US 20180359112A1

a9y United States

12 Patent Application Publication o) Pub. No.: US 2018/0359112 A1

LEE et al,

43) Pub. Date: Dec. 13, 2018

(54)

(71)

(72)

(73)

1)

22)

(30)

Jun. 12, 2017

HOME DEVICE CONTROL DEVICE AND
OPERATION METHOD THEREOF

Applicant: Samsung Electronics Co., Ltd.,
Suwon-si (KR)

Inventors: Seungjae LEE, Hwaseong-si (KR);

Sooyong KIM, Yongin-si (KR);

Sangshik PARK, Suwon-si (KR);

Yongin PARK, Seoul (KR); Seoungjae

YOO, Seongnam-si (KR)

Assignee: Samsung Electronics Co., Ltd.,

Suwon-si (KR)

Appl. No.: 15/861,943

Filed: Jan. 4, 2018

Foreign Application Priority Data

(KR) 10-2017-0073397

Publication Classification

(51) Int. CL
HO4L 12/28 (2006.01)
AGIM 21/02 (2006.01)
AGIB 5/00 (2006.01)
HO4W 4/38 (2006.01)
(52) US.CL
CPC ... HO4L 12/2829 (2013.01); A6IM 21/02
(2013.01); HO4W 4/38 (2018.02); A61B
5/4812 (2013.01); A61B 5/4815 (2013.01)
57) ABSTRACT

An apparatus and a method for controlling a home device
using biometric information are provided. The method
includes determining a reference sleep pattern among a
plurality of sleep patterns based on sleep time information of
a user or basic information of the user, analyzing a sleep
state of the user based on biometric information of the user,
comparing the reference sleep pattern with the sleep state,
determining a sleep environmental condition when the ref-
erence sleep pattern is different from the sleep state, and
controlling the home device based on the determined sleep
environmental condition.
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HOME DEVICE CONTROL DEVICE AND
OPERATION METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] A claim for priority under 35 U.S.C. § 119 is made
to Korean Patent Application No. 10-2017-0073397 filed on
Jun. 12, 2017, in the Korean Intellectual Property Office, the
entire contents of which are hereby incorporated by refer-
ence. ¢l BACKGROUND

[0002] Example embodiments of the inventive concepts
described herein relate to a home device control device
and/or a method of controlling a home device. For example,
at least some example embodiments relate to, an apparatus
and/or method for controlling a home device using biometric
information.

[0003] With the development of Internet of things (IoT)
technologies, there have been many electronic devices
which are connected to wired and wireless communication
networks and are remotely controlled. Particularly, elec-
tronic devices installed in a building may be connected to a
wireless communication network and may be remotely
controlled for convenience of use and ensuring safety of the
building. Electronic devices with which such IoT technolo-
gies are combined may be manually controlled by persons
and/or may be automatically controlled based on informa-
tion collected using a variety of sensors,

[0004] Home devices with which IoT technologies are
combined may constitute a home network system by being
connected to a wired and/or wireless network and perform-
ing communication. The home devices may be controlled
through a home gateway. The home gateway may control the
home devices based on data received from one or more user
terminals and/or sensors.

[0005] A home device may play a role in changing an
environment of a home. For example, an air conditioner, a
lamp, and the like may be used to create a pleasant sleep
environment of a user. If the user sets the operation condi-
tions of home devices such as an air conditioner and a lamp
when the user goes to sleep, the home devices may perform
their operation without considering a state of the user who
takes sleep.

SUMMARY

[0006] Example embodiments of the inventive concepts
provide a home device control device for enhancing sleep
quality of a user and an operation method thereof.

[0007] According to an example embodiment, a method of
operating a control device for controlling a home device
may include determining a reference sleep pattern among a
plurality of sleep patterns based on one or more of sleep time
information associated with a user and basic information
associated with the user; analyzing a current sleep state of
the user based on biometric information of the user; com-
paring the reference sleep pattern with the current sleep
state; determining a sleep environmental condition when the
reference sleep pattern is different from the current sleep
state; and controlling the home device based on the sleep
environmental condition.

[0008] According to another example embodiment, a con-
trol device may include a memory configured to store a
plurality of sleep patterns; and a processor configured to,
determine a reference sleep pattern among a plurality of
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sleep patterns based on one or more of sleep time informa-
tion associated with a user and basic information associated
with the user, analyze a current sleep state of a user based on
biometric information of the user, compare the reference
sleep pattern with the current sleep state, determine a sleep
environmental condition when a reference sleep state of the
reference sleep pattern is different from the current sleep
state of the user, and control a home device based on the
sleep environmental condition.

[0009] According to another example embodiment, a con-
trol device may include a sensor configured to sense bio-
metric information of a user, a memory configured to store
a plurality of sleep patterns; and a processor configured to,
determine a reference sleep pattern among a plurality of
sleep patterns based on one or more of sleep time informa-
tion associated with the user and basic information associ-
ated with the user, analyze a current sleep state of a user
based on the biometric information of the user, compare the
reference sleep pattern with the current sleep state, deter-
mine a sleep environmental condition when a reference
sleep state of the reference sleep pattern is different from the
current sleep state of the user, and control a home device
based on the sleep environmental condition,

[0010] According to another example embodiment, a con-
trol system may include a wearable device configured to
include a sensor configured to sense biometric information
of a user, a home device configured to change a sleep
environmental condition, a mobile device configured to
analyze a sleep state of the user based on the biometric
information, compare the sleep state of the user with a
reference sleep pattern, and generate a control command for
the home device, and a home gateway configured to receive
the control command and control the home device. The
mobile device may be configured to determine the reference
sleep pattern among a plurality of sleep patterns based on
sleep time information of the user or basic information of the
user.

[0011] According to another example embodiment of the
inventive concepts, a control device may be configured to
control home devices, the control device may include a
memory and a processor, the memory including computer
readable code that, when executed by the processor, con-
figures the processor to, analyze a current sleep state of a
user based on biometric information associated with the
user, and selectively control one or more of the home
devices based on the current sleep state of the user.

BRIEF DESCRIPTION OF THE FIGURES

[0012] The above and other objects and features will
become apparent from the following description with refer-
ence to the following figures, wherein like reference numer-
als refer to like parts throughout the various figures unless
otherwise specified, and wherein:

[0013] FIG. 1 is a block diagram illustrating a configura-
tion of a home device control system according to an
example embodiment of the inventive concepts;

[0014] FIG. 2 is a block diagram illustrating a configura-
tion of a home device control system according to another
example embodiment of the inventive concepts;

[0015] FIG. 3 is a drawing illustrating an example of a
home device control system of FIG. 2;

[0016] FIG. 4 is a flowchart illustrating a method for
controlling a home device according to an example embodi-
ment of the inventive concepts;
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[0017] FIG. 5 is a flowchart illustrating a method for
determining a reference sleep pattern according to an
example embodiment of the inventive concepts;

[0018] FIG. 6 is a waveform chart illustrating an example
of a sleep pattern according to an example embodiment of
the inventive concepts;

[0019] FIG. 7 is a waveform chart illustrating an example
of generating a sleep pattern according to an example
embodiment of the inventive concepts;

[0020] FIG. 8 is a table illustrating an example of deter-
mining a reference sleep pattern according to an example
embodiment of the inventive concepts;

[0021] FIG. 9 isablock diagram illustrating an example of
a sensing device of FIG. 2;

[0022] FIG. 10 is a waveform chart illustrating an example
of analyzing a sleep state from biometric information
according to an example embodiment of the inventive
concepts;

[0023] FIG. 11 is a flowchart illustrating a method for
controlling a home device according to an example embodi-
ment of the inventive concepts;

[0024] FIG. 12 is a waveform chart illustrating an example
of comparing a reference sleep pattern with a current sleep
state according to an example embodiment of the inventive
concepts;

[0025] FIG. 13 is a flowchart illustrating an example of
controlling a light and a speaker based on sleep time
information at a control device according to an example
embodiment of the inventive concepts;

[0026] FIG. 14 is a block diagram illustrating a configu-
ration of a control device of FIG. 2; and

[0027] FIG. 15 is a block diagram illustrating an example
of a home device control system according to an example
embodiment of the inventive concepts.

DETAILED DE SCRIPT ION

[0028] Hereinafter, example embodiments of the inventive
concepts are described with reference to the accompanying
drawings so that this disclosure will be thorough and com-
plete and will fully convey the scope of example embodi-
ments of the inventive concepts to those skilled in the art,
[0029] FIG. 1 is a block diagram illustrating a configura-
tion of a home device control system according to an
example embodiment of the inventive concepts.

[0030] Referring to FIG. 1, a home device control system
100 may include a sensing device 110, an analysis device
120, a control device 130; and a home device 140. The
sensing device 110, the analysis device 120, the control
device 130, and the home device 140 may be connected with
each other by a wired or wireless communication network.
[0031] The sensing device 100 may include at least one of
a temperature sensor, a heart rate sensor, an acceleration
sensor, a sound sensor, and a galvanic skin response (GSR)
sensor. The sensors included in the sensing device 110 may
sense biometric information of a user who wears the sensing
device 110. The biometric information may include all of
information which may be measured from a body of the user
by the sensing device 110. For example, the biometric
information may include a skin temperature, heart rate
variability (HRV), movement of the body, a sound generated
from the user, and a GSR.

[0032] The sensing device 110 may obtain basic informa-
tion of the user, including a gender, an age, a health
condition, and body information, or combinations thereof of
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the user, and sleep time information including an alarm time
and the like via its input interface. For example, the input
interface may include a keypad, a touch pad, a button-type
switch, a dial switch, a microphone, and the like.

[0033] The sensing device 110 may transmit the biometric
information of the user, sensed by the sensor, to the analysis
device 120 and the control device 130. The sensing device
110 may transmit the basic information of the user, the sleep
time information, and the like, obtained via the input inter-
face, to the analysis device 120 and the control device 130.
[0034] The sensing device 110 may include a wearable
device which may be worn or attached to a body of the user.
For example, the sensing device 110 may be a band or a
watch worn on a wrist of the user. The sensing device 110
is not limited to a device, such as the band or the watch,
which covers a body of the user, and may include all devices
which may be worn or attached to the body of the user.
[0035] The analysis device 120 may receive biometric
information of the user from the sensing device 110 or the
control device 130. The analysis device 120 may analyze a
sleep state of the user from his or her biometric information.
For example, the analysis device 120 may classify the sleep
state of the user as a wake state, a light sleep state, or a deep
sleep state. Further, the analysis device 120 may classify the
sleep state of the user as a rapid eye movement (REM) sleep
state or a non REM (NREM) sleep state. The NREM sleep
state may be classified as a first stage NREM1, a second
stage NREM2, a third stage NREM3, or a fourth stage
NREM4. As an NREM sleep stage is more increased, it may
be determined that the user is in a deeper sleep state.
[0036] The REM sleep state may be a time when oxygen
consumption of a brain and cerebral blood flow are
increased and when the brain is functionally activated. In the
REM sleep state, fast movement of eyes, irregular breathing,
and an irregular heart rate may be detected together with an
alpha wave of 8 to 13 Hz. The NREM sleep state may be a
time when body tissue is repaired, when parasympathetic is
activated, and when a body temperature is adjusted to be
low. Further, in the NREM sleep state, a heart rate, a cardiac
output, and blood pressure may be reduced. As described
above, the NREM sleep state may be divided into the four
stages. In the first stage NREM1, a theta wave of 4 to 7 Hz
and slow eye movement may appear. In the second stage
NREM2, a sleep spindle of 12 to 14 Hz may appear. In the
third and fourth stages NREM3 and NREM4, a delta wave
may appear. When the delta wave is 20 to 50%, the NREM
sleep state may be classified as the third stage NREM3.
When the delta wave is greater than or equal to 50%, the
NREM sleep state may be classified as the fourth stage
NREM4. Each of the first and second stages NREM1 and
NREM2 of the NREM sleep state may correspond to a light
sleep state, and each of the third and fourth stages NREM3
and NREM4 of the NREM sleep state may correspond to a
deep sleep state.

[0037] As such, since a sleep feature varies according to
each sleep state, the analysis device 120 may analyze a sleep
state of the user from his or her biometric information,
[0038] The analysis device 120 may generate a sleep
pattern based on feedback information on a sleep state of the
user and quality of his or her sleep. For example, the analysis
device 120 may generate a sleep pattern by analyzing a sleep
state at a desired (or, alternatively, a predetermined) interval
of time during a total sleep time of the user. The analysis
device 120 may extract a sleep pattern of the user from a
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plurality of analyzed sleep state information. In other words,
the sleep pattern may be information indicating a change in
sleep state according to a sleep time.

[0039] The analysis device 120 may determine a reference
sleep pattern, which is a criterion for the user to take a deep
sleep, among the generated sleep patterns. In other words,
the reference sleep pattern may be a sleep pattern including
sleep state information, which is a criterion for the user to
take a deep sleep, among sleep patterns.

[0040] The analysis device 120 may generate a sleep
pattern based on feedback information on quality of sleep of
the user. Sleep feedback information including a value of
sleep quality during a sleep time may be obtained via an
input interface of the sensing device 110 from the user.
Further, the sleep feedback information of the user may be
calculated from his or her biometric information by the
analysis device 120. If the value of sleep quality is greater
than a threshold, the analysis device 120 may generate a
sleep pattern using sleep state information analyzed from the
sleep. A threshold for sleep quality may be a reference value
for determining the sleep quality. The threshold for the sleep
quality may be a value previously stored in the analysis
device 120. The user may verify the threshold for the sleep
quality and may input his or her sleep feedback information
on the basis of the threshold.

[0041] For example, if the value of the sleep quality is 90
and if the threshold is 88, the analysis device 120 may
determine that the sleep quality of the user is good and may
generate a sleep pattern using sleep state information ana-
lyzed over time. The analysis device 120 may store a sleep
pattern generated to determine a reference sleep pattern. For
example, the value of the sleep quality may include satis-
faction with sleep of the user or a stress level calculated from
his or her biometric information during sleep. For example,
if a maximum value of sleep quality is 100, the analysis
device 120 may obtain satisfaction with sleep among values
greater than the threshold and less than or equal to 100 from
the user. Further, the analysis device 120 may calculate a
stress level among the values greater than the threshold and
less than or equal to 100 from biometric information of the
user during sleep.

[0042] The analysis device 120 may determine one of a
plurality of stored sleep patterns as a reference sleep pattern.
The analysis device 120 may determine a reference sleep
pattern based on the basic information of the user or the
sleep time information. For example, the analysis device 120
may determine a sleep pattern on the basis of a total sleep
time, a gender, an age, and a health condition, and the like
of the user. The analysis device 120 may calculate an
expected sleep time of the user from sleep time information
and may determine a sleep pattern corresponding to the
sleep time as a reference sleep pattern. The analysis device
120 may transmit data for the analyzed sleep state of the user
and the reference sleep pattern to the control device 130.
[0043] The analysis device 120 may be included in an
external server such as a cloud server. Further, the analysis
device 120 may be included in an electronic device which
exists in a space where the user takes sleep.

[0044] The control device 130 may control an operation of
the home device 140 based on collected information. For
example, the control device 130 may control the home
device 140 from a reference sleep pattern received from the
analysis device 120 and a sleep state of the user. The control
device 130 may compare the reference sleep pattern with a
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current sleep state of the user. If a sleep state of the reference
sleep pattern is not equal to the current sleep state of the user,
the control device 130 may control an operation of the home
device 140. The control device 130 may transmit a control
signal to the home device 140 for changing a sleep envi-
ronmental condition such that the current sleep state is
identical to the sleep state of the reference sleep pattern. For
example, the control device 130 may transmit a control
signal for changing a temperature of a room to an air
conditioner to control an operation of the air conditioner.
[0045] The control device 130 may be included in a home
gateway for controlling the home device 140 or a user
terminal such as a smartphone. If the analysis device 120 is
included in the external server such as the cloud server, the
control device 130 may include a communication module
for performing wireless communication with the analysis
device 120. The control device 130 may access a wired and
wireless network, such as the Internet, and may transmit and
receive data with the analysis device 120.

[0046] Similar to the sensing device 110, the control
device 130 may obtain sleep feedback information of the
user via the input interface from the user. Further, the control
device 130 may obtain the basic information of the user and
the sleep time information via the input interface and may
transmit the obtained information to the analysis device 120.
[0047] The home device 140 may operate in response to a
control signal of the control device 130. For example, if the
control device 130 transmits a control signal to the at least
one home device 140, the at least one home device 140
which receives the control signal may operate according to
the control signal.

[0048] The home device 140 may transmit and receive
data according to a wired or wireless communication mode.
For example, the home device 140 may receive a control
command from the control device 130 and may transmit
state information about the home device 140 and detected
sleep environment information to the control device 130.
The control device 130 may control an operation of the
home device 140 based on the state information and the
sleep environment information received from the home
device 140. For example, if receiving fault state information
from the home device 140, the control device 130 may
control another home device except for the faulty home
device 140 in changing a sleep environmental condition.
Further, the control device 130 may control an operation of
an air conditioner based on temperature information
detected from the air conditioner.

[0049] The home device control system 100 according to
example embodiments of the inventive concepts is not
limited thereto, and may include various types of home
device control systems for performing the same function.
[0050] FIG. 2 is a block diagram illustrating a configura-
tion of a home device control system according to another
example embodiment of the inventive concepts.

[0051] Referring to FIG. 2, a home device control system
100 may include a sensing device 110, a home device 140,
and a control device 150. Since the sensing device 110 and
the home device 150 of FIG. 2 are the same as a sensing
device 110 and a home device 140 described in a home
device control system 100 of FIG. 1, a description will be
omitted.

[0052] The control device 150 may generate a sleep pat-
tern by receiving biometric information of a user and
analyzing his or her sleep state. Further, the control device
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150 may control the home device 140 based on a result of
comparing a current sleep state with a reference sleep
pattern. In other words, the control device 150 may include
all of functions of an analysis device 120 and a control
device 130 of FIG. 1. Since the control device 150 performs
the same function as the analysis device 120 and the control
device 130 of FIG. 1, a repeated description will be omitted.
[0053] If a home device control system is configured
without the separate analysis device 120 like the home
device control system 100 of FIG. 2, the sensing device 110
and the control device 150 may not perform communication
with the analysis device 120. For example, the control
device 150 may be a user terminal or a home gateway, which
communicates with the home device 140,

[0054] FIG. 3 is a drawing illustrating an example of a
home device control system of FIG. 2.

[0055] Referring to FIGS. 2 and 3, a wearable device 111
worn on a wrist of a user may correspond to a sensing device
110. For example, a temperature sensor, a heart rate sensor,
an acceleration sensor, a sound sensor, a GSR sensor, and the
like may be mounted on the wearable device 111. As worn
in a state it is in contact with a body of the user, the wearable
device 111 may detect a skin temperature from the tempera-
ture sensor and may detect HRV (Heart Rate Variability)
from the heart rate sensor. The wearable device 111 may
detect movement of the user from the acceleration sensor
and may detect snoring and sleep talking of the user from the
sound sensor. Further, the wearable device 111 may detect a
GSR from the GSR sensor.

[0056] A home gateway 151 may analyze a sleep state,
sleep quality, and the like based on biometric information
detected by the wearable device 111. For example, the home
gateway 151 may calculate a skin impedance value from the
GSR of the user and may calculate a value of sleep quality
corresponding to the skin impedance value. If the skin
impedance value of the user is low, the home gateway 151
may calculate a value of sleep quality of the user as a high
value. In other words, if the skin impedance value of the user
is low, the home gateway 151 may determine that the sleep
quality of the user is good.

[0057] The home gateway 151 may include a function of
a control device 150 of FIG. 2. The home gateway 151 may
generate a sleep pattern and analyzing a sleep state by
receiving biometric information detected by the wearable
device 111 from the wearable device 111. The home gateway
151 may determine at least one of the sleep patterns as a
reference sleep pattern. The home gateway 151 may com-
pare a current sleep state with the reference sleep pattern to
control home devices 141 to 145. The home gateway 151
may control the home devices 141 to 145 to change a sleep
environmental condition of the user.

[0058] For example, the home gateway 151 may control a
lamp 141 to adjust brightness, a color, and a direction of
light and may control the speaker 142 to adjust a level of a
sound and whether to play back music. The home gateway
151 may control an air conditioner 143 to adjust temperature
and a direction and strength of a wind and may control a bed
144 to adjust an incline and a shake of the bed 144. Further,
the home gateway 151 may control a pillow 145 to adjust a
height and a temperature of the pillow 145.

[0059] After sleep of the user is completed, the home
gateway 151 may transmit sleep feedback information,
including sleep quality, a sleep state, and a reference sleep
pattern of the user during a sleep time and operation infor-
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mation of the home devices 141 to 145, to the wearable
device 111. The user may verify feedback information on his
or her sleep through the wearable device 111 or the home
gateway 151,

[0060] Each of the home devices 141 to 145 may include
a communication module to be wirelessly connected with
the home gateway 151. Further, each of the home devices
141 to 145 may be a smart device which performs various
operations according to a control command of the home
gateway 151. A home device 140 which may change a sleep
environmental condition of the user is not limited to the
devices 141 to 145 shown in FIG. 3, and may include all
smart devices which may change the sleep environmental
condition of the user.

[0061] Further, in some example embodiments of the
inventive concepts, while FIG. 2 illustrates a sensing device
110 and a control device 150 may be implemented as
separate devices, in some example embodiments, the sens-
ing device 110 and the control device 150 may be imple-
mented to be included in one electronic device (not shown).
If the sensing device 110 and the control device 150 are
included in the one electronic device, the home device 140
may be controlled for a deep sleep using only the electronic
device. For example, all of functions of the sensing device
110 and the control device 150 are included in one wearable
device worn or attached to a body of the user, the home
device 140 may be controlled for a deep sleep using only the
one wearable device.

[0062] Hereinafter, a description will be given in detail of
a method for controlling a home device according to an
example embodiment of the inventive concepts with refer-
ence to FIG. 4. For concise description, a description will be
given of the method for controlling the home device accord-
ing to an example embodiment of the inventive concepts
with reference to a control device 150 of FIG. 2. However,
the scope of the example embodiments of the inventive
concepts are not limited thereto. For example, the method
for controlling the home device according to an example
embodiment of the inventive concepts may be performed
through various types of electronic devices, each of which
includes a function of the control device 150. For example,
the method for controlling the home device may be per-
formed by one wearable device including both of functions
of a sensing device 110 and a control device 150. Further, the
function of the control device 150 may be performed by a
mobile device of the user and a home gateway.

[0063] FIG. 4 is a flowchart illustrating a method for
controlling a home device according to an example embodi-
ment of the inventive concepts.

[0064] Referring to FIGS. 2 and 4, in operation S110, the
control device 150 may determine a reference sleep pattern
by determining sleep time information, basic information of
a user, and the like.

[0065] Forexample, the control device 150 may determine
the sleep time information of the user from his or her alarm
setting time to determine the reference sleep pattern. The
control device 150 may calculate a total sleep time of the
user by collecting his or her alarm setting time information
and may determine the reference sleep pattern based on the
total sleep time. The control device 150 may determine the
reference sleep pattern that is suitable for the user in
consideration of the sleep time information and the basic
information of the user among a plurality of sleep patterns
previously stored in the control device 150. Thus, the control
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device 150 may adjust a sleep environmental condition
during a sleep time on the basis of the determined reference
sleep pattern. The sleep patterns previously stored in the
control device 150 may include a sleep pattern generated by
the control device 150, a sleep pattern received from an
external server, and/or a sleep pattern stored in advance in
the control device 150.

[0066] A description will be given in detail of the method
for determining the reference sleep pattern in operation S110
of FIG. 4 later with reference to FIGS. 5 to 8, discussed
below.

[0067] In operation S120, the control device 150 may
obtain biometric information from a sensing device 110. A
description will be given in detail of the method for obtain-
ing the biometric information of the user in operation S120
of FIG. 4 later with reference to FIG. 9, discussed below.
[0068] In operation S130, the control device 150 may
analyze a sleep state of the user based on the obtained
biometric information. The control device 150 may analyze
a sleep state of the user using at least one of a plurality of
biometric information. For example, the control device 150
may analyze the sleep state of the user using at least one of
a skin temperature, HRV, movement of the user, a sound
generated from him or her, and a GSR.

[0069] The control device 150 may analyze a sleep state of
the user among a wake state, a REM sleep state, and an
NREM sleep state (first to fourth stages NREMI1 to
NREM4). The control device 150 may classify each of the
first and second stages NREM1 and NREM2 in the NREM
sleep state as a light sleep state, and may classify each of the
third and fourth stages NREM3 and NREM4 in the NREM
state as a deep sleep state.

[0070] A description will be given in detail of a method for
analyzing a sleep state in operation S130 of FIG. 4 later with
reference to FIG. 10, discussed below.

[0071] In operation S140, the control device 150 may
compare a current sleep state of the user with the reference
sleep pattern. The reference sleep pattern may include
information about a specific sleep state changed over time.
The control device 150 may compare a sleep state of a time
corresponding to a current time among sleep states included
in the reference sleep pattern with an analyzed current sleep
state. If the sleep state of the reference sleep pattern is
identical to the current sleep state, the control device 150
may not transmit a separate control command to one or more
of the home devices 140. If the sleep state of the reference
sleep pattern is different from the current sleep state, the
control device 150 may perform an operation for changing
a sleep environmental condition.

[0072] In operation S150, the control device 150 may
select one or more of the home devices 140 to which a
control command will be transmitted to change a sleep
environmental condition. For example, the control device
150 may determine at least one of a plurality of sleep
environmental conditions and may select one or more of the
home devices 140 based on the determined sleep environ-
mental condition.

[0073] Further, the control device 150 may select one or
more of the home devices 140 based on state information of
the home devices 140 or setting information of the user. For
example, the control device 150 may exclude a device which
is in a fault state among devices included in the home
devices 140 from an object to be selected. The control device
150 may collect information about a preferred or non-
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preferred device of the user and may primarily select the
preferred one of the home devices 140.

[0074] In operation S160, the control device 150 may
transmit a control command to the selected ones of the home
devices 140 to control the selected ones of the home devices
140.

[0075] A description will be given in detail of an operation
of the control device 150 in operations S140 to S160 of FIG.
4 later with reference to FIGS. 11 and 12.

[0076] Hereinafter, a description will be given in detail of
the method for determining the reference sleep pattern in
operation S110 of FIG. 4 with reference to FIGS. 5 to 8.
[0077] FIG. 5 is a flowchart illustrating a method for
determining a reference sleep pattern according to an
example embodiment of the inventive concepts. FIG. 6 is a
waveform chart illustrating an example of a sleep pattern
according to an example embodiment of the inventive
concepts. FIG. 7 is a waveform chart illustrating an example
of generating a sleep pattern according to an example
embodiment of the inventive concepts. FIG. 8 is a table
illustrating an example of determining a reference sleep
pattern according to an example embodiment of the inven-
tive concept.

[0078] Referring to FIG. 2 and FIGS. 5 to 8, in operation
S111, the control device 150 may collect sleep feedback
information. The sleep feedback information may include a
value of sleep quality, received from a user after his or her
sleep is completed or a value of sleep quality, analyzed in the
control device 150.

[0079] For example, in some example embodiments, the
user may input a value of sleep quality via an input interface
of a sensing device 110 or the control device 150 after his or
her sleep. In other example embodiments, the control device
150 may calculate a value of sleep quality of the user from
obtained biometric information. For example, the control
device 150 may calculate a skin impedance value from a
GSR of the user, measured by a GSR sensor, and may
calculate a value of sleep quality according to the skin
impedance value. If the skin impedance value is low, the
control device 150 may calculate a value of sleep quality to
be low. If the skin impedance value is high, the control
device 150 may calculate a value of sleep quality to be high.
[0080] The control device 150 may calculate a value of
sleep quality continuously during a total sleep time of the
user. For example, the control device 150 may calculate a
value of sleep quality with respect to a specific time in the
total sleep time of the user to be low and may calculate a
value of sleep quality with respect to a specific time in the
total sleep time to be high. Thus, there may be an interval
where a value of sleep quality is low in the total sleep time
of the user and an interval where a value of sleep quality is
high in the total sleep time.

[0081] In operation S112, the control device 150 may
generate a sleep pattern based on the sleep feedback infor-
mation. The sleep pattern may be information in which a
sleep state changed during a sleep time of the user is
calculated over a sleep time. The sleep pattern may vary
according to basic information of the user, including a
gender, an age, a health condition, and a body characteristic
of the user, and sleep time information. The control device
150 may extract a value of sleep quality from the sleep
feedback information and may generate a sleep pattern using
sleep state information in corresponding sleep if the value of
the sleep quality is high. Further, the control device 150 may



US 2018/0359112 Al

generate a sleep pattern using sleep state information in an
interval where a value of sleep quality is high during a sleep
time of the user.

[0082] The control device 150 may previously store sleep
patterns generated in various situations. For example, as
shown in FIG. 6, a plurality of sleep patterns may be
previously stored in the control device 150. A 1° section of
FIG. 6 may indicate a sleep pattern when a total sleep time
of the user is a first time T1, and a 2" section may indicate
a sleep pattern when the total sleep time is a second time T2.
The sleep pattern of the 1% section may be a sleep pattern
when a sleep time is long, and the sleep pattern of the 2"/
section may be a sleep pattern when a sleep time is short. For
example, if an expected sleep time of the user is longer than
a first threshold, the control device 150 may determine the
sleep pattern of the 1° section as a reference sleep pattern.
Further, if the expected sleep time is shorter than a second
threshold, the control device 150 may determine the sleep
pattern of the 27 section as the reference sleep pattern.
[0083] The first threshold and the second threshold for
determining the reference sleep pattern may be values
generated in the control device 150 on the basis of a total
sleep time of a stored sleep pattern. For example, if the total
sleep time of the stored sleep pattern is the first time T1, the
control device 150 may generate a value, which is less than
the first time T1, as the first threshold. If the total sleep time
of the stored sleep pattern is the second time T2, the control
device 150 may generate a value, which is greater than the
second time T2, as the second threshold. In other words,
each of the first threshold and the second threshold may be
a threshold time which is a criterion for determining a
reference sleep pattern among a plurality of stored sleep
patterns. The method for generating a threshold for deter-
mining the reference sleep pattern in the present disclosure
is not limited to the above-mentioned details. A threshold
may be generated in various methods.

[0084] A horizontal axis of a sleep pattern may indicate
time, and a vertical axis may indicate a sleep state. The sleep
state may be classified as a wake state, a REM sleep state
REM, a first stage NREM1 of an NREM sleep state, a
second stage NREM2 of the NREM sleep state, a third stage
NREM3 of the NREM sleep state, or a fourth stage NREM4
of the NREM sleep state.

[0085] Referring to the sleep pattern of the 1** section, the
fourth stage NREM4 of the NREM sleep state may be
indicated in two intervals Ta and Tc during a total sleep time
and the REM sleep state REM may be indicated in one
interval Th. Further, a stage of the NREM sleep state may be
sequentially reduced in the closest interval Td to the time T
when sleep is completed. If the user immediately awakes
from a deep sleep state, sleep quality of the user may be bad.
Thus, a sleep pattern may be generated such that a stage of
the NREM sleep state is reduced at a time when sleep of the
user is completed, such that the user wakes from a light sleep
state.

[0086] Referring to the sleep pattern of the 27 section, the
second stage NREM2 of the NREM sleep state may be
indicated in one interval Te during a total sleep time. If a
sleep time is short and if the user falls into deep sleep
NREM3 or NREMA, sleep quality may be bad. Thus, a sleep
pattern may be generated not to include the third and fourth
stages NREM3 and NREM4 of the NREM sleep state.
[0087] While FIG. 6 illustrates an example of various
sleep patterns, a sleep pattern according to example embodi-
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ments of the inventive concepts are not limited thereto. As
described above, there may be a variety of sleep patterns
according to a gender, an age, a body characteristic, a sleep
time, and a health condition of the user.

[0088] The control device 150 may newly generate a
previously stored sleep pattern based on sleep feedback
information of the user. For example, the control device 150
may correct a previously stored sleep pattern from sleep
feedback information of the user. For example, as shown in
FIG. 7, the control device 150 may correct a first sleep
pattern P1 as a second sleep pattern P2 based on sleep
feedback information including a value of sleep quality. In
the first sleep pattern P1, the fourth stage NREM4 of the
NREM sleep stage may be maintained by time T1 and the
REM sleep state REM may be maintained by time T3. First
of all, the control device 150 may control a sleep environ-
ment of the user based on the first sleep pattern P1. After
sleep of the user is completed, if a value of his or her sleep
quality is less than or equal to a threshold in the fourth stage
of the NREM sleep state NREM4 and the REM sleep state,
the control device 150 may adjust a time of the fourth stage
of the NREM sleep state NREM4 and a time of the REM
sleep state. The control device 150 may generate the new
second sleep pattern P2 by increasing the time of the fourth
stage of the NREM sleep state NREM4 to time T2 and
decreasing the time of REM sleep state to time T4. The
control device 150 may store the newly generated second
sleep pattern P2 and may delete the previously stored first
sleep pattern P1.

[0089] The control device 150 may generate various sleep
patterns according to various sleep situations of the user. The
control device 150 may generate a desired alternatively, an
optimum) sleep pattern suitable for the user using collected
sleep feedback information. For example, the control device
150 may generate the desired (or, alternatively, the opti-
mum) sleep pattern by comparing sleep patterns in the same
situation through machine learning.

[0090] In operation S113, the control device 150 may
obtain sleep time information and/or basic information of a
user. The sleep time information may include information
about a total sleep time calculated from an alarm time. The
basic information of the user may include a gender, an age,
and a health condition of the user and anything unusual of
his or her body.

[0091] In operation S114, the control device 150 may
determine a reference sleep pattern based on the sleep time
information and/or the basic information of the user. For
example, the control device 150 may determine the refer-
ence sleep pattern based on at least one of the sleep time
information and the basic information of the user. The
control device 150 may match and store a sleep pattern
corresponding to a specific condition with the specific
condition. For example, the control device 150 may match
and store the sleep time information of the user and/or the
basic information of the user with a sleep pattern corre-
sponding to the information. The control device 150 may
determine a sleep pattern suitable for the user among a
plurality of stored sleep patterns as a reference sleep pattern
based on the sleep ti information of the user and/or the basic
information of the user.

[0092] For example, a sleep pattern table of FIG. 8 shows
a sleep pattern matched with a condition for a specific
situation. If a sleep time is between 6 hours and 7 hours and
if a health condition value of the user is between 30 and 50,
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sleep pattern 1 may be matched. If the sleep time is between
1 hour and 2 hours and if the health condition value of the
user is between 60 and 70, sleep pattern 2 may be matched.
If the sleep time is between 3 hours and 4 hours and if an age
of the user is between 30 and 40, sleep pattern 3 may be
matched.

[0093] Forexample, as illustrated in FIG. 8, if a sleep time
of the user who starts sleep is 1. 2 hours and if the health
state value of the user is 65, the control device 150 which
stores such a sleep pattern table may determine sleep pattern
2 as a reference sleep pattern. The health condition value of
the user may be a value input after the user converts his or
her health condition into a numeric value before he or she
starts sleep. After the user ends sleep, a sleep time and a
health condition value of the user may be matched with an
analyzed sleep pattern according to a value of sleep quality
and may be stored in the sleep pattern table.

[0094] In other words, the control device 150 may store a
plurality of sleep patterns respectively matched with various
situations of the user and may determine a sleep pattern
suitable for the user among a plurality of stored sleep
patterns as a reference sleep pattern based on a sleep time of
the user who starts sleep and/or the basic information the
user.

[0095] Hereinafter, a description will be given in detail of
the method for obtaining the biometric information of the
user in operation S120 of FIG. 4 with reference to FIG. 9.
[0096] FIG.9isablock diagram illustrating an example of
a sensing device of FIG. 2.

[0097] Referring to FIGS. 2 and 9, a sensing device 110
may include a temperature sensor 112, a heart rate sensor
113, an acceleration sensor 114, a sound sensor 115, and/or
a GSR sensor 116. As shown in FIG. 9, the sensing device
110 may include a band-type wearable device which may be
worn on a body of a user.

[0098] The sensing device 110 may measure a skin tem-
perature of the user using the temperature sensor 112 and
may transmit the temperature information to a control device
150. The sensing device 110 may measure heart rate infor-
mation using the heart rate sensor 113 and may transmit the
measured heart rate information to the control device 150.
The sensing device 110 may measure movement information
of the user using the acceleration sensor 114 and may
transmit the measured movement information to the control
device 150. The sensing device 110 may measure sound
information generated from the user using the sound sensor
115 and may transmit the measured sound information to the
control device 150. For example, the sound sensor 115 may
sense snoring, sleep talking, and the like of the user and may
transmit the measured sound information to the control
device 150. The sensing device 110 may measure skin
impedance information through a GSR of the user using the
GSR sensor 116 and may transmit the measured skin imped-
ance information to the control device 150.

[0099] In other words, the biometric information of the
user may include a skin temperature detected from the user,
HRV, movement of the user, a sound generated from the
user, skin impedance, or combinations thereof

[0100] The control device 150 may obtain biometric infor-
mation of the user from the sensing device 110.

[0101] Hereinafter, a description will be given in detail of
a method for analyzing a sleep state in operation S130 of
FIG. 4.
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[0102] FIG. 10 is a waveform chart illustrating an example
of analyzing a sleep state from biometric information
according to an embodiment of the inventive concept. FIG.
10 includes a graph showing a change in biometric infor-
mation over time. First graph G1 indicates a change in a skin
temperature of a user. Second graph G2 indicates a change
in an HRV level of the user. Third graph G3 indicates a
change in a movement size of the user. Fourth graph G4
indicates a change in a sound level generated from the user.
Fifth graph G5 indicates a change in a skin impedance level
through a GSR of the user.

[0103] Referring to FIGS. 2 and 10, the control device 150
may analyze a sleep state of the user using at least one of a
plurality of biometric information. The control device 150
may analyze a sleep state of the user using his or her
different biometric information over time.

[0104] For example, the control device 150 may analyze
the sleep state of the user using a skin temperature, HRV, and
movement information in first time t1. As shown in first
region R1 in first time t1, when movement of the user is
detected, if a skin temperature is higher than a threshold and
if HRV is greater than a threshold, the control device 150
may determine a sleep state of the user as awake state.
Particularly, as shown in first region R1, if the skin tem-
perature is higher than the threshold by a desired (or,
alternatively, a predetermined) value or more and if the HRV
is greater than the threshold by a desired (or, alternatively, a
predetermined) value or more, the control device 150 may
determine the sleep state of the user as an arousal state in the
wake state.

[0105] The control device 150 may analyze a sleep state of
the user using a skin temperature, HRV, and movement
information in second time t2. As shown in second region
R2 in second time 12, when movement of the user is not
detected, if a skin temperature is lower than the threshold
and if HRV is less than the threshold, the control device 150
may determine a sleep state of the user as a NREM sleep
state. Particularly, as shown in region R2, if the skin
temperature is lower than the threshold by the desired (or,
alternatively, the predetermined) value or less and if the
HRV is less than the threshold by the desired (or, alterna-
tively, the predetermined) value or less, the control device
150 may determine a sleep state of the user as a deep sleep
state in the NREM sleep state.

[0106] The control device 150 may analyze a sleep state of
the user using movement information and sound information
in third time t3. As shown in third region R3 in third time t3,
if movement and a sound of the user are greatly detected
temporarily at a specific moment, the control device 150
may determine that the user talks in his or her sleep to
determine a sleep state of the user as a REM sleep state. In
addition, the control device 150 may analyze a sleep state of
the user using a skin temperature and HRV information in
fourth time t4. As shown in fourth region R4 in fourth time
4, if a skin temperature is temporarily increased and if HRV
is greatly increased, the control device 150 may determine
a sleep state of the user as a REM sleep state.

[0107] The control device 150 may analyze quality of
sleep as well as the sleep state of the user using biometric
information. As shown in fifth region RS, if a skin imped-
ance value is less than a threshold, the control device 150
may determine sleep quality of the user is bad. As shown in
second region R2, if a level of HRV is lower than the
threshold, the control device 150 may determine that sleep
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quality of the user is good. The control device 150 may
calculate a value of sleep quality as a numeric value. The
value of the sleep quality, included in sleep feedback infor-
mation, may be provided to the user.

[0108] For example, a threshold of biometric information
for analyzing a sleep state and sleep quality of the user may
be a value preset based on a biological characteristic or an
operation characteristic in a sleep state. In other words, the
threshold may be determined based on a plurality of bio-
metric information generally detected from users in their
sleep states. The determined threshold may be previously
stored in the control device 150.

[0109] According to an example embodiment of the inven-
tive concepts, the method for analyzing the sleep state of the
user at the control device 150 is not limited to an example
of FIG. 10. The control device 150 may detect various
changes of biometric information measurement values and
may analyze a sleep state of the user. As such, the method
for analyzing the sleep state of the user according to example
embodiments of the inventive concepts may include all
methods for analyzing a sleep state from a biometric infor-
mation measurement value.

[0110] Hereinafier, a description will be given in detail of
an operation of the control device 150 in operations S140 to
S160 of FIG. 4 with reference to FIGS. 11 and 12.

[0111] FIG. 11 is a flowchart illustrating a method for
controlling a home device according to an example embodi-
ment of the inventive concepts. FIG. 12 is a waveform chart
illustrating an example of comparing a reference sleep
pattern with a current sleep state according to an example
embodiment of the inventive concepts.

[0112] Referring to FIGS, 2,11, and 12, in operation S140,
a control device 150 may compare a determined reference
sleep pattern with a current sleep state of a user. For
example, as shown in FIG. 12, first of all, the control device
150 may analyze a current sleep state of the user as a second
stage NREM2 of an NREM sleep state in first time t1. A
reference sleep pattern determined by the control device 150
may indicate a fourth stage NREM4 of the NREM sleep
state in first time t1. The control device 150 may compare
the second stage NREM2 of the NREM sleep state which is
the current sleep state in first tune t1 with the fourth stage
NREM4 of the NREM sleep stage of the reference sleep
pattern. The control device 150 may analyze a current sleep
state of the user as a REM sleep state REM in second time
t2. The reference sleep pattern determined by the control
device 150 may indicate the REM sleep state in second time
t2. The control device 150 may compare the REM sleep state
which is the current sleep state in second time 2 with the
REM sleep state of the reference sleep pattern.

[0113] In operation S141, the control device 150 may
determine that the current sleep state is equal to the reference
sleep pattern. If the current sleep state of the user is equal to
the reference sleep pattern, the control device 150 may not
control an operation of a home device 140. For example, as
shown in FIG. 12, if both of the reference sleep pattern and
the current sleep state of the user are equal to each other as
the REM sleep state in second time t2, the control device 150
may not control the home device 140. If the current sleep
state of the user is different from the reference sleep pattern,
the control device 150 may control an operation of the home
device 140. For example, as shown in FIG. 12, if the current
sleep state of the user is different from the reference sleep
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pattern in time t1, the control device 150 may control an
operation of the home device 140 for changing a sleep
environmental condition.

[0114] Ifthe current sleep state of the user is different from
the reference sleep pattern, in operation S142, the control
device 150 may determine a sleep environmental condition
to be changed. The sleep environmental condition may
include temperature, light, a sound, a wind, humidity, a
height of a pillow, a temperature of the pillow, a shake of a
bed, an incline of the bed, or combinations thereof. The sleep
environmental condition may include all natural, human
elements which have an influence on sleep of the user. The
control device 150 may select at least one of a plurality of
sleep environment conditions to determine a sleep environ-
mental condition to be changed. For example, the control
device 150 may determine temperature and a sound as a
sleep environmental condition to be changed.

[0115] For example, the control device 150 may determine
a sleep environmental condition to be changed, based on
biometric information of the user. For example, if a skin
temperature of the user is greater than a specific threshold,
the control device 150 may determine temperature or a
temperature condition of a pillow as a sleep environmental
condition to be changed.

[0116] The control device 150 may determine a sleep
environmental condition to be changed, based on a reference
sleep pattern. For example, if the reference sleep pattern
indicates a fourth stage of an NREM sleep state NREM4, the
control device 150 may determine light and sound condi-
tions as sleep environmental conditions to be changed. The
control device 150 may block light and a sound to guide the
user to be in a deep sleep state.

[0117] If there is a sleep environmental condition which
departs from a constant range among a plurality of sleep
environmental conditions, the control device 150 may deter-
mine the sleep environmental conditions as a sleep environ-
mental condition to be changed. For example, if a sound
output from a speaker departs from a desired (or, alterna-
tively, a predetermined) sound level range or if a tempera-
ture of a room departs from a desired (or, alternatively, a
predetermined) temperature range, the control device 150
may determine a sound and temperature as a sleep environ-
mental condition to be changed.

[0118] The control device 150 may determine a desired
(or, alternatively, an optimum) sleep environmental condi-
tion based on a sleep state change according to the changed
sleep environmental condition. For example, the control
device 150 may match and store a sleep environmental
condition for best moving a sleep state of the user to a sleep
state of a reference sleep pattern with a corresponding
situation. In a situation where the current sleep state of the
user is the second stage of the NREM sleep state NREM2 in
first time t1 and where the sleep state of the reference sleep
pattern is the fourth stage of the NREM sleep state NREM4
in first time t1, a temperature condition may be determined
as a sleep environmental condition for best moving the sleep
state of the user to the fourth stage of the NREM sleep state
NREMA4. In this case, the control device 150 may match and
store current sleep state NREM?2 of the user and sleep state
NREM4 of the reference sleep pattern with a sleep envi-
ronmental condition (temperature).

[0119] The control device 150 may continuously deter-
mine whether a sleep environmental condition matched and
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stored with a specific situation is a desired (or, alternatively,
an optimum) condition and may update the stored sleep
environmental condition.

[0120] In operation S150, the control device 150 may
select one or more of the home devices 140 based on the
determined sleep environmental condition. For example, if
temperature is determined as a sleep environmental condi-
tion, the control device 150 may select an air conditioner or
a pillow. If light is determined as a sleep environmental
condition, the control device 150 may select a lamp or a
curtain.

[0121] For example. if there are a plurality of home
devices 140 for adjusting the same sleep environmental
condition, the control device 150 may select the proper
home device 140 according to preference of the user. Fur-
ther, the control device 150 may select the home device 140
in consideration of various elements such as a health con-
dition of the user, a current time, and power usage of the
home device 140.

[0122] In operation S160, the control device 150 may
transmit a control command to the selected ones of the home
devices 140 to control an operation of the selected ones of
the home devices 140. For example, if a sleep environmental
condition arrives at a targeted sleep environmental condition
value, the control device 150 may control an operation of the
home device 140 to maintain the environmental condition.
[0123] The control device 150 may control one or more of
the home devices 140 based on sleep time information of the
user.

[0124] FIG. 13 is a flowchart illustrating an example of
controlling a lamp and a speaker based on sleep time
information at a control device according to an example
embodiment of the inventive concepts.

[0125] Referring to FIG. 13, the control device 150 may
control the home device 140 based on sleep time informa-
tion.

[0126] In operation S210, the control device 150 may
obtain sleep time information. The control device 150 may
obtain the sleep time information from an alarm time set by
the user.

[0127] In operations S220 and S230, if a current time is
within a desired (or, alternatively, a predetermined) time
relative to the alarm time, the control device 150 may turn
on a lamp and may adjust brightness of light. The control
device 150 may guide a sleep state of the user to a light sleep
state through control of the lamp.

[0128] In operation S240, if the current time is the alarm
time, the control device 150 may output an alarm sound via
a speaker. For example, the control device 150 may output
an alarm sound via a sensing device 110 which is worn on
the user or a separate speaker.

[0129] FIG. 14 is a block diagram illustrating a configu-
ration of a control device of FIG. 2. Referring to FIGS. 2 and
14, a control device 150 may include a user interface 152, a
transceiver 153, a processor 154, a memory 155, and a
display 156. The control device 150 may be implemented as
a device which relays information exchange between a
mobile device, such as a smartphone, and a home device
140, such as a home gateway, and an external Internet
network.

[0130] The user interface 152 may detect a user input and
may transmit an input signal corresponding to the user input
to the processor 154. The user interface 152 may include a
keypad, a touch pad, a jog switch, a dome switch, a
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microphone, and the like. The control device 150 may obtain
sleep related information, such as a value of sleep quality, an
alarm time, and information about a preferred home device,
via the user interface 152 from a user. The user interface 152
may detect a touch or voice of the user to obtain sleep related
information from him or her.

[0131] The transceiver 153 may transmit a signal gener-
ated by the control device 150 or may receive an external
signal. The control device 150 may communicate with a
sensing device 110 or an external server (not shown) and a
home device 140 via the transceiver 153. The transceiver
153 may exchange data with the outside using communica-
tion technology such as wireless local area network
(WLAN), wireless-fidelity Zigbee, Bluetooth, Bluetooth
low energy (BLE), wireless broadband (Wibro), world
interoperability for microwave access (Wimax), or high
speed downlink packet access (HSDPA),

[0132] For example, the transceiver 153 may receive bio-
metric information of the user, measured by the sensing
device 110, or sleep related information of the user, input to
the sensing device 110. The transceiver 153 may receive
sleep environment information detected by the home device
140 or state information of the home device 140. For
example, the transceiver 153 may receive temperature infor-
mation of a room, detected by an air conditioner, fault
information of the air conditioner, or the ike,

[0133] The transceiver 153 may transmit a control com-
mand for changing a sleep environmental condition to the
home device 140. The transceiver 153 may transmit a value
of sleep quality of the user, analyzed by the control device
150, sleep state information, reference sleep pattern infor-
mation, operation information about the home device 140,
and the like to the sensing device 110 or a user terminal such
as a smartphone.

[0134] The processor 154 may include a Central Process-
ing Unit (CPU), a controller, an arithmetic logic unit (ALU),
a digital signal processor, a microcomputer, a field program-
mable gate array (FPGA), an Application Specific Integrated
Circuit (ASIC), a System-on-Chip (SoC), a programmable
logic unit, a microprocessor, or any other device capable of
performing operations in a defined manner.

[0135] The processor 154 may be configured, through a
layout design and/or execution of computer readable instruc-
tions stored in the memory 155, as a special purpose
computer to analyze a current sleep state of a user based on
biometric information associated with the user, and selec-
tively control one or more of the home devices based on the
current sleep state of the user. Therefore, the processor 154
may improve the functioning of the control device 130, 150
of an IoT system itself by allowing the control device 130,
150 to improve sleep quality of the user by adjusting a sleep
environment based on real time characteristics and environ-
ment of the particular user.

[0136] The processor 154 may control each element of the
control device 150. The processor 154 may generate a
control command for an operation of the home device 140.
For example, the processor 154 may receive sleep related
information, such as a value of sleep quality, an alarm time,
and information about a preferred home device, from the
user interface 152 and may generate a control command for
changing a sleep environmental condition. The processor
154 may generate a control command for changing a sleep
environmental condition using biometric information of the
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user, received via the transceiver 153. The processor 154
may transmit the control command to the home device 140
via the transceiver 153.

[0137] The processor 154 may generate a sleep pattern
based on information collected via the user interface 152 and
the transceiver 153 and may analyze a sleep state of the user.
The processor 154 may store sleep patterns generated in
various situations and sleep state information in the memory
155. The processor 154 may generate a plurality of sleep
patterns corresponding to respective situations suitable for
the user through machine learning. The processor 154 may
determine a reference sleep pattern suitable for a situation of
the user among a plurality of stored sleep patterns. For
example, as shown in FIG. 8, the processor 154 may
determine a reference sleep pattern in consideration of sleep
time information, basic information of the user, and the like.
The processor 154 may compare the determined reference
sleep pattern with analyzed sleep state information of the
user to determine whether to control the home device 140.
[0138] If the reference sleep pattern is different from a
current sleep state of the user, the processor 154 may
determine a sleep environmental condition to be changed.
For example, the processor 154 may determine a desired (or,
alternatively, an optimum) sleep environmental condition
for moving a current sleep state of the user to a sleep state
of the reference sleep pattern through machine learning. The
processor 154 may select the home device 140 which may
change the determined sleep environmental condition. The
processor 154 may select the home device 140 in consider-
ation of various elements, such as a health condition of the
user, a current time, and power usage, among the plurality of
home devices 140 which may change the determined sleep
environmental condition.

[0139] The processor 154 may generate a value of sleep
quality from biometric information of the user, received
from the transceiver 153. For example, the processor 154
may calculate a stress level during sleep of the user using
information such as HRV or GSR. The processor 154 may
transmit a value for sleep quality, such as the calculated
stress level, as sleep feedback information to the sensing
device 110 or a user terminal. Further, the processor 154 may
output sleep feedback information including a value of sleep
quality on the display 156.

[0140] The memory 155 may store data which is received
or generated by the control device 150. The memory 155
may store sleep related information and biometric informa-
tion, received from the user interface 152 or the transceiver
153. The memory 155 may store a sleep pattern generated by
the processor 154 and sleep state information of the user.
The memory 155 may store a reference sleep pattern deter-
mined by the processor 154. The memory 155 may match a
desired (or, alternatively, an) optimum sleep pattern for a
specific situation with a condition of the situation and may
store the matched information in the form of metadata. For
example, as shown in FIG. 8, the memory 155 may store
sleep pattern information matched with a condition such as
a sleep time and basic information of the user.

[0141] The memory 155 may store sleep environmental
condition information according to a reference sleep pattern
and a sleep state of the user in the form of metadata. For
example, if a reference sleep pattern is a fourth stage
NREM4 of an NREM sleep state and if a sleep state of the
user is a REM sleep state, the memory 155 may match and
store information about a desired (or, alternatively, an opti-
mum) environmental condition to change the sleep state of
the user to the fourth stage of the NREM sleep state NREM4
with the state information.

[0142] The memory 155 may be implemented as at least
one type of a storage medium among a flash memory, a hard
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disc, a secure digital (SD) card memory, an extreme digital
(XD) card memory, a random access memory (RAM), a
static RAM (SRAM), a read-only memory (ROM), an
electrically erasable programmable ROM (EEPROM), a
programmable ROM (PROM), a magnetic memory, a mag-
netic disc, and an optical disc.

[0143] The display 156 may display information pro-
cessed by the control device 150. The display 156 may
display a value of sleep quality of the user, operation
information about the home device 140, a reference sleep
pattern, sleep state information, and the like. The user may
verify items managed for a deep sleep from information
displayed on the display 156.

[0144] The control device 150 of FIG. 14 may obtain
biometric information of the user, detected from the separate
sensing device 110 through the transceiver 153. However,
the control device according to example embodiments of the
inventive concepts are not limited thereto. The control
device according to example embodiments of the inventive
concepts may further include a sensor (not shown) for
sensing biometric information of the user. The sensor may
transmit biometric information of the user to the processor
154. The control device including the sensor may be a
wearable device worn or attached to a body of the user.
[0145] FIG. 15 is a block diagram illustrating an example
of a home device control system according to an example
embodiment of the inventive concepts,

[0146] Referring to FIGS. 14 and 15, the home device
control system may include a wearable device 210, a mobile
device 220, a home gateway 230, and a home device 240.
The wearable device 210 may detect biometric information
of the user from sensors worn or attached to his or her body.
For example, the wearable device 210 may be a smart band
or a smart watch.

[0147] The mobile device 220 may include a function of
a control device 150. The mobile device 220 may perform a
function of the control device 150 through a micro controller
unit (MCU). The MCU may include an application proces-
sor (AP), a memory, a communication module, and the like
of a smartphone and may be configured as one chip. A
control signal for the home device 240, generated by the
MCU, may be transmitted to the home gateway 230. The
home gateway 230 may control an operation of the home
device 240 based on the control signal received from the
mobile device 220.

[0148] The mobile device 220 may include an application
for providing the convenience of managing a sleep environ-
ment of the user. The mobile device 220 may receive sleep
related information, such as a value of sleep quality, an
alarm time, basic information of a user, and information
about a preferred home device, through the application from
the user. The mobile device 220 may provide a value of sleep
quality, operation information of the home device 240, a
reference sleep pattern, sleep state information, and the like,
analyzed by the mobile device 220, to the user through the
application.

[0149] The home gateway 230 may receive a control
command for the home device 240 from the mobile device
220 and may control the home device 240. The home
gateway 230 may receive a control command and may
convert the received control command to a signal finally
recognizable by the home device 240, thus transmitting the
converted signal to the home device 240. The home gate way
230 may play a relay role between the mobile device 220
and the home device 240, and a control of the home gateway
230 may process data necessary for a relay process.
[0150] The home device 240 may receive a control com-
mand from the home gateway 230 and may process and
execute the received command. The home device 240 may



US 2018/0359112 Al

include a speaker, a lamp, an air conditioner, a humidifier, a
bed, a curtain, and the like. The home device 240 may adjust
a sleep environment, such as a sound, light, temperature,
humidity, and a wind, for having an influence on sleep of the
user. The home device 240 may detect a sleep environmental
element and may transmit information about a sleep envi-
ronment to the home gateway 230.

[0151] The apparatus and method for controlling the home
device may enhance sleep quality of the user by adjusting his
or her sleep environment using the sensing device 110 which
may be easily worn on the user. Further, according to
example embodiments of the inventive concepts, the appa-
ratus and method for controlling the home device may
provide a desired (or, alternatively, an optimum) sleep
environment to the user by generating sleep patterns suitable
for various situations of the user.

[0152] According to example embodiments of the inven-
tive concepts, the home device control device and the
operation method thereof may enhance sleep quality of the
user. Thus, the home device control device and the operation
method thereof may provide a desired (or, alternatively, an
optimum) sleep environment to the user.

[0153] While example embodiments of the inventive con-
cepts have been described with reference to some example
embodiments, it will be apparent to those skilled in the art
that various changes and modifications may be made with-
out departing from the spirit and scope of the inventive
concepts. Therefore, it should be understood that the above
example embodiments are not limiting, but illustrative.

What is claimed is:

1. A method of operating a control device for controlling
a home device, the method comprising:

determining a reference sleep pattern among a plurality of

sleep patterns based on one or more of sleep time
information associated with a user and basic informa-
tion associated with the user;

analyzing a current sleep state of the user based on

biometric information of the user;

comparing the reference sleep pattern with the current

sleep state;

determining a sleep environmental condition when the

reference sleep pattern is different from the current
sleep state; and

controlling the home device based on the sleep environ-

mental condition.

2. The method of claim 1, wherein the biometric infor-
mation includes at least one or more of (i) a skin temperature
detected from the user, (ii) heart rate variability (HRV) of the
user, (iii) movement of the user, (iv) a sound generated by
the user, and (v) skin impedance of the user.

3. The method of claim 2, further comprising:

calculating a value of sleep quality of the user based on

the biometric information; and

generating the plurality of sleep patterns based on the

value of the sleep quality of the user.

4. The method of claim 3, wherein the biometric infor-
mation includes the skin impedance of the user such that the
calculating calculates the value of the sleep quality of the
user based on the skin impedance of the user.

5. The method of claim 1, further comprising:

collecting the sleep time information based on an alarm

time of the user, wherein
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the basic information includes one or more of a gender,
an age, a health condition, and a body characteristic
of the user.

6. The method of claim 1, wherein the sleep environmen-
tal condition includes one or more of a temperature, a light,
a sound, a humidity, a wind, a height of a pillow, a
temperature of the pillow, an incline of a bed, a shake of the
bed, and wherein

the controlling controls the home device to change the

sleep environmental condition.

7. The method of claim 1, wherein

the determining the sleep environmental condition

includes collecting an alarm time of the user from the
user, and

the controlling the home device includes,

controlling a lamp of the home device when a current
time is within a set range of time from the alarm
time; and

controlling a speaker of the home device at the alarm
time.

8. The method of claim 1, wherein each of the plurality of
sleep patterns includes sleep state information changed over
time, and wherein

the comparing includes determining whether the current

sleep state is equal to a reference sleep state of the
reference sleep pattern.

9. A control device, comprising:

a memory configured to store a plurality of sleep patterns;

and

a processor configured to,

determine a reference sleep pattern among a plurality of
sleep patterns based on one or more of sleep time
information associated with a user and basic infor-
mation associated with the user;

analyze a current sleep state of a user based on bio-
metric information of the user,

compare the reference sleep pattern with the current
sleep state,

determine a sleep environmental condition when a
reference sleep state of the reference sleep pattern is
different from the current sleep state of the user, and

control a home device based on the sleep environmen-
tal condition.

10. The control device of claim 9, wherein the biometric
information includes at least one or more of (i) a skin
temperature detected from the user, (ii) heart rate variability
(HRV) of the user, (iii) movement of the user. (iv) a sound
generated by the user, and (v) skin impedance of the user.

11. The control device of claim 10, wherein the processor
is configured to,

calculate a value of sleep quality of the user based on the

biometric information,

generate the plurality of sleep patterns based on the value

of the sleep quality of the, and

store the plurality of sleep patterns in the memory.

12. The control device of claim 11, wherein the biometric
information includes the skin impedance of the user such
that the processor is configured to calculate the value of the
sleep quality of the user based on the skin impedance of the
user.

13. The control device of claim 9, wherein the processor
is configured to collect the sleep time information based on
an alarm time of the user, and wherein
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the basic information includes one or more of a gender, an
age, a health condition, and a body characteristic of the
user.

14. The control device of claim 9, wherein each of the
plurality of sleep patterns includes sleep state information
changed over time, and wherein

the processor is configured to compare the reference sleep
pattern with the current sleep state of the user by
determining whether the current sleep state is equal to
the reference sleep state of the reference sleep pattern.

15. The control device of claim 9, further comprising:

a sensor configured to sense the biometric information,
and to transmit the biometric information to the pro-
cessor, wherein
the control device is configured to attach o a body of the

user.

16. The control device of claim 9, further comprising:

a transceiver configured to receive the biometric infor-
mation from an external sensing device, and to transmit
the biometric information to the processor.

17. A control device, comprising:

a sensor configured to sense biometric information of a
user;

a memory configured to store a plurality of sleep patterns;
and

a processor configured to,
determine a reference sleep pattern among a plurality of

sleep patterns based on one or more of sleep time
information associated with the user and basic infor-
mation associated with the user,
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analyze a current sleep state of the user based on the
biometric information of the user,

compare the reference sleep pattern with the current
sleep state,

determine a sleep environmental condition when the
reference sleep state is different from the current
sleep state of the user, and

control the home device based on the sleep environ-
mental condition.

18. The control device of claim 17, wherein the processor
is configured to collect the sleep time information based on
an alarm time of the user, and wherein

the basic information includes one or more of a gender, an

age, a health condition, and a body characteristic of the
user.

19. The control device of claim 17, wherein each of the
plurality of sleep patterns includes sleep state information
changed over time, and wherein

the processor is configured to compare the reference sleep

pattern with the current sleep state of the user by
determining whether the current sleep state is equal to
the reference sleep state of the reference sleep pattern

20. The control device of claim 17, wherein the processor
is configured to,

calculate a value of sleep quality of the user based on the

biometric information,

generate the plurality of sleep patterns based on the value

of the sleep quality of the, and

store the plurality of sleep patterns in the memory.
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