meaningless noise and not
transmit data corresponding to the amount of vibration less
than the reference value to the user terminal 200. As a result,
the user terminal 200 may not receive sleep data from the
sleep data acquisition apparatus 100 before the user U lies on
the bed B.

[0094] On the other hand, the user terminal 200 may detect
an amount of vibration greater than or equal to the reference
value when the user U lies on the bed B. The sleep data
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acquisition apparatus 100 may transmit sleep data corre-
sponding to the amount of vibration greater than or equal to
the reference value to the user terminal 200.

[0095] When the sleep data is received from the sleep data
acquisition apparatus 100, the user terminal 200 or the sleep
management server SV may determine that the user U is
lying on the bed B and determine a start time of the reception
of the sleep data as a time at which the user U lies on the bed
B.

[0096] Also, when the user U falls asleep, the sleep data
acquisition apparatus 100 may detect a heart rate, respiration
rate, and movement of the user U who is sleeping and
transmit sleep data SD corresponding to the user U’s heart
rate, respiration rate, and movement to the user terminal 200.
Also, the user terminal 200 may determine a time at which
the user U falls asleep on the basis of the sleep data SD or
by using the sleep management server SV.

[0097] In detail, the user U may not fall asleep as soon as
the user U lies on the bed B and may not fall asleep for a
short period of several minutes or for several hours. Accord-
ingly, the time at which the user U lies on the bed B may be
different from the time at which the user falls asleep.
[0098] Also, the user U has a different heart rate, respira-
tion rate, and movement when he or she is awake than when
he or she is asleep. In detail, it is well known that a person
has a decreased heart rate and respiration rate while sleep-
ing.

[0099] Accordingly, when the sleep data is received from
the sleep data acquisition apparatus 100, the user terminal
200 or the sleep management server SV may determine
whether the user U is awake or asleep on the basis of the user
U’s heart rate, respiration rate, and movement and determine
the time at which the user falls asleep on the basis of a result
of the determination of whether the user U is awake or
asleep.

[0100] Also, while the user U is sleeping, the sleep data
acquisition apparatus 100 may detect the user U’s heart rate,
respiration rate, and movement every predetermined time
interval and transmit sleep data SD corresponding to the user
U’s heart rate, respiration rate, and movement to the user
terminal 200.

[0101] On the basis of the sleep data SD of the user U
during sleep, the user terminal 200 or the sleep management
server SV may determine a sleep stage of the user U and
determine whether the user U consciously or unconsciously
wakes up.

[0102] It is well known that a person does not suddenly
fall asleep, maintain deep sleep, and then suddenly wake up,
but that human sleep includes certain stages and cycles. For
example, as shown in FIG. 4, human sleep gradually pro-
ceeds to a deep sleep stage after falling sleep. Subsequently,
human sleep repeatedly alternates between a light sleep
stage and the deep sleep stage.

[0103] As is already well known, human sleep may be
largely divided into REM sleep and non-REM sleep, and
non-REM sleep may be divided into a total of four stages.
[0104] It is well known that REM sleep makes up about
20% to 25% of the entire sleep, and during REM sleep, a
characteristic electroencephalogram (EEG) exists, muscle
tension is reduced to the lowest level and characteristic
REM is observed.

[0105] In particular, a significant change occurs in heart
rate and respiration rate during REM sleep.
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[0106] Also, non-REM sleep may be divided into a first
stage, a second stage, a third stage, and a fourth stage, as
described above. Sleep in the third stage and the fourth stage
is typically referred to as deep sleep, and sleep in the first
stage and the second stage is typically referred to as light
sleep. Here, it is known that the deep sleep makes up about
15 10 20% of the entire sleep.

[0107] During non-REM sleep, muscle tension is reduced
and human movement is also reduced.

[0108] In particular, it is known that a heart rate and a
respiration rate during non-REM sleep are decreased further
than during waking and are relatively regular.

[0109] As described above, human sleep exhibits a char-
acteristic heart rate, respiration rate, and movement in each
of the stages. Thus, the user terminal 200 or the sleep
management server SV may determine a sleep stage of the
user U on the basis of the sleep data SD indicating the user
U’s heart rate, respiration rate, and movement during sleep.
[0110] For example, the user terminal 200 or the sleep
management server SV may determine whether the sleep of
the user U enters or exits a REM sleep stage, and may
determine and/or store a time at which the REM sleep stage
is entered and a time at which the REM sleep stage is exited.
[0111] As another example, the user terminal 200 or the
sleep management server SV may determine whether the
sleep of the user U enters or exits deep sleep stages (the third
and fourth stages) of non-REM sleep, and may determine
and/or store a time at which the deep sleep stage is entered
and a time at which the deep sleep stage is exited.

[0112] Also, it is known that a sleeping person consciously
or unconsciously wakes up. For example, as shown in FIG.
4, a person enters a waking stage during REM sleep. Also,
in the waking stage, a person may consciously or uncon-
sciously wake up, and, while waking, his or her heart rate
and respiration rate increase, and his or her movement
becomes active.

[0113] Accordingly, the user terminal 200 or the sleep
management server SV may determine whether the user U
wakes from sleep on the basis of the sleep data SD indicating
the user U’s heart rate, respiration rate, and movement
during sleep.

[0114] For example, the user terminal 200 or the sleep
management server SV may determine whether the user U
wakes from the sleep, and may determine and/or store a time
at which the user U wakes up. Also, when the user U falls
asleep again within a reference time (e.g., 30 minutes) after
waking up, the user terminal 200 or the sleep management
server SV may determine that the user U continues to sleep,
and may determine and/or store a time at which the user U
falls asleep again.

[0115] Also, when sleep is completed, the user U may
wake up and then get out of the bed B. When the user U
wakes up and gets out of the bed B, the user terminal 200 or
the sleep management server SV may determine whether the
user U wakes up and whether the user U gets out of the bed
B on the basis of the sleep data SD received from the sleep
data acquisition apparatus 100. Also, the user terminal 200
or the sleep management server SV may determine and/or
store a time at which the user U wakes up and a time at
which the user U gets out of the bed B.

[0116] As described above, the user terminal 200 or the
sleep management server SV may obtain the sleep informa-
tion SI of the user U on the basis of the sleep data SD. In
detail, the user terminal 200 or the sleep management server
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SV may obtain sleep time information such as a time at
which the user U lies on the bed B, a time at which the user
U falls asleep, a time at which the sleep stage of the user U
changes, a time at which the user U wakes up briefly while
sleeping, a time at which the user U falls asleep again, a time
at which the user U wakes up, and a time at which the user
U gets out of the bed B.

[0117] Also, the user terminal 200 or the sleep manage-
ment server SV may generate sleep summary information of
the user U on the basis of the sleep time information of the
user U. For example, the user terminal 200 or the sleep
management server SV may obtain sleep summary infor-
mation such as a total sleep time, a time it takes the user to
fall asleep, the number of times the user wakes up while
sleeping, sleep efficiency, a deep sleep time, and a REM
sleep time on the basis of the sleep time information of the
user U.

[0118] Also, the user terminal 200 may display the sleep
summary information to the user according to input of the
user.

[0119] Configurations of the sleep data acquisition appa-
ratus 100 and the user terminal 200 included in the sleep
management system 1 will be described below.

[0120] FIG. 5 shows a configuration of a sleep data
acquisition apparatus included in a sleep managemernt sys-
tem according to an embodiment.

[0121] As shown in FIG. 5, the sleep data acquisition
apparatus 100 may include a sleep sensor 120, a sensor
commuuicator 130, and a sensor controller 110.

[0122] The sleep sensor 120 may detect a heart rate, a
respiration rate, and a movement of a user who is lying on
a bed and output an electrical signal corresponding to the
detected heart rate, respiration rate, and movement of the
user to the sensor controller 110.

[0123] For example, the sleep sensor 120 may include a
piezoelectric sensor 121 configured to detect pressure
caused by the heart rate, respiration rate, and movement of
the user and output an electrical signal corresponding to the
detected pressure. The piezoelectric sensor 121 uses a piezo-
electric effect in which electric polarization occurs on a
surface of a crystal when a force is applied to the crystal. The
piezoelectric sensor 121 generates an alternating current
(AC) voltage when pressure is applied thereto, and generates
a vibration when the AC voltage is applied thereto.

[0124] In detail, when pressure is applied to the piezo-
electric sensor 121 by the heart rate, respiration rate, and
movement of the user, the piezoelectric sensor 121 may
output an electrical signal corresponding to the pressure
applied thereto.

[0125] As another example, the sleep sensor 120 may
include an acceleration sensor 123 configured to detect a
vibration caused by the heart rate, respiration rate, and
movement of the user and output an electrical signal corre-
sponding to the detected vibration.

[0126] The acceleration sensor 123 is a sensor configured
to measure a change in speed per unit time. When the
acceleration sensor 123 is moved or vibrated by the heart
rate, respiration rate, and movement of the user, the accel-
eration sensor 123 may output an electrical signal corre-
sponding to the movement or vibration.

[0127] However, the sleep sensor 120 does not have to
include both of the piezoelectric sensor 121 and the accel-
eration sensor 123. Depending on a designer’s selection, the
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sleep sensor 120 may include either the piezoelectric sensor
121 or the acceleration sensor 123.

[0128] The sensor communicator 130 may include a short-
range communication module 131 configured to transmit
and/or receive data to and/or from the user terminal 200.
[0129] The short-range communication module 131 may
communicate with a communication partner through various
communication schemes. For example, the short-range com-
munication module 131 may communicate with a commu-
nication partner through a WiFi communication scheme
(IEEE 802.11), a Bluetooth communication scheme (IEEE
802.15.1), a Zigbee communication scheme (IEEE 802.15.
4), or the like.

[0130] However, the short-range communication module
131 does not employ all of the WiFi communication scheme,
the Bluetooth communication scheme, and the Zighee com-
munication scheme, and may employ at least one of the WiFi
communication scheme, the Bluetooth communication
scheme, and the Zigbee communication scheme.

[0131] The sensor controller 110 may include a memory
113 configured to store and/or recall programs and data, and
a processor 111 configured to process the data according to
the programs stored in the memory 113 and control the sleep
sensor 120 and the sensor communicator 130.

[0132] The memory 113 may store a control program and
control data for controlling operation of the sleep data
acquisition apparatus 100, or may recall sleep data SD
obtained through the sleep sensor 120.

[0133] The memory 113 may include a volatile memory
such as a static random access memory (S-RAM) and a
dynamic RAM (D-RAM) and a non-volatile memory such
as a read-only memory (ROM), an erasable programmable
ROM (EPROM), an electrically erasable programmable
ROM (EEPROM), and a flash memory.

[0134] The volatile memory, which is a memory that loses
data recalled therein when power is cut off, may temporarily
recall programs and data. For example, the volatile memory
may recall a control program and control data or recall the
sleep data SD obtained by the sleep sensor 120.

[0135] The non-volatile memory, which is a memory that
maintains data stored therein even though power is cut off,
may semi-permanently store programs and data. For
example, the non-volatile memory may store a control
program and control data for controlling operation of the
sleep data acquisition apparatus 100.

[0136] The processor 111 may process the sleep data SD
input from the sleep sensor 120 according to the control
program and control data stored in the memory 113 and
transmit the sleep data to the user terminal 200 through the
sensor communicator 130.

[0137] For example, the processor 111 may obtain an
electrical signal output by the sleep sensor 120 every pre-
determined time interval and generate the sleep data SD by
digitalizing the obtained electrical signal. Also, the proces-
sor 111 may output the sleep data SD and a control signal to
the sensor communicator 130 so that the sensor communi-
cator 130 can transmit the sleep data SD to the user terminal
200.

[0138] As described above, the sensor controller 110 may
control operation of the sleep sensor 120 and the sensor
communicator 130 included in the sleep data acquisition
apparatus 100. An operation of the sleep data acquisition
apparatus 100, which will be described below, may be
interpreted as being controlled by the sensor controller 110.
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[0139] FIG. 6 shows a configuration of a user terminal
included in a sleep management system according to an
embodiment.

[0140] As shown in FIG. 6, the user terminal 200 may
include a user input/output unit 220, a terminal communi-
cator 230, a terminal storage 240, and a terminal controller
210.

[0141] The user input/output unit 220 may receive a user
input from a user and output information corresponding to
the user input.

[0142] For example, the user input/output unit 220 may
include a touch screen module 221 configured to receive a
touch input from a user and display information correspond-
ing to the received touch input, a button module 223
configured to receive a predetermined user input from the
user, a microphone 225 configured to receive a voice input
from the user, and a speaker 227 configured to output
sounds.

[0143] The touch screen module 221 may receive a touch
input from a user and display image information correspond-
ing to the received touch input.

[0144] In detail, the touch screen module 221 may receive
at least one touch or a continuous touch movement through
the user’s body (e.g., his or her finger) or a touchable input
means (e.g., a stylus pen).

[0145] The touch screen module 221 may convert the
touch input of the user into a digital signal corresponding to
the touch input (e.g., an x coordinate and a y coordinate) and
output the digital signal to the terminal controller 210.
[0146] The touch screen module 221 may be implemented
as a resistive-type module, a capacitive-type module, an
infrared-type module, or an acoustic-wave-type module.
[0147] The button module 223 may be provided on a front
surface, a side surface, or a rear surface of a housing of the
user terminal 200, and may include a plurality of buttons
capable of receiving a predetermined user input. The button
module 223 may include at least one of a power/lock button,
avolume button, a menu button, a home button, and a return
button.

[0148] The terminal communicator 230 may transmit and/
or receive data to and/or from the sleep data acquisition
apparatus 100 and the sleep management server SV, which
have been described above. In addition, the terminal com-
municator 230 may transmit and/or receive data to and/or
from other user terminals.

[0149] The terminal communicator 230 may include a
short-range communication module 231 configured to trans-
mit and/or receive data to and/or from a communication
partner at a location that is relatively near the communica-
tion partner, and a mobile communication module 233
configured to transmit and/or receive data to and/or from a
communication partner regardless of a distance from the
communication partner.

[0150] The short-range communication module 231 may
commuicate with a communication partner through various
communication schemes. For example, the short-range com-
munication module 231 may communicate with a commu-
nication partner through a WiFi communication scheme
(IEEE 802.11), a Bluetooth communication scheme (IEEE
802.15.1), a Zigbee communication scheme (IEEE 802.15.
4), or the like

[0151] However, the short-range communication module
231 does not employ all of the WiFi communication scheme,
the Bluetooth communication scheme, and the Zighee com-
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munication scheme, and may employ at least one of the WiFi
communication scheme, the Bluetooth communication
scheme, and the Zigbee communication scheme.

[0152] The mobile communication module 233 may com-
municate with a communication partner through various
communication schemes. For example, the mobile commu-
nication module 233 may communicate with the communi-
cation partner by using a second generation communication
scheme such as time division multiple access (TDMA) and
code division multiple access (CDMA), a third generation
communication scheme such as wideband code division
multiple access (WCDMA), code division multiple access
2000 (CDMA2000), wireless broadband (Wibro), and world
interoperability for microwave access (WiMAX), a fourth
generation communication scheme such as long term evo-
lution (LTE) and wireless broadband evolution, or the like.
[0153] Various application programs and data for perform-
ing various functions may be stored in the terminal storage
240 according to a user input received through the user
input/output unit 220. For example, an operating system
(OS) program for managing configurations and resources
(software and hardware) included in the user terminal 200,
a video playback program for playing a video and displaying
a picture, a word processor program for creating and editing
a document, a browser for accessing a WAN such as the
Internet, and the like may be stored in the terminal storage
240.

[0154] The terminal storage 240 may include a non-
volatile memory in which no program or data is lost even
when power is cut off. For example, the terminal storage 240
may include a flash memory for easily writing and erasing
data or the like.

[0155] The terminal controller 210 may include a memory
213 configured to store and/or recall programs and data, and
a processor 211 configured to process data according to the
program stored in the memory 213 and control the user
input/output unit 220, the terminal communicator 230, and
the terminal storage 240.

[0156] The memory 213 may store a control program and
control data for controlling operation of the user terminal
200, or may recall a user input received through the user
input/output unit 220, communication data received through
the terminal communicator 230, an application program
loaded from the terminal storage 240, and the like.

[0157] The memory 213 may include a volatile memory
such as an S-RAM and a D-RAM and a non-volatile
memory such as a ROM, an EPROM, an EEPROM, and a
flash memory.

[0158] The volatile memory, which is a memory that loses
data stored therein when power is cut off, may temporarily
store programs and data. The volatile memory may recall an
application program or may recall the sleep data SD
received from the sleep data acquisition apparatus 100.
[0159] The non-volatile memory, which is a memory
capable of maintaining data stored therein even though
power is cut off, may semi-permanently store programs and
data. For example, the non-volatile memory may store a
booting program and data for booting the user terminal 200
and the sleep data SD received from the sleep data acqui-
sition apparatus 100.

[0160] The processor 211 may process data according to a
program recalled in the memory 213 and control the user
input/output unit 220, the terminal communicator 230, and
the terminal storage 240 according to the processed data.
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[0161] For example, the processor 211 may process the
sleep data SD received through the terminal communicator
230 to generate sleep time information of the user. Also, the
processor 211 may process the sleep time information of the
user to generate sleep summary information of the user.
Also, the processor 211 may output the sleep summary
information of the user and a control signal to the user
input/output unit 220 so that the sleep summary information
can be displayed through the touch screen module 221.
[0162] As another example, the processor 211 may output
the sleep data SD and a control signal to the terminal
communicator 230 so that the sleep data SD can be trans-
mitted to the sleep management server SV. Also, when the
sleep information SI is received from the sleep management
server SV, the processor 211 may obtain the sleep summary
information from the sleep information SI. Also, the pro-
cessor 211 may output the sleep summary information and
a control signal to the user input/output unit 220 so that the
sleep summary information can be displayed through the
touch screen module 221.

[0163] As described above, the terminal controller 210
may control operation of the user input/output unit 220, the
terminal communicator 230, and the terminal storage 240
included in the user terminal 200.

[0164] An operation of the user terminal 200, which will
be described below, may be interpreted as being controlled
by the terminal controller 210.

[0165] In particular, the control operation of the terminal
controller 210 may be implemented as a sleep management
application program. The user may download an application
program through a WAN or a local area network (LAN).
When the user executes the sleep management application
program, the terminal controller 210 may execute a control
operation that will be described below.

[0166] Configurations and operations of the sleep data
acquisition apparatus 100 and the user terminal 200 included
in the sleep management system 1 have been described
above.

[0167] Interoperation between the sleep management sys-
tem 1 and a home appliance will be described below.
[0168] FIG. 7 shows an example of communication
between a sleep management system and home appliances
according to an embodiment, and FIG. 8 shows another
example of communication between a sleep management
system and home appliances according to an embodiment.
[0169] As shown in FIGS. 7 and 8, the sleep data acqui-
sition apparatus 100 may transmit sleep data SD obtained
from a user to the user terminal 200 in a non-contact manner.
[0170] When the sleep data SD is received, the user
terminal 200 may process the sleep data SD to determine a
sleep state SS.

[0171] Also, the user terminal 200 may transmit controls
signals CS1, CS2, and CS3 for controlling home appliances
300, 400, and 500 to the home appliances 300, 400, and 500
on the basis of the sleep state SS.

[0172] For example, the user terminal 200 may transmit a
control signal for decreasing a volume of a sound output by
an image display apparatus 300 or stopping operation of the
image display apparatus 300 to the image display apparatus
300. Also, the user terminal 200 may transmit a control
signal for changing an operation mode of an air conditioner
400 or changing a target temperature of the air conditioner
400 to the air conditioner 400. Also, the user terminal 200
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may transmit a control signal for delaying operation of a
refrigerator 500 to the refrigerator 500.

[0173] In this case, as shown in FIG. 7, the sleep data
acquisition apparatus 100 and the user terminal 200 may
communicate with each other on a one-to-one basis, and the
user terminal 200 and the home appliances 300, 400, and
500 may communicate with each other on a one-to-one
basis.

[0174] Also, as shown in FIG. 8, the sleep data acquisition
apparatus 100, the user terminal 200, and the home appli-
ances 300, 400, and 500 may form a LAN through an access
point AP.

[0175] A detailed example of the interoperation between
the sleep data acquisition apparatus 100, the user terminal
200, and the home appliances 300, 400, and 500 will be
described below.

[0176] FIG. 9 shows an example of interoperation
between a sleep management system and an image display
apparatus according to an embodiment, and FIG. 10 shows
operation of an image display apparatus during the interop-
eration shown in FIG. 9.

[0177] Interoperation 1000 between the sleep data acqui-
sition apparatus 100, the user terminal 200, and the image
display apparatus 300 will be described with reference to
FIGS. 9 and 10.

[0178] The user terminal 200 receives the sleep data SD
from the sleep data acquisition apparatus 100 (1005).
[0179] The sleep data acquisition apparatus 100 may
detect a user’s heart rate, respiration rate, and movement
every predetermined time interval and transmit sleep data
SD corresponding to the user’s heart rate, respiration rate,
and movement to the user terminal 200.

[0180] The sleep data acquisition apparatus 100 may
transmit the sleep data SD to the user terminal 200 whenever
the user’s heart rate, respiration rate, and movement are
detected or whenever a request for the sleep data SD is
received from the user terminal 200 in addition to every
predetermined time interval.

[0181] The user terminal 200 obtains a sleep state SS of
the user on the basis of the sleep data SD (1010).

[0182] Also, the user terminal 200 may directly determine
the sleep state SS of the user on the basis of the sleep data
SD or may receive the sleep state SS through the sleep
management server SV.

[0183] For example, the user terminal 200 may obtain the
user’s heart rate, respiration rate, and movement from the
sleep data SD and determine whether the user lies on a bed,
whether the user falls asleep, in which sleep stage the user
is, whether the user wakes up briefly while sleeping, whether
the user falls asleep again, whether the user completely
wakes up, whether the user gets out of bed, and the like on
the basis of the obtained heart rate, respiration rate, and
movement.

[0184] As another example, the user terminal 200 may
transmit the sleep data SD to the sleep management server
SV and may receive the sleep state SS, such as whether the
user lies on a bed, whether the user falls asleep, in which
sleep stage the user is, whether the user wakes up briefly
while sleeping, whether the user falls asleep again, whether
the user completely wakes up, and whether the user gets out
of bed, from the sleep management server SV.

[0185] The user terminal 200 determines whether the user
falls asleep on the basis of the sleep state SS of the user
(1020).
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[0186] As described above, the user terminal 200 may
obtain the sleep state SS of the user. In this case, the user
terminal 200 may determine whether the sleep state SS of
the user is changed from an awake state to an asleep state.
[0187] When the user is not asleep (no in 1020), the user
terminal 200 repeatedly receives the sleep data SD and
determines the sleep state of the user.

[0188] When the user is asleep (yes in 1020), the user
terminal 200 determines whether a first time T1 passes
(1030).

[0189] In detail, the user terminal 200 may determine
whether the first time T1 passes after the user is detected as
falling asleep (T0).

[0190] When the first time T1 does not pass (no in 1030),
the user terminal 200 waits for the first time T1 to pass.
[0191] Sleep of the user may be disturbed by an external
stimulus immediately after the user falls asleep. For
example, when a volume of a sound output by the image
display apparatus 300 changes immediately after the user
falls asleep, the user may not fall asleep but may wake up
due to the change in the sound volume.

[0192] Inorder to prevent the sleep of the user from being
disturbed by an external stimulus, the user terminal 200 may
wait for the first time T1 after the user is detected as falling
asleep (T0).

[0193] When the first time T1 passes after the user falls
asleep (yes in 1030), the user terminal 200 transmits a sound
volume decrease command to the image display apparatus
300 (1035).

[0194] When a certain time (e.g., about five minutes)
passes after the user falls asleep, the possibility of the sleep
of the user being disturbed by a small external stimulus is
low. Rather, there is a concern that the user may be inter-
rupted from entering deep sleep by sounds output by the
image display apparatus 300.

[0195] Accordingly, the user terminal 200 may transmit
the sound volume decrease command to the image display
apparatus 300 to decrease the volume of the sound output by
the image display apparatus 300.

[0196] According to the sound volume decrease command
of the user terminal 200, the image display apparatus 300
decreases the volume of the output sound (1037).

[0197] The image display apparatus 300 may decrease the
volume of the output sound to a predetermined volume level
(a value of “0” or higher) at once or step by step.

[0198] For example, as shown in FIG. 10, when the first
time T1 passes after the user is detected as falling asleep
(T0), the user terminal 200 may transmit the sound volume
decrease command to the image display apparatus 300, and
the image display apparatus 300 may decrease the volume of
the output sound.

[0199] In addition, depending on the case, the image
display apparatus 300 may decrease a brightness of an image
output by the image display apparatus 300 in addition to
decreasing the volume of the output sound.

[0200] Subsequently. the user terminal 200 determines
whether a second time T2 passes (1040).

[0201] In detail, the user terminal 200 may determine
whether the second time T2 passes after the user is detected
as falling asleep (T0).

[0202] When the second time T2 does not pass (no in
1040), the user terminal 200 waits for the second time T2 to
pass.
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[0203] The sleep of the user may be disturbed by an
external stimulus immediately after the user falls asleep. For
example, when the image display apparatus 300 is turned off
immediately after the user falls asleep, the user may not fall
asleep but may be woken up by the image display apparatus
300 being turned off.

[0204] In order to prevent the sleep of the user from being
disturbed by an external stimulus, the user terminal 200 may
wait for the second time T2 after the user is detected as
falling asleep (T0).

[0205] When the second time T2 passes after the user falls
asleep (yes in 1040), the user terminal 200 transmits an
operation stop command to the image display apparatus 300
(1045).

[0206] When a sufficient time (e.g., about 20 minutes)
passes after the user falls asleep, the possibility of the sleep
of the user being disturbed by a small external stimulus is
low. Rather, there is a concern that the user may be intet-
rupted from entering deep sleep by images and sounds
output by the image display apparatus 300.

[0207] Accordingly, the user terminal 200 may transmit
the operation stop command to the image display apparatus
300 to turn off the image display apparatus 300.

[0208] According to the operation stop command of the
user terminal 200, the image display apparatus 300 stops
operating (1047). That is, the image display apparatus 300 is
turned off.

[0209] For example, as shown in FIG. 10, when the first
time T2 passes after the user is detected as falling asleep
(T0), the user terminal 200 may transmit the operation stop
command to the image display apparatus 300, and the image
display apparatus 300 may be turned off.

[0210] FIG. 11 shows another example of interoperation
between a sleep management system and an image display
apparatus according to an embodiment, and FIG. 12 shows
operation of an image display apparatus during the interop-
eration shown in FIG. 11.

[0211] Interoperation 1100 between the sleep data acqui-
sition apparatus 100, the user terminal 200, and the image
display apparatus 300 will be described with reference to
FIGS. 11 and 12.

[0212] The user terminal 200 receives the sleep data SD
from the sleep data acquisition apparatus 100 (1105).
[0213] The sleep data acquisition apparatus 100 may
detect a user’s heart rate, respiration rate, and movement
every predetermined time interval and transmit sleep data
SD corresponding to the user’s heart rate, respiration rate,
and movement to the user terminal 200.

[0214] The user terminal 200 obtains a sleep state SS of
the user on the basis of the sleep data SD (1110).

[0215] Also, the user terminal 200 may directly determine
the sleep state SS of the user on the basis of the sleep data
SD, or may receive the sleep state SS through the sleep
management server SV. In detail, the user terminal 200 may
obtain a sleep state, such as whether the user lies on a bed,
whether the user falls asleep, in which sleep stage the user
is, whether the user wakes up briefly while sleeping, whether
the user falls asleep again, whether the user completely
wakes up, and whether the user gets out of bed, on the basis
of the sleep data SD.

[0216] The user terminal 200 determines whether the user
wakes on the basis of the sleep state SS of the user (1120).
[0217] As described above, the user terminal 200 may
obtain the sleep state SS of the user on the basis of the sleep
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data SD of the user. In this case, the user terminal 200 may
determine whether the sleep state SS of the user is changed
from the asleep state to the awake state.

[0218] Also, the user terminal 200 may determine whether
the user wakes on the basis of a wake-up time preset by the
user in conjunction with the sleep state SS of the user.
[0219] For example, when it is determined that the sleep
state SS of the user is the awake state after the wake-up time
preset by the user, the user terminal 200 may determine that
the user is awake.

[0220] Also, when it is determined that the sleep state SS
of the user is the awake state before the wake-up time preset
by the user, the user terminal 200 determines whether the
sleep state SS of the user is maintained as the awake state for
a predetermined reference time or longer. When the sleep
state SS of the user is maintained as the awake state for the
predetermined reference time or longer, the user terminal
200 may determine that the user is awake. This is to provide
a sufficient sleep time to the user before the wake-up time
preset by the user.

[0221] When the user is not awake (no in 1120), the user
terminal 200 repeatedly receives the sleep data SD and
determines the sleep state of the user.

[0222] When the user is awake (yes in 1120), the user
terminal 200 transmits an operation start command to the
image display apparatus 300 (1125).

[0223] When the user wakes, an external stimulus may
facilitate the waking of the user. Accordingly, the user
terminal 200 may transmit the operation start command to
the image display apparatus 300 to turn on the image display
apparatus 300.

[0224] According to the operation start command of the
user terminal 200, the image display apparatus 300 starts to
operate (1127). That is, the image display apparatus 300 is
turned on.

[0225] For example, as shown in FIG. 12, when the user
wakes up, the user terminal 200 transmits the operation start
command to the image display apparatus 300 and turns on
the image display apparatus 300.

[0226] As described above, the user terminal 200 may
determine the sleep state of the user or receive the sleep state
of the user, and may control operation of the image display
apparatus 300 according to the sleep state of the user.
[0227] FIG. 13 shows an example of interoperation
between a sleep management system and an air conditioner
according to an embodiment, and FIG. 14 shows an example
of operation of the air conditioner during the interoperation
shown in FIG. 13. Also, FIG. 15 shows an example of
operation of the air conditioner in a sleep mode.

[0228] Interoperation 1200 between the sleep data acqui-
sition apparatus 100, the user terminal 200, and the air
conditioner 400 will be described with reference to FIGS.
13, 14, and 15.

[0229] The user terminal 200 receives the sleep data SD
from the sleep data acquisition apparatus 100 (1205).
[0230] The sleep data acquisition apparatus 100 may
detect a user’s heart rate, respiration rate, and movement
every predetermined time interval and transmit sleep data
SD corresponding to the user’s heart rate, respiration rate,
and movement to the user terminal 200.

[0231] The user terminal 200 obtains a sleep state SS of
the user on the basis of the sleep data SD (1210).

[0232] Also, the user terminal 200 may directly determine
the sleep state SS of the user on the basis of the sleep data
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SD, or may receive the sleep state SS through the sleep
management server SV. In detail, the user terminal 200 may
obtain a sleep state, such as whether the user lies on a bed,
whether the user falls asleep, in which sleep stage the user
is, whether the user wakes up briefly while sleeping, whether
the user falls asleep again, whether the user completely
wakes up, and whether the user gets out of bed, on the basis
of the sleep data SD.

[0233] The user terminal 200 determines whether the user
falls asleep on the basis of the sleep state SS of the user
(1220).

[0234] As described above, the user terminal 200 may
obtain the sleep state SS of the user on the basis of the sleep
data SD of the user. In this case, the user terminal 200 may
determine whether the sleep state SS of the user is changed
from the awake state to the asleep state.

[0235] When the user is not asleep (no in 1220), the user
terminal 200 repeatedly receives the sleep data SD and
determines the sleep state of the user.

[0236] When the user is asleep (yes in 1220), the user
terminal 200 determines whether a first time T1 passes
(1230).

[0237] When the first time T1 does not pass (no in 1230),
the user terminal 200 waits for the first time T1 to pass.
[0238] Sleep of the user may be disturbed by an external
stimulus immediately after the user falls asleep. For
example, when the air conditioner 400 operates immediately
after the user falls asleep, the user may not fall asleep but
may wake due to the sudden operation of the air conditioner
400.

[0239] In order to prevent the sleep of the user from being
disturbed by an external stimulus, the user terminal 200 may
wait for the first time T1 after the user is detected as falling
asleep (TO).

[0240] When the first time T1 passes after the user falls
asleep (yes in 1230), the user terminal 200 transmits a sleep
mode operation command to the air conditioner 400 (1235).
[0241] Properly adjusting an indoor temperature during
sleep helps people sleep well. In order to properly adjust an
indoor temperature while the user sleeps, the user terminal
200 may control the air conditioner 400. In detail, the user
terminal 200 may control the air conditioner 400 so that the
air conditioner 400 operates in a predetermined sleep mode.
The sleep mode of the air conditioner 400 will be described
in detail below.

[0242] According to the sleep mode operation command
of the user terminal 200, the air conditioner 400 operates in
the sleep mode (1237).

[0243] For example, as shown in FIG. 14, when the first
time T1 passes after the user is detected as falling asleep
(T0), the user terminal 200 may transmit the sleep mode
operation command to the air conditioner 400, and the air
conditioner 400 may operate in the sleep mode.

[0244] Here, the sleep mode is an operation mode of the
air conditioner 400 in which an indoor temperature is
properly adjusted while the user sleeps.

[0245] In particular, a target temperature of the air condi-
tioner 400 may change according to a predetermined profile
in the sleep mode, and the sleep mode may be divided into
a plurality of stages according to a profile of the target
temperature.

[0246] For example, as shown in FIG. 15, the sleep mode
may include a sleep induction stage in which sleep of the
user is induced, a sleep maintenance step in which the sleep
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of the user is maintained, and a wake-up inducing stage in
which waking of the user is induced.

[0247] Tt is well known that people can easily fall asleep
when an indoor temperature is low. Accordingly, in order to
induce sleep of the user, the air conditioner 400 may quickly
lower the indoor temperature to a predetermined sleep
induction temperature in the sleep induction stage.

[0248] When the indoor temperature is too low during
sleep, there is a concern that sleep of a person may be
disturbed or the person may get a disease such as a cold.
Accordingly, in order to maintain comfortable sleep of the
user in a sleep maintenance stage, the air conditioner 400
may slowly increase the indoor temperature and maintain
the indoor temperature at a predetermined sleep mainte-
nance temperature when the indoor temperature reaches the
sleep maintenance temperature. Also, in order to prevent the
user from waking up briefly during sleep in the sleep
maintenance stage, the air conditioner 400 may temporarily
lower the indoor temperature.

[0249] When the wake-up time preset by the user is
reached, the air conditioner 400 may increase the indoor
temperature to a sleep stop temperature to induce waking of
the user.

[0250] In this case, the sleep induction temperature, the
sleep maintenance temperature, and the sleep stop tempera-
ture may be set by the user through the user terminal 200.
[0251] Like this, the air conditioner 400 may properly
adjust the indoor temperature at the wake-up time preset by
the user for comfortable sleep of the user.

[0252] In this case, the wake-up time may be set through
the user terminal 200, and when the user falls asleep, the
user terminal 200 may transmit the wake-up time preset by
the user to the air conditioner 400 together with the sleep
mode operation command.

[0253] FIG. 16 shows another example of interoperation
between a sleep management system and an air conditioner
according to an embodiment, and FIG. 17 shows operation
of the air conditioner during the interoperation shown in
FIG. 16.

[0254] Interoperation 1300 between the sleep data acqui-
sition apparatus 100, the user terminal 200, and the air
conditioner 400 will be described with reference to FIGS. 16
and 17.

[0255] The user terminal 200 receives the sleep data SD
from the sleep data acquisition apparatus 100 (1305).
[0256] The sleep data acquisition apparatus 100 may
detect a user’s heart rate, respiration rate, and movement
every predetermined time interval and transmit sleep data
SD corresponding to the user’s heart rate, respiration rate,
and movement to the user terminal 200.

[0257] The user terminal 200 obtains a sleep state SS of
the user on the basis of the sleep data SD (1310).

[0258] Also, the user terminal 200 may directly determine
the sleep state SS of the user on the basis of the sleep data
SD, or may receive the sleep state SS through the sleep
management server SV. In detail, the user terminal 200 may
obtain a sleep state, such as whether the user lies on a bed,
whether the user falls asleep, in which sleep stage the user
is, whether the user wakes up briefly while sleeping, whether
the user falls asleep again, whether the user completely
wakes up, and whether the user gets out of bed, on the basis
of the sleep data SD.

[0259] The user terminal 200 determines whether the user
wakes on the basis of the sleep state SS of the user (1320).
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[0260] In this case, the user terminal 200 may determine
whether the user wakes on the basis of a wake-up time preset
by the user in conjunction with the sleep state SS of the user.
[0261] For example, when it is determined that the sleep
state SS of the user is the awake state after the wake-up time
preset by the user, the user terminal 200 may determine that
the user is awake.

[0262] Also, when it is determined that the sleep state SS
of the user is the awake state before the wake-up time preset
by the user, the user terminal 200 determines whether the
sleep state SS of the user is maintained as the awake state for
a predetermined reference time or longer. When the sleep
state SS of the user is maintained as the awake state for the
predetermined reference time or longer, the user terminal
200 may determine that the user is awake. This is to provide
a sufficient sleep time to the user before the wake-up time
preset by the user.

[0263] When the user is not awake (no in 1320), the user
terminal 200 repeatedly receives the sleep data SD and
determines the sleep state of the user.

[0264] When the user is awake (yes in 1320), the user
terminal 200 transmits a normal mode operation command
to the air conditioner 400 (1325).

[0265] When the user wakes, it is necessary to switch the
operation mode of the air conditioner 400 from a sleep mode
to a normal mode to provide a comfortable indoor tempera-
ture to the user who is awake. Accordingly, the user terminal
200 may transmit the normal mode operation command to
the air conditioner 400 so that the operation mode of the air
conditioner 400 is changed to the normal mode.

[0266] According to the normal mode operation command
of the user terminal 200, the air conditioner 400 changes the
operation mode from the sleep mode to the normal mode
(1327).

[0267] For example, as shown in FIG. 17, when the user
wakes, the user terminal 200 transmits the normal mode
operation command to the air conditioner 400, and the air
conditioner 400 operates in the normal mode.

[0268] Subsequently, the user terminal 200 determines
whether the user gets out of bed (1330).

[0269] In detail, the user terminal 200 may receive the
sleep data SD from the sleep data acquisition apparatus 100
and obtain the sleep state SS of the user on the basis of the
received sleep data SD.

[0270] Also, the user terminal 200 may determine whether
the user gets out of bed on the basis of the sleep state SS of
the user.

[0271] When the user gets out of bed (yes in 1330), the
user terminal 200 transmits an operation stop command to
the air conditioner 400 (1335).

[0272] When the user gets out of bed, the user terminal
200 may determine that the user no longer wants to continue
sleeping, and thus may stop the operation of the air condi-
tioner 400.

[0273] Accordingly, the user terminal 200 may transmit
the operation stop command to the air conditioner 400 to
turn off the air conditioner 400.

[0274] According to the operation stop command of the
user terminal 200, the air conditioner 400 stops operating
(1337). That is, the air conditioner 400 is turned off.
[0275] For example, as shown in FIG. 17, when the user
wakes up, the user terminal 200 transmits the operation stop
command to the air conditioner 400, and the air conditioner
400 is turned off.
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[0276] As described above, the user terminal 200 may
determine the sleep state of the user or receive the sleep state
of the user, and may control operation of the air conditioner
400 according to the sleep state of the user.

[0277] As described above, the user terminal 200 may
display the sleep information SI (more particularly, sleep
summary information) of the user according to a user input,
and may preset operation of the home appliances 300, 400,
and 500 to be performed during sleep.

[0278] Also, the user terminal 200 may display a graphic
user interface for displaying the sleep information SI of the
user and presetting the operation of the home appliances
300, 400, and 500.

[0279] The graphic user interface displayed on the user
terminal 200 will be described below.

[0280] FIG. 18 shows an example of a sleep information
display screen displayed on a user terminal according to an
embodiment.

[0281] A sleep information display screen 2001 shown in
FIG. 18 may be displayed on the user terminal 200 accord-
ing to a user input.

[0282] A plurality of menus 2100, 2200, 2300, and 2400
for selecting information displayed on the user terminal 200
may be displayed at one side of the sleep information display
screen 2001.

[0283] In detail, the plurality of menus 2100, 2200, 2300,
and 2400 include a sleep summary menu 2100 for displaying
sleep summary information, a daily sleep summary menu
2200 for displaying sleep summary information associated
with the current date, a monthly sleep summary menu 2300
for displaying sleep summary information associated with a
month of the current date, and a home appliance menu 2400
for setting operation of a home appliance. When the user
touches one of the menus 2100, 2200, 2300, and 2400, a
screen corresponding to the touched menu may be dis-
played.

[0284] Also, the sleep summary information 2120 may be
displayed at the one side of the sleep information display
screen 2001.

[0285] The sleep summary information 2120 is generated
by processing some of the sleep information so that the user
can check his or her sleep quality. For example, the sleep
summary information 2120 may include a total sleep time,
a time it takes the user to fall asleep, the number of times the
user wakes-up while sleeping, sleep efficiency, a deep sleep
time, an REM sleep time, or the like of the user.

[0286] Also, a sleep score 2110 may be displayed at the
one side of the sleep information display screen 2001.
[0287] The sleep score 2110 represents the sleep summary
information 2120 in numetical form. In detail, in order to
calculate the sleep score 2110, the user terminal 200 may
represent items included in the sleep summary information
2120 in numerical form as numbers, weight the numbers,
and then sum the weighted numbers.

[0288] The user may quantitatively confirm his or her
sleep quality through the sleep score 2110.

[0289] Also, an alarm time setting menu 2500 for setting
a wake-up time and a sleep environment setting menu 2600
for generally setting a sleep environment may be displayed
at the one side of the sleep information display screen 2001.
[0290] FIG. 19 shows an example of a home appliance
setting screen displayed on a user terminal according to an
embodiment. Also, FIG. 20 shows an example of an air
conditioner setting screen displayed on a user terminal
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according to an embodiment, and FIG. 21 shows an example
of an image display apparatus setting screen display on a
user terminal according to an embodiment.

[0291] When a user touches the home appliance setting
menu 2400 (see FIG. 18) displayed in the sleep information
display screen 2001 (see FIG. 18), the user terminal 200 may
display a home appliance setting screen 2401 shown in FIG.
19.

[0292] An air conditioner setting menu 2410 for setting
operation of an air conditioner, an image display apparatus
setting menu 2420 for setting operation of an image display
apparatus, and a thermostat setting menu 2430 for setting
operation of a thermostat may be displayed at one side of the
home appliance setting screen 2401.

[0293] When a user touches the air conditioner setting
menu 2410, the user terminal 200 may display an air
conditioner setting screen 2411 shown in FIG. 20.

[0294] The user may set an indoor temperature and an air
volume to be applied during sleep through the air condi-
tioner setting screen 2411.

[0295] In detail, the air conditioner setting screen 2411
may include a temperature setting region 2413 for setting an
indoor temperature during sleep of the user, an air volume
setting region 2415 for setting an air volume during the
user’s sleep, and a storage command region 2417 for storing
the set indoor temperature and the set air volume.

[0296] A target indoor temperature set by the user is
displayed in the temperature setting region 2413, and the
user terminal 200 may raise or lower the target indoor
temperature according to a touch input of the user that is
input through the temperature setting region 2413.

[0297] Also, an air volume set by the user is displayed in
the air volume setting region 2415, and the user terminal 200
may raise or lower the air volume according to a touch input
of the user that is input through the air volume setting region
2415.

[0298] Also, the user terminal 200 may store the indoor
temperature and the air volume that are set by the user
according to a touch input of the user that is input through
the storage command region 2417.

[0299] The indoor temperature and the air volume that are
set by the user may be transmitted to the air conditioner in
the sleep state SS of the user.

[0300] For example, when the user falls asleep, the user
terminal 200 may transmit the indoor temperature and the air
volume that are set by the user to the air conditioner, and the
air conditioner may operate according to the received indoor
temperature and air volume.

[0301] When the user touches the image display apparatus
setting menu 2420, the user terminal 200 may display an
image display apparatus setting screen 2421 shown in FIG.
21.

[0302] Through the image display apparatus setting screen
2421, the user may set operation of the image display
apparatus to be performed during sleep.

[0303] In detail, a turn-off setting menu 2425 for turning
off the image display apparatus while the user sleeps and a
turn-off cancellation menu 2423 for preventing the image
display apparatus from being turned off while the user sleeps
may be displayed in the image display apparatus setting
screen 2421, and the user may select one of the turn-off
setting menu 2425 and the turn-off cancellation menu 2423.
[0304] When the tumn-off setting menu 2425 is selected,
the user terminal 200 may transmit an operation stop com-
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mand for turning off the image display apparatus to the
image display apparatus while the user sleeps.

[0305] Also, when the turn-off cancellation menu 2423 is
selected, the user terminal 200 may not transmit the opera-
tion stop command to the image display apparatus even
though the user is sleeping.

[0306] As described above, the user may individually set
operation of a home appliance through a graphic user
interface displayed on the user terminal 200.

[0307] Inaddition, the user may collectively set operations
of a plurality of home appliances through the graphic user
interface displayed on the user terminal 200.

[0308] FIG. 22 shows an example of a sleep environment
setting screen displayed on a user terminal according to an
embodiment, and FIG. 23 shows an example of an indoor
temperature setting screen displayed on a user terminal
according to an embodiment. Also, FIG. 24 shows a change
in indoor temperature caused by the indoor temperature
setting screen shown in FIG. 23.

[0309] When a user touches the sleep environment setting
menu 2600 (see FIG. 18) displayed in the sleep information
display screen 2001 (see FIG. 18), the user terminal 200 may
display a sleep environment setting screen 2601 shown in
FIG. 22.

[0310] Animage display apparatus setting region 2610 for
setting operation of an image display apparatus during sleep
of the user, an air conditioner setting region 2620 for setting
operation of an air conditioner during the user’s sleep, and
a thermostat setting region 2630 for setting operation of a
thermostat during the user’s sleep may be displayed in the
sleep environment setting screen 2601.

[0311] A turn-off setting menu 2613 for turning off the
image display apparatus while the user sleeps and a turn-off
cancellation menu 2611 for preventing the image display
apparatus from being turned off while the user sleeps may be
displayed in the image display apparatus setting region
2610, and the user may select one of the turn-off setting
menu 2613 and the tumn-off cancellation menu 2611.
[0312] When the turn-off setting menu 2613 is selected,
the user terminal 200 may transmit an operation stop com-
mand for turning off the image display apparatus to the
image display apparatus while the user sleeps. Also, when
the turn-off cancellation menu 2611 is selected, the user
terminal 200 may not transmit the operation stop command
to the image display apparatus even though the user is
sleeping.

[0313] Also, a sleep mode cancellation menu 2621 for
canceling sleep mode operation of the air conditioner while
the user sleeps, an automatic sleep mode menu 2623 for
enabling the air conditioner to operate in a predetermined
sleep mode while the user sleeps, and a user sleep mode
menu 2625 for enabling the air conditioner to operate in a
sleep mode set by the user while the user sleeps may be
displayed in the air conditioner setting region 2620. Also,
the user may select any one of the sleep mode cancellation
menu 2621, the automatic sleep mode menu 2623, and the
user sleep mode menu 2625.

[0314] When the sleep mode cancellation menu 2621 is
selected, the user terminal 200 does not control operation of
the air conditioner even though the user’s sleep is detected.
In other words, the air conditioner continues operating even
though the user falls asleep.

[0315] When the automatic sleep mode menu 2623 is
selected, the user terminal 200 may transmit a sleep mode
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operation command to the air conditioner in response to the
user falling asleep. Also, the air conditioner may opetate in
the sleep mode according to the sleep mode operation
command of the user terminal 200. In this case, the air
conditioner may operate in the sleep mode according to a
predetermined sleep induction temperature, sleep mainte-
nance temperature, and sleep stop temperature.

[0316] When the user sleep mode menu 2625 is selected,
the user terminal 200 may display a sleep temperature
setting screen 2640 for setting the sleep induction tempera-
ture, the sleep maintenance temperature, and the sleep stop
temperature for the sleep mode, as shown in FIG. 23.
[0317] The sleep temperature setting screen 2640 may
include a sleep induction setting region 2641 for setting an
indoor temperature (the sleep induction temperature) and an
air volume (a sleep induction air volume) in the sleep
induction stage of the sleep mode, a sleep maintenance
setting region 2643 for setting an indoor temperature (the
sleep maintenance temperature) and an air volume (a sleep
maintenance air volume) in the sleep maintenance stage of
the sleep mode, and a sleep stop setting region 2645 for
setting an indoor temperature (the sleep stop temperature)
and an air volume (a sleep stop air volume) in a sleep stop
stage of the sleep mode.

[0318] The sleep induction sefting region 2641 may
include an induction temperature setting region 2641a for
setting an indoor temperature in the sleep induction stage,
and an induction air volume setting region 26415 for setting
an air volume in the sleep induction stage.

[0319] The sleep induction temperature set by the user
may be displayed in the induction temperature setting region
2641a, and the user terminal 200 may raise or lower the
sleep induction temperature according to a touch input of the
user that is input through the induction temperature setting
region 2641a. Also, an air volume set by the user is
displayed in the induction air volume setting region 264154,
and the user terminal 200 may raise or lower the sleep
induction air volume according to a touch input of the user
that is input through the induction air volume setting region
26415.

[0320] The sleep maintenance setting region 2643 may
include a maintenance temperature setting region 2643a for
setting an indoor temperature in the sleep maintenance
stage, and a maintenance air volume setting region 26435 for
setting an air volume in the sleep maintenance stage.
[0321] The sleep maintenance temperature set by the user
may be displayed in the maintenance temperature setting
region 26434, and the user terminal 200 may raise or lower
the sleep maintenance temperature according to a touch
input of the user that is input through the maintenance
temperature setting region 2643a. Also, an air volume set by
the user is displayed in the maintenance air volume setting
region 26435, and the user terminal 200 may raise or lower
the sleep maintenance air volume according to a touch input
of the user that is input through the maintenance air volume
setting region 2643b.

[0322] The sleep stop setting region 2645 may include a
stop temperature setting region 2645« for setting an indoor
temperature in the sleep stop stage, and a stop air volume
setting region 26455 for setting an air volume in the sleep
stop stage.

[0323] The sleep stop temperature set by the user is
displayed in the stop temperature setting region 2645a, and
the user terminal 200 may raise or lower the sleep stop
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temperature according to a touch input of the user that is
input through the stop temperature setting region 2645a.
Also, an air volume set by the user is displayed in the stop
air volume setting region 26455, and the user terminal 200
may raise or lower the sleep stop air volume according to a
touch input of the user that is input through the stop air
volume setting region 26455.

[0324] For example, as shown in F1G. 23, the user may set
the sleep induction temperature, the sleep maintenance tem-
perature, and the sleep stop temperature to be 23° C., 25°C,,
and 24° C., respectively.

[0325] As a result, the indoor temperature may change
while the user sleeps, as shown in FIG. 24. In detail, the
indoor temperature may be maintained at 23° C., which is set
by the user, in the sleep induction stage, and the indoor
temperature may be slowly increased and maintained at 25°
C., which is set by the user, in the sleep maintenance stage.
Also, the indoor temperature may be 24° C., which is set by
the user, in the sleep stop stage.

[0326] As described above, the user terminal 200 may
receive a user input for setting operation of the home
appliances 300, 400, and 500 from the user, and may control
the operation of the home appliances 300, 400, and 500
according to the user input.

[0327] The sleep management system 1 including the
sleep data acquisition apparatus 100 and the user terminal
200 according to an embodiment has been described above.
[0328] A sleep management system according to another
embodiment will be described below.

[0329] FIG. 25 shows an example of communication
between a sleep management system and home appliances
according to another embodiment, and FIG. 26 shows
another example of communication between a sleep man-
agement system and home appliances according to another
embodiment.

[0330] As shown in FIGS. 25 and 26, a sleep management
system 2 according to another embodiment may include a
sleep data acquisition apparatus 100 and at least one home
appliance 300, 400, or 500.

[0331] The sleep data acquisition apparatus 100 may col-
lect sleep data SD of a user while the user is sleeping, falling
asleep, or waking up, as described above. Also, the sleep
data acquisition apparatus 100 may transmit the sleep data
SD of the user to the at least one home appliance 300, 400,
or 500.

[0332] In detail, the at least one home appliance 300, 400,
or 500 may receive the sleep data SD of the user from the
sleep data acquisition apparatus 100 and may obtain a sleep
state SS of the user on the basis of the received sleep data
SD.

[0333] For example, the at least one home appliance 300,
400, or 500 may obtain a sleep state SS of a user U. In detail,
the user terminal 200 may determine whether the user U is
lying on a bed B, whether the user U falls asleep, in which
sleep stage the user U is, whether the user U wakes up briefly
while sleeping, whether the user U falls asleep again,
whether the user U completely wakes up, whether the user
U gets out of the bed B, and the like.

[0334] Also, the at least one home appliance 300, 400, or
500 may perform a predetermined operation according to the
sleep state SS of the user.

[0335] However, the configuration of the sleep manage-
ment system 2 is not limited to that shown in FIG. 25.
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[0336] For example, as shown in FIG. 26, the sleep
management system 2 may further include a sleep manage-
ment server SV in addition to the sleep data acquisition
apparatus 100 and the at least one home appliance 300, 400,
or 500.

[0337] In detail, the sleep data acquisition apparatus 100
and the at least one home appliance 300, 400, or 500 may
form a LAN through an access point AP. Also, the access
point AP may be connected to the sleep management server
SV via a WAN.

[0338] The sleep management server SV may receive the
sleep data SD from the sleep data acquisition apparatus 100,
process the received sleep data SD, and generate the sleep
state SS or sleep information SI of the user U. Also, the sleep
management server SV may transmit the sleep state SS or
the sleep information SI of the user U to the at least one
home appliance 300, 400, or 500.

[0339] In other words, when the sleep data SD is obtained,
the sleep data acquisition apparatus 100 may transmit the
obtained sleep data SD to the sleep management server SV,
and the at least one home appliance 300, 400, or 500 may
receive the sleep state SS or the sleep information SI of the
user U from the sleep management server SV.

[0340] In particular, the sleep management server SV may
obtain sleep data of a plurality of users from a plurality of
sleep data acquisition apparatuses, process the sleep data,
and generate sleep information of the plurality of users. In
this case, the sleep management server SV may manage the
sleep information of the plurality of users on a user basis.
[0341] In addition, the sleep management server SV may
manage the sleep information SI of the plurality of users on
a group basis, wherein the groups are set by the users. For
example, when the plurality of users are set as family
members, the sleep management server SV may transmit
sleep information of the family members (the plurality of
users) to user terminals of the family members so that the
family members can share the sleep information.

[0342] A detailed example of interoperation between the
sleep data acquisition apparatus 100 and the home appli-
ances 300, 400, and 500 will be described below.

[0343] FIG. 27 shows an example of operation of an image
display apparatus included in a sleep management system
according to another embodiment.

[0344] Operation 3000 of an image display apparatus 300
will be described with reference to FIG. 27.

[0345] The image display apparatus 300 obtains a sleep
state SS of a user (3010).

[0346] The sleep data acquisition apparatus 100 may
detect a heart rate, respiration rate, and movement of the user
every predetermined time interval and transmit sleep data
SD corresponding to the user’s heart rate, respiration rate,
and movement to the image display apparatus 300 or the
sleep management server SV.

[0347] In this case, the image display apparatus 300 may
directly determine the sleep state SS, or may obtain the sleep
state SS from the sleep management server SV.

[0348] When the sleep data acquisition apparatus 100
transmits the sleep data SD to the image display apparatus
300, the image display apparatus 300 may obtain the user’s
heart rate, respiration rate, and movement from the sleep
data SD and determine whether the user lies on a bed,
whether the user falls asleep, in which sleep stage the user
is, whether the user wakes up briefly while sleeping, whether
the user falls asleep again, whether the user completely
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wakes up, whether the user gets out of the bed, and the like
on the basis of the obtained heart rate, respiration rate, and
movement.

[0349] When the sleep data acquisition apparatus 100
transmits the sleep data SD to the sleep management server
SV, the image display apparatus 300 may receive a sleep
state SS, such as whether the user lies on a bed, whether the
user falls asleep, in which sleep stage the user is, whether the
user wakes up briefly while sleeping, whether the user falls
asleep again, whether the user completely wakes up,
whether the user gets out of the bed, and the like from the
sleep management server SV.

[0350] The image display apparatus 300 determines
whether the user falls asleep on the basis of the sleep state
SS of the user (3020).

[0351] As described above, the image display apparatus
300 may obtain the sleep state SS of the user. In this case,
the image display apparatus 300 may determine whether the
sleep state SS of the user is changed from an awake state to
an asleep state.

[0352] When the user does not fall asleep (no in 3020), the
image display apparatus 300 repeatedly determines the sleep
state SS of the user.

[0353] When the user falls asleep (yes in 3020), the image
display apparatus 300 determines whether a first time passes
(3030).

[0354] In detail, the image display apparatus 300 may
determine whether the first time passes after the user is
detected as falling asleep.

[0355] When the first time does not pass (no in 3030), the
image display apparatus 300 waits for the first time to pass.
[0356] Sleep of the user may be disturbed by an external
stimulus immediately after the user falls asleep. For
example, when a volume of a sound output by the image
display apparatus 300 changes immediately after the user
falls asleep, the user may not fall asleep but may wake due
to the change in the sound volume.

[0357] Inorder to prevent the sleep of the user from being
disturbed by an external stimulus, the image display appa-
ratus 300 may wait for the first time after the user is detected
as falling asleep.

[0358] When the first time passes after the user falls asleep
(yes in 3030), the image display apparatus 300 lowers the
volume (3035).

[0359] When a certain time (e.g., about five minutes)
passes after the user falls asleep, the possibility of the sleep
of the user being disturbed by a small external stimulus is
low. Rather, there is a concern that the user may be inter-
rupted from enteting deep sleep by sounds output by the
image display apparatus 300.

[0360] Accordingly, the image display apparatus 300 may
decrease the volume of the output sound to a predetermined
volume level (a value of “0” or higher) at once or step by
step.

[0361] In addition, depending on the case, the image
display apparatus 300 may decrease a brightness of an image
output by the image display apparatus 300 as well as
decreasing the volume of the output sound.

[0362] Subsequently, the image display apparatus 300
determines whether a second time passes (3040).

[0363] In detail, the image display apparatus 300 may
determine whether the second time passes after the user is
detected as falling asleep.
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[0364] When the second time does not pass (no in 3040),
the image display apparatus 300 waits for the second time to
pass.

[0365] The sleep of the user may be disturbed by an

external stimulus immediately after the user falls asleep. For
example, when the image display apparatus 300 is turned off
immediately after the user falls asleep, the user may not fall
asleep but may wake due to the image display apparatus 300
being turned off.

[0366] In order to prevent the sleep of the user from being
disturbed by an external stimulus, the image display appa-
ratus 300 may wait for the second time after the user is
detected as falling asleep.

[0367] When the second time passes after the user falls
asleep (ves in 3040), the image display apparatus 300 stops
operating (3045). That is, the image display apparatus 300 is
turned off.

[0368] When a sufficient time (e.g., about 20 minutes)
passes after the user falls asleep, the possibility of the sleep
of the user being disturbed by a small external stimulus is
low. Rather, there is a concern that the user may be inter-
rupted from entering deep sleep by images and sounds
output by the image display apparatus 300. Accordingly, the
image display apparatus 300 is turned off.

[0369] FIG. 28 shows another example of operation of an
image display apparatus included in a sleep management
system according to another embodiment.

[0370] Operation 3100 of the image display apparatus 300
will be described with reference to FIG. 28.

[0371] The image display apparatus 300 obtains a sleep
state SS of a user (3110).

[0372] The sleep data acquisition apparatus 100 may
detect a heart rate, respiration rate, and movement of the user
every predetermined time interval and transmit sleep data
SD corresponding to the user’s heart rate, respiration rate,
and movement to the image display apparatus 300 or the
sleep management server SV.

[0373] In this case, the image display apparatus 300 may
directly determine the sleep state SS, or may obtain the sleep
state SS from the sleep management server SV.

[0374] The image display apparatus 300 determines
whether the user wakes on the basis of the sleep state SS of
the user (3120).

[0375] As described above, the image display apparatus
300 may obtain the sleep state SS of the user. In this case,
the image display apparatus 300 may determine whether the
sleep state SS of the user is changed from the asleep state to
the awake state.

[0376] Also, the image display apparatus 300 may deter-
mine whether the user wakes on the basis of a wake-up time
preset by the user in conjunction with the sleep state SS of
the user.

[0377] For example, when it is determined that the sleep
state SS of the user is the awake state after the wake-up time
preset by the user, the image display apparatus 300 may
determine that the user is awake.

[0378] Also, when it is determined that the sleep state SS
of the user is the awake state before the wake-up time preset
by the user, the image display apparatus 300 determines
whether the sleep state SS of the user is maintained as the
awake state for a predetermined reference time or longer.
When the sleep state SS of the user is maintained as the
awake state for the predetermined reference time or longer,
the image display apparatus 300 may determine that the user
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is awake. This is to provide a sufficient sleep time to the user
before the wake-up time preset by the user.

[0379] When the user does not wake up (no in 3120), the
image display apparatus 300 repeatedly determines the sleep
state SS of the user.

[0380] When the user wakes up (yes in 3120), the image
display apparatus 300 starts to operate (3125). That is, the
image display apparatus 300 is turned on.

[0381] When the user wakes, an external stimulus may
facilitate waking of the user. Accordingly, the image display
apparatus 300 is turned on.

[0382] As described above, the image display apparatus
300 may determine the sleep state of the user or receive the
sleep state of the user and may operate according to the sleep
state of the user.

[0383] FIG. 29 shows an example of operation of an air
conditioner included in a sleep management system accord-
ing to another embodiment.

[0384] Operation 3200 of an air conditioner 400 will be
described with reference to FIG. 29.

[0385] The air conditioner 400 obtains a sleep state SS of
a user (3210).
[0386] The sleep data acquisition apparatus 100 may

detect a heart rate, respiration rate, and movement of the user
every predetermined time interval and transmit sleep data
SD corresponding to the user’s heart rate, respiration rate,
and movement to the air conditioner 400 or the sleep
management server SV.

[0387] In this case, the air conditioner 400 may directly
determine the sleep state SS, or may obtain the sleep state SS
from the sleep management server SV.

[0388] The air conditioner 400 determines whether the
user falls asleep on the basis of the sleep state SS of the user
(3220).

[0389] As described above, the air conditioner 400 may
obtain the sleep state SS of the user. In this case, the air
conditioner 400 may determine whether the sleep state SS of
the user is changed from the awake state to the asleep state.
[0390] When the user does not fall asleep (no in 3220), the
air conditioner 400 repeatedly determines the sleep state SS
of the user.

[0391] When the user falls asleep (yes in 3220), the air
conditioner 400 determines whether a first time passes
(3230).

[0392] In detail, the air conditioner 400 may determine
whether the first time passes after the user is detected as
falling asleep.

[0393] When the first time does not pass (no in 3230), the
air conditioner 400 waits for the first time to pass.

[0394] Sleep of the user may be disturbed by an external
stimulus immediately after the user falls asleep. For
example, when the air conditioner 400 operates immediately
after the user falls asleep, the user may not fall asleep but
may wake due to the sudden operation of the air conditioner
400.

[0395] In order to prevent the sleep of the user from being
disturbed by an external stimulus, the air conditioner 400
may wait for the first time after the user is detected as falling
asleep.

[0396] When the first time passes after the user falls asleep
(yes in 3230), the air conditioner 400 operates in a sleep
mode (3235).

[0397] Properly adjusting an indoor temperature during
sleep helps people sleep well. In order to properly adjust an
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indoor temperature while the user sleeps, the air conditioner
400 may operate in a predetermined sleep mode.

[0398] Here, the sleep mode is an operation mode of the
air conditioner 400 in which the indoor temperature is
properly adjusted while the user sleeps.

[0399] In particular, a target temperature of the air condi-
tioner 400 may change according to a predetermined profile
in the sleep mode, and the sleep mode may be divided into
a plurality of stages according to a profile of the target
temperature. For example, the sleep mode may include a
sleep induction stage in which sleep of the user is induced,
a sleep maintenance step in which the sleep of the user is
maintained, and a wake-up induction stage in which waking
of the user is induced.

[0400] FIG. 30 shows another example of operation of an
air conditioner included in a sleep management system
according to another embodiment.

[0401] Operation 3300 of an image display apparatus 300
will be described with reference to FIG. 30.

[0402] An air conditioner 400 obtains a sleep state SS of
a user (3310).
[0403] A sleep data acquisition apparatus 100 may detect

a heart rate, respiration rate, and movement of the user every
predetermined time interval and transmit sleep data SD
corresponding to the user’s heart rate, respiration rate, and
movement to the image display apparatus 300 or a sleep
management server SV.

[0404] In this case, the air conditioner 400 may directly
determine the sleep state SS, or may receive the sleep state
SS from the sleep management server SV.

[0405] The air conditioner 400 determines whether the
user wakes on the basis of the sleep state SS of the user
(3320).

[0406] As described above, the air conditioner 400 may
obtain the sleep state SS of the user. In this case, the air
conditioner 400 may determine whether the sleep state SS of
the user is changed from an asleep state to an awake state.
[0407] Also, the air conditioner 400 may determine
whether the user wakes on the basis of a wake-up time preset
by the user in conjunction with the sleep state SS of the user.
[0408] For example, when it is determined that the sleep
state SS of the user is the awake state after the wake-up time
preset by the user, the air conditioner 400 may determine
that the user is awake.

[0409] Also, when it is determined that the sleep state SS
of the user is the awake state before the wake-up time preset
by the user, the air conditioner 400 determines whether the
sleep state SS of the user is maintained as the awake state for
a predetermined reference time or longer. When the sleep
state SS of the user is maintained as the awake state for the
predetermined reference time or longer, the air conditioner
400 may determine that the user is awake. This is to provide
a sufficient sleep time to the user before the wake-up time
preset by the user.

[0410] When the user does not wake up (no in 3320), the
air conditioner 400 repeatedly determines the sleep state SS
of the user.

[0411] When the user wakes up (yes in 3320), the air
conditioner 400 switches an operation mode from a sleep
mode to a normal mode (3325).

[0412] When the user wakes up, it is necessary to switch
the operation mode of the air conditioner 400 from the sleep
mode to the normal mode to provide a comfortable indoor
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temperature to the user who is awake. Accordingly, the air
conditioner 400 may be switched to the normal mode.
[0413] Subsequently, the air conditioner 400 determines
whether the user gets out of bed (3330).

[0414] 1In detail, the air conditioner 400 may directly
determine the sleep state SS, or may receive the sleep state
SS from the sleep management server SV. Also, the air
conditioner 400 may determine whether the user gets out of
bed on the basis of the sleep state SS of the user.

[0415] When the user gets out of bed (yes in 3330), the air
conditioner 400 stops operating (3335). That is, the air
conditioner 400 is turned off.

[0416] When the user gets out of bed, the user terminal
200 may determine that the user no longer wants to continue
sleeping, and thus may stop the operation of the air condi-
tioner 400. Accordingly, the air conditioner 400 is turned off.
[0417] As described above, the air conditioner 400 may
determine or receive the sleep state of the user, and operate
according to the sleep state of the user.

[0418] While embodiments of the present disclosure has
been particularly shown and described, it should be under-
stood by those skilled in the art that various changes in form
and details may be made therein without departing from the
spirit and scope of the disclosure as defined by the appended
claims, and also the various changes are not to be understood
as departing from the spirit and scope of the present disclo-
sure.

1. A sleep management method comprising:

obtaining sleep data of a user;

obtaining a sleep state of the user on the basis of the sleep

data; and

controlling at least one home appliance on the basis of the

sleep state of the user,

wherein the sleep data includes signals corresponding to

a heart rate, respiration rate, and movement of the user
detected by a piezoelectric sensor.

2. The sleep management method of claim 1, wherein the
obtaining a sleep state of the user on the basis of the sleep
data comprises:

obtaining, from the sleep data:

a first signal corresponding to the user’s heart rate,

a second signal corresponding to the user’s respiration
rate, and

a third signal corresponding to the user’s movement,
from the sleep data; and

identifying the sleep state of the user on the basis of the

obtained first signal, second signal, and third signal.

3. The sleep management method of claim 1, wherein the
obtaining a sleep state of the user on the basis of the sleep
data comprises:

transmitting the sleep data to a sleep management server;

and

receiving the sleep state of the user from the sleep

management server.

4. The sleep management method of claim 1, wherein the
controlling at least one home appliance on the basis of the
sleep state of the user comprises:

providing a graphic user interface for controlling opera-

tion of the at least one home appliance to the user;
receiving a user input from the user through the graphic
user interface; and

storing setting information for controlling the operation of

the at least one home appliance according to the user
input.
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5. The sleep management method of claim 4,

wherein the providing a graphic user interface comprises
displaying a sleep environment setting screen for set-
ting an indoor temperature during the user’s sleep, and

wherein the controlling at least one home appliance
comprises transmitting an indoor temperature set
through the sleep environment setting screen to the at
least one home appliance and switching an operation
mode of the at least one home appliance in response to
detecting the user’s sleep.

6. The sleep management method of claim 4,

wherein the providing a graphic user interface comprises
displaying a sleep environment setting screen for set-
ting a sleep induction temperature for inducing the
user’s sleep, a sleep maintenance temperature for main-
taining the user’s sleep, and a sleep stop temperature
for stopping the user’s sleep, and

wherein the controlling at least one home appliance
comprises:

transmitting the sleep induction temperature, the sleep
maintenance temperature, and the sleep stop tempera-
ture set through the sleep environment setting screen to
the at least one home appliance, and

switching an operation mode of the at least one home
appliance in response to detecting the user’s sleep.

7. The sleep management method of claim 4,

wherein the providing a graphic user interface comprises
displaying a sleep environment setting screen for
selecting whether to turn off the at least one home
appliance while the user sleeps, and

wherein the controlling at least one home appliance
comprises transmitting an operation stop command for
turning off the at least one home appliance to the at
least one home appliance in response to detecting the
user’s sleep.

8. A user terminal comprising:

a communicator configured to communicate with a sleep
data acquisition apparatus and at least one home appli-
ance; and

a controller configured to, in response to receiving sleep
data from the sleep data acquisition apparatus through
the communicator:

obtain a sleep state of a user on the basis of the sleep data,
and

transmit a control signal based on the sleep state of the
user to the at least one home appliance through the
communicator,

wherein the sleep data includes signals corresponding to
a heart rate, respiration rate, and movement of the user
detected by a piezoelectric sensor.

9. The user terminal of claim 8, wherein the controller is

configured to:

obtain, from the sleep data:

a first signal corresponding to the user’s heart rate,

a second signal corresponding to the user’s respiration
rate, and

a third signal corresponding to the user’s movement,
and

identify the sleep state of the user on the basis of the
obtained first signal, second signal, and third signal.
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10. The user terminal of claim 8, wherein the controller is
configured to:

transmit the sleep data to a sleep management server by

using the communicator, and

receive the sleep state of the user from the sleep man-

agement server by using the communicator.

11. The user terminal of claim 8, further comprising a
display configured to display a graphic user interface for
controlling operation of the at least one home appliance,

wherein the controller is configured to:

receive a user input from the user through the graphic user

interface and

store setting information for controlling the operation of

the at least one home appliance according to the user
input.

12. The user terminal of claim 11, wherein the graphic
user interface includes a sleep information display screen for
displaying at least one of:

a total sleep time,

a time it takes the user to fall asleep,

a number of times the user wakes up while sleeping,

sleep efficiency,

a deep sleep time, or

a rapid eye movement sleep time of the user.

13. The user terminal of claim 11,

wherein the graphic user interface includes a sleep envi-

ronment setting screen for setting an indoor tempera-
ture during the user’s sleep, and

wherein in response to detecting the user’s sleep, the

controller is configured to:

transmit the indoor temperature set through the sleep
environment setting screen to the at least one home
appliance by using the communicator, and

switch an operation mode of the at least one home
appliance.

14. The user terminal of claim 11,

wherein the graphic user interface includes:

a sleep environment setting screen for setting a sleep

induction temperature for inducing the user’s sleep,

a sleep maintenance temperature for maintaining the

user’s sleep, and

a sleep stop temperature for stopping the user’s sleep, and

wherein when the user’s sleep is detected, the controller

is configured to:

transmit the sleep induction temperature, the sleep main-

tenance temperature, and the sleep stop temperature set
through the sleep environment setting screen to the at
least one home appliance, and

switch an operation mode of the at least one home

appliance.

15. The user terminal of claim 11,

wherein the graphic user interface includes a sleep envi-

ronment setting screen for selecting whether to turn off
the at least one home appliance while the user sleeps,
and

wherein when the user’s sleep is detected, the controller

is configured to transmit an operation stop command
for turning off the at least one home appliance to the at
least one home appliance.
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