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FIG. 6
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FIG. 11
103 2010 200
HOUSE BIOLOGICAL
CONTROLLER SENSOR DEVICE
|
$521 [ SENDNOTIFICATION
r—/
8522 € OF SLEEP STATE
UPDATE DEVICE
MANAGEMENT INFORMATION
S523—
ity
| 5524 o
852
SET UPPER-LIMIT VALUE
’ 5526
REQUEST SLEEP STATE 5531
5532
P SEND RESPONSE
WITH SLEEP STATE
3541
O~y 554
SOUND VOLUME CONTROL




Patent Application Publication  Oct. 31,2019 Sheet 10 of 27  US 2019/0332351 Al

FIG. 12

START
5601

RECEIVE REQUEST FOR
SETTING UPPER-LIMIT VALUE

v SH0
SET UPPER-LMIT VALUE

poEs L

CURRENT SOUND
VOLUME SETTING EXCEED
UPPER-LIMIT
VALUE?

B sp04

MILDLY REDUCE SOUND VOLUME
SETTING TO UPPER-LIMIT VALUE

t‘ 5605

TRANSMIT RESPONSE

END



Patent Application Publication  Oct. 31,2019 Sheet 11 of 27  US 2019/0332351 Al

FIG. 13
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FIG. 15
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FIG. 18
1800
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FIG. 20
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FIG. 22
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FIG. 24
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FIG. 25
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CONTROL METHOD, CONTROLLER, AND
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 15/419,108, filed on Jan. 30, 2017,
which claims priority to Japanese Application No.: 2016-
025036, filed on Feb. 12, 2016, the entire disclosures of
which Applications are incorporated by reference herein.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to control methods,
controllers, and devices which limit operation of a device for
use by a non-sleeper in accordance with a sleeper’s state.

2. Description of the Related Art

[0003] A certain number of people think that a couple
desirably sleep in the same bedroom for use by the couple
in view of communications and caring. However, there is a
problem that household sound generated by one person in a
couple may interfere with sleep of the other due to a
difference in life rhythm.

[0004] For example, when one is sleeping while the other
desires to enjoy music by using an audio device or the like
for relaxation before sleeping, sleeper’s sleep may be inter-
rupted.

[0005] Japanese Unexamined Patent Application Publica-
tion No. 2015-15159 discloses a bedroom environment
generation system including shielding blinds, a directional
loudspeaker, and range-selective illuminating means
capable of selectively irradiating illumination light only to
any one person and allowing video and music enjoyment in
consideration of a sleeper.

SUMMARY

[0006] However, the related art described above requires
further improvements.

[0007] Inone general aspect, the techniques disclosed here
feature a method of controlling a device located in a pre-
determined space, the method including: obtaining sleep
information of a person present in a first space from a
biological sensor disposed in the first space, the sleep
information indicating a sleep state of the person and the first
space includes a first device; determining, by a processor, a
first sound volume to be set for the first device based on the
obtained sleep information and a first database indicating a
correspondence between the sleep state and a target sound
volume of a corresponding device, the target sound volume
of the corresponding device being a predetermined sound
volume which does not awake a sleeping person at the sleep
state and still be heard by an awake person; and transmitting,
to the first device, a first command for setting the first sound
volume in the first device as a sound volume upper-limit
value.

[0008] These general and specific aspects may be imple-
mented using a system, a method, and a computer program,
and any combination of systems, methods, and computer
programs.

[0009] According to the present disclosure, a device can
be used by a non-sleeper without awaking a sleeper.

Oct. 31,2019

[0010] Additional benefits and advantages of the disclosed
embodiments will become apparent from the specification
and drawings. The benefits and/or advantages may be indi-
vidually obtained by the various embodiments and features
of the specification and drawings, which need not all be
provided in order to obtain one or more of such benefits
and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram of an overview of service to be
provided by a device control system in the present embodi-
ments;

[0012] FIG. 2 is a diagram of an example in which a
device manufacturer corresponds to a data center operating
company in the present embodiments;

[0013] FIG. 3 is a diagram of an example in which either
one or both of the device manufacturer and a management
company correspond to the data center operating company
in the present embodiments;

[0014] FIG. 4 is a diagram of structure of a device control
system according to a first embodiment;

[0015] FIG. 5 is a diagram of an example of device
management information in a device database;

[0016] FIG. 6 is a diagram of an example of soundproof
performance information in a room database;

[0017] FIG. 7 is a diagram of an example of limitation
information stored in a storage unit;

[0018] FIG. 8 is a diagram of structure of the device
control system using a radio sensor in the first embodiment;
[0019] FIG. 9 is a diagram of an example of updated
device management information in the device database;
[0020] FIG. 10 is a diagram of an initial operation
sequence of the device control system in the first embodi-
ment;

[0021] FIG. 11 is a diagram of a normal operation
sequence of the device control system in the first embodi-
ment;

[0022] FIG. 12 is a flowchart of details of an upper-limit
value setting process in a device;

[0023] FIG. 13 is a flowchart of details of a sound volume
control process in the device;

[0024] FIG. 14 is a flowchart of details of an upper-limit
value updating process in a house controller;

[0025] FIG. 15 is a flowchart of details of a sound volume
control process different in procedure from those in FIG. 13;
[0026] FIG. 16 is a flowchart of details of an upper-limit
value setting process different in procedure from those in
FIG. 12;

[0027] FIG. 17 is a diagram of structure of a device control
system in a second embodiment;

[0028] FIG. 18 is a diagram of an example of log infor-
mation in a log database;

[0029] FIG. 19 is a diagram of device management infor-
mation when soundproof performance information is not
corrected;

[0030] FIG. 20 is a diagram of corrected soundproof
performance information in a room database;

[0031] FIG. 21 is a diagram of device management infor-
mation when the soundproof performance information is
corrected;

[0032] FIG. 22 is a diagram of a normal operation
sequence of the device control system in the second embodi-
ment;
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[0033] FIG. 23 is a diagram of structure of a device control
system in a third embodiment;

[0034] FIG. 24 is a diagram of an initial operation
sequence of the device control system in the third embodi-
ment;

[0035] FIG. 25 is a diagram of an example of a message
displayed on a video display unit;

[0036] FIG. 26 is a diagram of an overview of service to
be provided by the device control system in a service type
1 (in-house data center type cloud service);

[0037] FIG. 27 is a diagram of an overview of service to
be provided by the device control system in a service type
2 (IaaS use type cloud service);

[0038] FIG. 28 is a diagram of an overview of service to
be provided by the device control system in a service type
3 (PaaS use type cloud service); and

[0039] FIG. 29 is a diagram of an overview of service to
be provided by the device control system in a service type
4 (SaaS use type cloud service).

DETAILED DESCRIPTION

(Underlying Knowledge Forming Basis of the Present
Disclosure)

[0040] In studies of human sleep, influences on sleep by
heat, sound, and light environment before and during sleep-
ing have been revealed, and air conditioner control, lighting
device control, and so forth suitable for sleep have been
considered.

[0041] On the other hand, in consideration of a house
where a plurality of persons in a family are living, each life
rhythm is different, and it is rare that all persons simulta-
neously go to bed and get out of bed. Therefore, household
noise of a non-sleeper may interfere with sleeper’s sleep.
Thus, the non-sleeper cares about the sleeper, and tries to act
so as not to make household noise as little as possible.
However, it is difficult to determine the sleeper’s state, and
the non-sleeper may restrict his or her activity more than
required. Thus, there is a need to easily know the sleeper’s
state to act as freely as possible. In Japanese Unexamined
Patent Application Publication No. 2015-15159, technical
solutions for satisfying this need are not sufficiently studied.
[0042] From the above considerations, the inventor has
conceived disclosures of aspects according to the present
disclosure as follows.

[0043] (1) A first aspect of the present disclosure is
directed to a method of controlling a device located in a
predetermined space, the method including: obtaining sleep
information of a person present in a first space from a
biological sensor disposed in the first space, the sleep
information indicating a sleep state of the person and the first
space includes a first device; determining, by a processor, a
first sound volume to be set for the first device based on the
obtained sleep information and a first database indicating a
correspondence between the sleep state and a target sound
volume of a corresponding device, the target sound volume
of the corresponding device being a predetermined sound
volume which does not awake a sleeping person at the sleep
state and still be heard by an awake person; and transmitting,
to the first device, a first command for setting the first sound
volume in the first device as a sound volume upper-limit
value.

[0044] According to this aspect, the upper-limit value of
the sound to be outputted from the device is set at a value
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which allows sleeper’s sleep to be kept and allows the use
of the device by a non-sleeper to be continued. Therefore,
the non-sleeper can use the device without concern for the
sleep state of the sleeper. Also, it is possible to prevent
sleeper’s sleep from being interrupted.

[0045] (2) In the first aspect, the first database may further
indicate a correspondence between the sleep state and a
target illuminance level of the corresponding device, and the
method may further including: determining, by the proces-
sor, a first illuminance level of the first device based on the
obtained sleep information and the first database, and trans-
mitting, to the first device, a second command for setting the
first illuminance level in the first device as an illuminance
upper-limit value, the target illuminance level of the corre-
sponding device being a predetermined illuminance level
which does not awake the sleeping person at the sleep state
while providing visibility for the awake person.

[0046] According to this aspect, the upper-limit value of
lighting of the device is set at a value which allows sleeper’s
sleep to be kept and allows the use of the device by a
non-sleeper to be continued. Therefore, the non-sleeper can
use the device without concern for the sleep state of the
sleeper. Also, it is possible to prevent sleeper’s sleep from
being interrupted.

[0047] (3) In the first aspect, the method may further
include: determining, by the processor, a second sound
volume of a second device located in a second space based
on the obtained sleep information, the first database, and a
second database indicating a reduction amount of sound
when the sound is transmitted from the second space to the
first space, the second sound volume being smaller than the
first sound volume; and transmitting, to the second device,
a third command for setting the second sound volume in the
second device as a sound volume upper-limit value.
[0048] According to this aspect, it is possible to decide, as
an upper-limit value of the sound volume of the device, a
value in accordance with soundproof performance between
a room where the device is installed and a room where a
sleeper is present.

[0049] (4) In the first aspect, the biological sensor may be
attached to the person.

[0050] (5) In the first aspect, the first space may include a
bedroom.
[0051] (6) In the first aspect, the biological sensor may

include a vibration sensor installed in a bedding disposed in
the bedroom.

[0052] (7) In the first aspect, the biological sensor may
include a radio sensor inside a bedding disposed in the
bedroom or installed in a predetermined range from the
bedding.

[0053] (8) In the first aspect, the biological sensor may
measure a body motion, a respiration rate, and a heart rate
of the person, and the sleep information may be calculated
based on a number of times the person turns-over per unit
time calculated from the body motion, the respiration rate of
the person, and the heart rate of the person.

[0054] (9) In the first aspect, the method further include:
storing sleep log information in a memory, the sleep log
information indicating a correspondence between the sleep
state and a corresponding date, storing operation log infor-
mation in the memory, the operation log information indi-
cating a correspondence between a history of changing a
sound volume of the first device and a corresponding date,
determining, by the processor, based on the sleep log infor-
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mation and the operation log information, whether the sleep
state indicated in the sleep information becomes shallow
after increasing the sound volume of the first device, and
correcting the first database when it is determined by the
processor that the sleep state indicated in the sleep infor-
mation becomes shallow a predetermined number of times
or more after the increasing the sound volume of the first
device.

[0055] According to this aspect, it is possible to prevent
sleeper’s sleep from becoming shallow when the sound
volume of the device is changed.

[0056] (10) In the first aspect, the method may further
include: storing sleep log information in a memory, the sleep
log information indicating a correspondence between the
sleep state and a corresponding date; storing operation log
information in the memory, the operation log information
indicating a correspondence between a history of increasing
a sound volume of the second device and a corresponding
date; determining, based on the sleep log information and
the operation log information, whether the sleep state indi-
cated in the sleep information becomes shallow after
increasing the sound volume of the second device; and
correcting the second database when it is determined by the
processor that the sleep state indicated in the sleep infor-
mation becomes shallow a predetermined number of times
or more after the increasing the sound volume of the second
device.

[0057] According to this aspect, it is possible to prevent
sleeper’s sleep from becoming shallow when the sound
volume of the device is changed.

[0058] (11) A second aspect of the present disclosure is
directed to a method of controlling a device included in a
predetermined space, the method including: receiving, from
a processor, a first command for setting a first sound volume
in the device as a sound volume upper-limit value; and
setting, by the processor, the first sound volume as the sound
volume upper-limit value in the device, wherein the first
sound volume is determined by the processor based on a
database and sleep information of a person present in the
predetermined space, the sleep information being obtained
from a biological sensor disposed in the predetermined
space, the sleep information indicates a sleep state of the
person, the database indicates a correspondence between the
sleep state and a target sound volume of a corresponding
device, and the target sound volume of the corresponding
device is a predetermined sound volume which does not
awake a sleeping person at the sleep state and still be heard
by an awake person.

[0059] According to this aspect, the upper-limit value of
the sound to be outputted from the device is set at a value
which allows sleeper’s sleep to be kept and allows the use
of the device by a non-sleeper to be continued. Therefore,
the non-sleeper can use the device without concern for the
sleep state of the sleeper. Also, it is possible to prevent
sleeper’s sleep from being interrupted.

[0060] (12) In the second aspect, the method may further
include: receiving, from the processor, a second command
for setting a first illuminance level in the device as an
illuminance upper-limit value; and setting the first illumi-
nance level in the device as the illuminance upper-limit
value, wherein the database may further indicate a corre-
spondence between the sleep state and a target illuminance
level of a corresponding device, the first sound volume may
be determined by the processor based on the sleep informa-
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tion and the database, and the target illuminance level of the
corresponding device may be a predetermined illuminance
level which does not awake the sleeping person at the sleep
state while providing visibility for the awake person.
[0061] According to this aspect, the upper-limit value of
lighting of the device is set at a value which allows sleeper’s
sleep to be kept and allows the use of the device by a
non-sleeper to be continued. Therefore, the non-sleeper can
use the device without concern for the sleep state of the
sleeper. Also, it is possible to prevent sleeper’s sleep from
being interrupted.

[0062] (13) In the second aspect, the method may further
include: determining, by the processor, whether a second
sound volume, which is a current sound volume of the
device, exceeds the first sound volume; and causing the
device to output sound at the first sound volume when it is
determined that the second sound volume exceeds the first
sound volume.

[0063] According to this aspect, when the sound volume
outputted from the device exceeds the upper-limit value, the
sound volume is changed to the upper-limit value. There-
fore, it is possible to prevent sleeper’s sleep from being
interrupted.

[0064] (14) In the second aspect, the method may further
include changing a sound volume of the device from the
second sound volume to the first sound volume at a prede-
termined rate of change in a stepwise manner.

[0065] According to this aspect, the sound volume out-
putted from the device is mildly decreased to be changed to
the upper-limit value. Therefore, it is possible to prevent
sleeper’s sleep from being interrupted.

[0066] (15) In the second aspect, the method may further
include changing a sound volume of the device to the first
sound volume or lower at a predetermined rate of change in
a stepwise manner.

[0067] According to this aspect, the sound volume out-
putted from the device is mildly decreased to be changed to
the upper-limit value. Therefore, it is possible to prevent
sleeper’s sleep from being interrupted.

[0068] (16) In the second aspect, the method may further
include: determining, by the processor, whether a second
sound volume, which is a current sound volume of the
device, exceeds the first sound volume; and when it is
determined that the second sound volume exceeds the first
sound volume and the device can replay contents including
video and sound with subtitles, causing the device to replay
the contents at the first sound volume with the subtitles.
[0069] According to this aspect, even if the sound volume
outputted from the device is decreased to the upper-limit
value (first sound volume), a decrease in sound volume can
be compensated with subtitles.

[0070] (17) In the second aspect, the device may include
a display, and the method may further include: determining
whether a second sound volume, which is a current sound
volume of the device, exceeds the first sound volume; and
causing a notification prompting for decreasing a sound
volume of the device in a stepwise manner to be displayed
on the display when it is determined that the second sound
volume exceeds the first sound volume.

[0071] According to this aspect, it is possible to cause the
non-sleeper to mildly decrease the sound volume of the
device, thereby preventing sleeper’s sleep from being inter-
rupted.
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[0072] In the following, embodiments of the present dis-
closure are described with reference to the drawing. Note
that the embodiments described below are each merely a
specific example of the present disclosure. Numerical val-
ues, shapes, components, steps, and a sequence of the steps
in the embodiments described below are merely examples,
and are not intended to restrict the present disclosure. Also,
among the components in the following embodiments, those
not described in independent claims representing a highest-
order concept are described as any compornents. Also, details
in all of the embodiments can be combined in any manner.

(Overview of Service to be Provided)

[0073] First, the overview of service to be provided by the
device control system in the present embodiments is
described.

[0074] FIG. 1 is a diagram of an overview of service to be
provided by a device control system in the embodiments.
The device control system includes a group 1100, a data
center operating company 1110, and a service provider 1120.
[0075] The group 1100 is a home such as, for example, a
separate house or multiple dwelling house, irrespectively of
the size. The group 1100 includes a plurality of devices 1101
including first to fourth devices, a plurality of sensors 1104
including first and second sensors, a house controller 1103,
and a home gateway 1102. The plurality of devices 1101
include a device connectable to the Internet (such as, for
example, smartphone, personal computer (PC), television,
or stereo) and a device unconnectable to the Internet by itself
(such as, for example, lighting device, washing machine, or
refrigerator). The plurality of devices 1101 may include a
device connectable to the Internet via the home gateway
1102 although unconnectable to the Internet by itself. Also,
a user 1010 uses the plurality of devices 1101 in the group
1100.

[0076] The data center operating company 1110 includes a
cloud server 1111. The cloud server 1111 is a virtual server
in cooperation with various devices via the Internet. The
cloud server 1111 mainly manages, for example, enormous
data (big data) that is difficult to handle by a normal database
management tool or the like. The data center operating
company 1110 performs management of data, management
of the cloud server 1111, operation of a data center which
performs these managements, and so forth. Details of ser-
vice performed by the data center operating company 1110
will be described further below.

[0077] Here, the data center operating company 1110 is
not limited to a company which only performs management
of data and management of the cloud server 1111. For
example, as depicted in FIG. 2, when a device manufacturer
which develops or manufactures one of the plurality of
devices 1101 performs management of data, management of
the cloud server 1111, or the like, that device manufacturer
corresponds to the data center operating company 1110.
Also, the data center operating company 1110 is not limited
to a single company. For example, as depicted in FIG. 3,
when a device manufacturer and a management company
perform management of data or management of the cloud
server 1111 in coordination with each other or in a distrib-
uted manner, either one or both correspond to the data center
operating company 1110.

[0078] The service provider 1120 includes a server 1121.
The server 1121 herein is irrespective of the size, and also
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includes, for example, a memory in a personal PC. Also, the
service provider 1120 may not include the server 1121.
[0079] Next, a flow of information in the above-described
device control system is described.

[0080] First, the first to fourth devices, the first and second
sensor, and the house controller 1103 of the group 1100 each
transmit log information to the cloud server 1111 of the data
center operating company 1110. The cloud server 1111
accumulates the log information of the first to fourth
devices, sensor information of the first and second sensors,
and logs of the house controller 1103 (an arrow 1131 in FIG.
1).

[0081] Here, the log information is information indicating,
for example, operation details, operating statuses, operation
date and time, and so forth of the plurality of devices 1101.
For example, the log information includes sound volume
operation history and viewing history of a television, video
recording timer information of a recorder, operation date and
time and amount of laundry of a washing machine, operation
history of a lighting device, open/close date and time of a
refrigerator, the number of times of opening and closing the
refrigerator, and so forth. However, the log information is
not restricted to these, and may include various information
obtainable from various devices.

[0082] Note that the log information may be provided
directly from the plurality of devices 1101 themselves via
the Internet to the cloud server 1111. Also, the log informa-
tion may be once accumulated in the house controller 1103
or the home gateway 1102 from the plurality of the devices
1101 and then provided from the house controller 1103 or
the home gateway 1102 to the cloud server 1111. Further-
more, sensor data of the plurality of sensors 1104 as log
information may also be provided to the cloud server 1111.
[0083] Next, the cloud server 1111 of the data center
operating company 1110 provides the accumulated log infor-
mation to the service provider 1120 in a certain unit. Here,
the certain unit may be a unit that can be provided to the
service provider 1120 by sorting out the information accu-
mulated by the data center operating company 1110 or a unit
requested by the service provider 1120. Also, while it is
described that the information is provided in the certain unit,
the information may be provided not in the certain unit, and
the information amount to be provided may be changed in
accordance with the situation. The log information is stored
as necessary in the server 1121 owned by the service
provider 1120 (an arrow 1132 in FIG. 1).

[0084] Then, the service provider 1120 sorts out the log
information into information suitable for the service to be
provided to the user, and provides the information to the user
or the house controller 1103. The user to whom the infor-
mation is provided may be the user 1010 who uses the
plurality of devices 1101 or an external user 1020.

[0085] As a method of providing the information to the
users 1010 and 1020, for example, the information may be
provided directly to the user 1020 from the service provider
1120 (arrows 1133 and 1134 in FIG. 1). Also, as a method
of providing the information to the user 1010, for example,
the information may be provided to the user 1010 via the
cloud server 1111 of the data center operating company 1110
again (arrows 1135 and 1136 in FIG. 1). Furthermore, the
cloud server 1111 of the data center operating company 1110
may sort out the log information into information suitable
for the service to be provided to the user and provide the
information to the service provider 1120.
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[0086] Note that the user 1010 may be different from or
identical to the user 1020.

First Embodiment

[0087] In a first embodiment, an example is described in
which a device which generates at least one of light and
sound is used as the device 1101, for example, a television
receiver (hereinafter simply referred to as a “television™), a
lighting device, or the like.

(Structure)

[0088] FIG. 4 is a block diagram schematically depicting
the structure of a device control system according to the first
embodiment of the present disclosure. As depicted in FIG. 4,
the device control system in the first embodiment includes a
biological sensor 2010, a device 2020, and the house con-
troller 1103.

[0089] The biological sensor 2010 includes a pressure-
sensitive sensor 2011, a body motion calculating unit 2012,
a respiratory calculating unit 2013, a heartbeat calculating
unit 2014, a sleep state determining unit 2015, and a
communication control unit 2016. The body motion calcu-
lating unit 2012, the respiratory calculating unit 2013, the
heartbeat calculating unit 2014, and the sleep state deter-
mining unit 2015 each include, for example, a central
processing unit (CPU) and a memory. The body motion
calculating unit 2012, the respiratory calculating unit 2013,
the heartbeat calculating unit 2014, and the sleep state
determining unit 2015 may not be restricted to include a
CPU, but may include other hardware which carries out the
same function.

[0090] The pressure-sensitive sensor 2011 is disposed in
contact with, for example, bedding. The pressure-sensitive
sensor 2011 detects fine vibrations of a person (sleeper). The
pressure-sensitive sensor 2011 outputs the detection result to
the body motion calculating unit 2012, the respiratory cal-
culating unit 2013, and the heartbeat calculating unit 2014.
[0091] Fine vibrations of the sleeper detected by the
pressure-sensitive sensor 2011 include vibrations due to
body motion (for example, turning over during sleeping) of
the sleeper, vibrations due to respiration of the sleeper, and
vibrations due to heartbeats of the sleeper, each having
different cycles.

[0092] The body motion calculating unit 2012 extracts
vibrations in a cycle corresponding to body motion (for
example, turning over during sleeping) of the sleeper from
the fine vibrations of the sleeper detected by the pressure-
sensitive sensor 2011, and calculates a body motion state
(for example, a turning-over count per minute) of the
sleeper.

[0093] The respiratory calculating unit 2013 extracts
vibrations in a cycle corresponding to respiration of the
sleeper from the fine vibrations of the sleeper detected by the
pressure-sensitive sensor 2011, and calculates a respiration
rate of the sleeper per minute.

[0094] The heartbeat calculating unit 2014 extracts vibra-
tions in a cycle corresponding to heartbeat of the sleeper
from the fine vibrations of the sleeper detected by the
pressure-sensitive sensor 2011, and calculates a heart rate of
the sleeper per minute.

[0095] The sleep state determining unit 2015 determines a
sleep state of the sleeper based on the calculation results of
the body motion calculating unit 2012, the respiratory cal-
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culating unit 2013, and the heartbeat calculating unit 2014.
As a sleep state of the sleeper, the sleep state determining
unit 2015 determines, for example, an absent state, an awake
state, a REM sleeping (REM) state, a non-REM sleep stage
1 (NREM1) state, a non-REM sleep stage 2 (NREM2) state,
a non-REM sleep stage 3 (NREM3) state, and a non-REM
sleep stage 4 (NREM4) state, in the present embodiment.
The sleep state determining unit 2015 notifies the house
controller 1103 of the sleep state of the sleeper via the
communication control unit 2016.

[0096] The device 2020 is included in the device 1101
(FIG. 1). The device 2020 is, for example, a television in the
present embodiment. The device 2020 includes a data pro-
cessing unit 2021, a video control unit 2022, a video display
unit 2023, an audio control unit 2024, an audio output unit
2025, a uvser interface (UI) control unit 2026, and a com-
munication control unit 2027. The data processing unit
2021, the video control unit 2022, and the audio control unit
2024 each include, for example, a CPU and a memory. The
data processing unit 2021, the video control unit 2022, and
the audio control unit 2024 may not be restricted to include
a CPU, but may include other hardware which carries out the
same function.

[0097] The data processing unit 2021 processes, for
example, a television multicast signal obtained via an
antenna, and extracts a video signal and an audio signal. The
data processing unit 2021 outputs the extracted video signal
to the video control unit 2022, and outputs the extracted
audio signal to the audio control unit 2024. Also, the data
processing unit 2021 communicates with the house control-
ler 1103 via the communication control unit 2027. The video
control unit 2022 uses the video signal inputted from the
data processing unit 2021 to cause video to be displayed on
the video display unit 2023. The video display unit 2023
includes, for example, a liquid-crystal display panel.
[0098] The Ul control unit 2026 includes a sound volume
button to be operated by the user. The Ul control unit 2026
accepts operation of the sound volume button by the user
and outputs an operation amount to the data processing umt
2021. The data processing unit 2021 outputs the operation
amount of the sound volume button inputted from the Ul
control unit 2026 to the audio control unit 2024. The audio
control unit 2024 uses an audio signal inputted from the data
processing unit 2021 and the operation amount of the sound
volume button to output audio from the audio output unit
2025. The audio output unit 2025 includes, for example, a
loudspeaker.

[0099] Note that the device 2020 is not restricted to the
television. The device 2020 may be, for example, a smart-
phone, personal computer (PC), tablet, or the like which
generates video (light) and sound, or may be a stereo which
generates sound only. For example, in the case of a device
not accompanied by video outputs, such as a stereo, the
device 2020 may not include the video display unit 2023 and
the video control unit 2022. Furthermore, the device 2020
may be, for example, a lighting device which generates only
light. For example, in the case of a lighting device, the
device 2020 may include an electric lamp and a lighting
control unit which controls a light amount of the electric
lamp, in place of the data processing unit 2021, the video
control unit 2022, the video display unit 2023, the audio
control unit 2024, and the audio output unit 2025.

[0100] While only one device 2020 as a television is
depicted in FIG. 4, as will be described further below, the
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device control system of the first embodiment includes a
plurality of devices 2020 such as a television, lighting
device, and so forth.

[0101] The house controller 1103 controls operation of the
devices 2020 connected to the same network. The house
controller 1103 includes a device control unit 2001, a storage
unit 2002, and a communication control unit 2008. The
device control unit 2001 includes an operation limiting umit
2003, a device managing unit 2004, and a room managing
unit 2006. The device control unit 2001 includes, for
example, a CPU and a memory. The device control unit 2001
may not be restricted to include a CPU, but may include
other hardware which carries out the same function. The
storage unit 2002 includes a device database (DB) 2005 and
a room DB 2007. The storage unit 2002 is configured of a
non-volatile memory, for example, a hard disk drive, flash
memory, or the like.

[0102] The device managing unit 2004 manages device
management information 500 (FIG. 5, which will be
described further below) stored in the device DB 2005. The
room managing unit 2006 manages soundproof performance
information 600 (FIG. 6, which will be described further
below) indicating soundproof performance between rooms
stored in the room DB 2007.

[0103] FIG. 5 is a diagram of an example of the device
management information 500 stored in the device DB 2005.
The device managing unit 2004 of the house controller 1103
uses the device management information 500 to manage the
devices including the device 2020 and the biological sensor
2010. The device managing unit 2004 uses information
transmitted from the devices 2020, the biological sensor
2010, and so forth to generate the device management
information 500. The device managing unit 2004 stores the
generated device management information 500 in the device
DB 2005. The device management information 500 includes
a device ID 501, an IP address 502, a device class 503, an
identifier 504, and properties 511 to 516.

[0104] The device ID 501 is a unique identifier which
specifies any of the devices including in the devices 2020
and the biological sensor 2010. The IP address 502 indicates
an address of a device when the house controller 1103
accesses the device on the network. The device class 503
indicates a name of a device. In FIG. 5, two “televisions”,
two “biological sensors”, and two “lighting devices” are
depicted as the device class 503. The identifier 504 is a
unique code provided to a device.

[0105] The property 511 indicates an installation location
of a device. The property 512 indicates an operation state
(ON or OFF) of a device. The property 513 indicates a
current sleep state or illuminance. The property 514 indi-
cates an illuminance upper limit being set. The property 515
indicates a current sound volume. The property 516 indi-
cates a sound volume upper limit being set.

[0106] Thehouse controller 1103 manages devices includ-
ing the devices 2020 such as a television and lighting device
and the biological sensor 2010 as abstraction objects. In the
abstraction object of each device, control information and so
forth are managed as properties. In this manner, the device
management information 500 is managed in units of prop-
erty. Thus, each of the properties 511 to 516 has a different
meaning for each device class 503.

[0107] For example, when the device class 503 is “sen-
sor”, the property 513 indicates a sleep state of a sensor’s
detection target (sleeper) (that is, the determination result of
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the sleep state determining unit 2015 of the biological sensor
2010). On the other hand, when the device class 503 is
“television” or “lighting device”, the property 513 indicates
illuminance. For example, when the device class 503 is
“television” or “lighting device”, the property 514 indicates
illuminance. When the device class 503 is “sensor”, the
property 514 does not contain information. For example,
when the device class 503 is “television”, the properties 515
and 516 each indicate a sound volume. On the other hand,
when the device class 503 is “sensor” or “lighting device”,
the properties 515 and 516 do not contain information.

[0108] The state indicated by the device management
information 500 of FIG. 5 is described. The television and
the lighting device with the property 511 (installation loca-
tion) being “1F living room” are “ON”. Therefore, it can be
thought that the television is viewed in the living room on
the first floor.

[0109] On the other hand, since the property 513 (sleep
state) of each of the device IDs 501 being “Sensor1” and
“Sensor2” indicates “absent”, it can be found that no sleeper
is present. Thus, the property 514 (illuminance upper limit)
and the property 516 (sound volume upper limit) are all set
as “MAX”. That is, in the device management information
500 of FIG. 5, no sleeper is present, and therefore neither
illuminance nor sound volume is limited.

[0110] FIG. 6 is a diagram of an example of the sound-
proof performance information 600 stored in the room DB
2007. The soundproof performance information 600 indi-
cates soundproof performance between rooms. In the sound-
proof performance information 600, room IDs 601 are
arranged in a row direction and a column direction, and
soundproof performance values 602 between rooms are
arrayed in a matrix.

[0111] In the soundproof performance information 600 of
FIG. 6, the soundproof performance value 602 between the
same rooms is set at “0 dB”. This means that no soundproof
performance can be achieved between the same rooms. In
FIG. 6, the soundproof performance value 602 between “2F
main bedroom” and “1F living room” is set at “~10 dB”.
This “~10 dB” means that the sound volume of the device
2020 of “1F living room” is decreased by 10 dB to reach “2F
main bedroom”.

[0112] An initial value of the soundproof performance
value 602 in the soundproof performance information 600
may be manually inputted by the user. The input of the
soundproof performance value 602 by the user may be in a
questionnaire form. The room managing unit 2006 uses the
input result by the user to generate soundproof performance
information 600 in a tabular form depicted in FIG. 6.

[0113] FIG. 7 is a diagram of an example of limitation
information 700 stored in the storage unit 2002. The limi-
tation information 700 includes a sleep state 701, a sound
volume limitation value 702, and an illuminance limitation
value 703. The sound volume limitation value 702 and the
illuminance limitation value 703 are set in advance so as to
correspond to the sleep state 701.

[0114] As depicted in FIG. 7, as a sleep state 701, the
limitation information 700 includes a sleep state NREM1, a
sleep state NREM2, a sleep state NREM3, and a sleep state
NREM4. Human sleep in the sleep state NREM1 is the
shallowest, human sleep gets deeper as the state becomes the
sleep state NREM2 and then the sleep state NREM3, and
human sleep in the sleep state NREM4 is the deepest.
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[0115] In FIG. 7, the sound volume limitation value is set
at 20 dB and the illuminance limitation value is set at 30 1x
so as to correspond to the sleep state NREM1; the sound
volume limitation value is set at 25 dB and the illuminance
limitation value is set at 30 Ix so as to correspond to the sleep
state NREM2; the sound volume limitation value is set at 30
dB and the illuminance limitation value is set at 40 Ix so as
to cotrespond to the sleep state NREM3; and the sound
volume limitation value is set at 40 dB and the illuminance
limitation value is set at 50 Ix so as to correspond to the sleep
state NREMA. In this manner, as sleep gets deeper, the sound
volume and illuminance limitation values are higher.
[0116] Also, the sound volume limitation value is set at 20
dB and the illuminance limitation value is set at 30 Ix so as
to correspond to a sleep state REM. Note that the sound
volume and illuminance limitation values depicted in FIG. 7
are merely examples. In the first embodiment, the sound
volume and illuminance limitation values are not restricted
to the numerical values depicted in FIG. 7, and other
numerical values may be used.

[0117] Referring back to FIG. 4, the operation limiting
unit 2003 of the device control unit 2001 uses the device
management information 500, the soundproof performance
information 600, and the limitation information 700 to set
sound volume and illuminance (light amount) upper-limit
values of the device 2020 each at a first value via the
communication control unit 2008. Functions of the opera-
tion limiting unit 2003 will be described in detail further
below.

[0118] Note that while biological sensor 2010 of FIG. 4
includes the pressure-sensitive sensor 2011 disposed in
contact with, for example, bedding, the structure of the
biological sensor 2010 in the present embodiment is not
restricted to the one depicted in FIG. 4.

[0119] FIG. 8 is a block diagram schematically depicting
the structure of the device control system including the
biological sensor 2010 in a structure different from that of
FIG. 4. The biological sensor 2010 of FIG. 8 includes a radio
sensor 2111 in place of a pressure-sensitive sensor.

[0120] The radio sensor 2111 transmits an electromagnetic
wave of, for example, a 24 GHz band, and receives the
electromagnetic wave reflected on a person (sleeper) to
detect fine vibrations (body motion of the sleeper). The radio
sensor 2111 may be installed in, for example, bedding. Note
that the radio sensor 2111 may be installed at a location away
from bedding, such as a ceiling.

[0121] Furthermore, in place of a pressure-sensitive sensor
or radio sensor, another sensor may be used. For example, an
acceleration sensor may be used to detect movement of the
sleeper. Alternatively, for example, a sensor with liquid
enclosed therein to detect vibrations of the sleeper based on
liquid fluctuation may be used. In short, any sensor may be
used as long as the sensor can detect body motion of the
sleeper as a vibration sensor. Note that the vibration sensor
may be attached to the person (sleeper).

[0122] Note that while the biological sensor 2010 includes
the body motion calculating unit 2012, the respiratory cal-
culating unit 2013, the heartbeat calculating unit 2014, and
the sleep state determining unit 2015 and a sleep state is
determined by the biological sensor 2010 and then the
determination result is transmitted from the biological sen-
sor 2010 to the house controller 1103 in the device control
systems of FIG. 4 and F1G. 8, the present embodiment is not
restricted to this structure.
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[0123] For example, the house controller 1103 may
include the body motion calculating unit 2012, the respira-
tory calculating unit 2013, the heartbeat calculating unit
2014, and the sleep state determining unit 2015. In this
structure, the biological sensor 2010 transmits detection data
of the pressure-sensitive sensor 2011 or the radio sensor
2111 to the house controller 1103 via the communication
control unit 2016. The house controller 1103 uses the
detection data transmitted from the biological sensor 2010 to
determine a sleep state.

[0124] Next, with reference to FIG. 9, the functions of the
operation limiting unit 2003 of the device control unit 2001
in the house controller 1103 are described. In the device
management information 500 of FIG. 5, since no sleeper is
present, neither illuminance nor sound volume is limited. By
contrast, in the first embodiment, if a sleeper is present, the
operation limiting unit 2003 limits the illuminance and
sound volume upper-limit values of the device 2020.
[0125] FIG. 9 is a diagram of an example of the device
management information 500 when both of a sleeper and a
non-sleeper are present, which is different from the device
management information 500 of FIG. 5. In the properties
513 to 516 in the device management information 500 of
FIG. 9, values changed from those in the device manage-
ment information 500 of FIG. 5 are underlined (except those
turned OFF).

[0126] In the device management information 500 of FIG.
9, in each device with the property 511 (installation location)
being “2F main bedroom”, the property 513 (sleep state)
with the device 1D 501 being “Sensorl” indicates
“NREM3”, and the property 513 (sleep state) with the
device ID 501 being “Sensor2” indicates “awake”. There-
fore, it is indicated that, of two persons in “2F main
bedroom”, one is a sleeper and the other is a non-sleeper.
[0127] Also, the property 512 (operation state) of each of
the television and the lighting device with the property 511
(installation location) being “2F main bedroom” indicates
“ON”. Therefore, it is indicated that, of two persons in “2F
main bedroom”, the non-sleeper is viewing television.
[0128] Thus, the operation limiting unit 2003 reads the
limitation information 700 (FIG. 7) stored in the storage unit
2002, and extracts “30 dB” as the sound volume limitation
value 702 and “40 Ix” as the illuminance limitation value
703 corresponding to the sleep state 701 being “NREM3”.
[0129] Also, the operation limiting unit 2003 reads the
soundproof performance information 600 (FIG. 6) stored in
the room DB 2007, and extracts “0 dB” as the soundproof
performance value 602 of “2F main bedroom” and “10 dB”
as the soundproof performance value 602 of “1F living
room” corresponding to the room ID 601 being “2F main
bedroom”.

[0130] The operation limiting unit 2003 sets the illumi-
nance limitation value 703 (FIG. 7) in the limitation infor-
mation 700 as an illuminance upper limit (property 514 of
FIG. 9) of the device 2020. That is, as depicted in FIG. 9, “40
Ix as the illuminance limitation value 703 (an example of
the first value) corresponding to the sleep state 701 being
“NREM3” is set as illuminance upper limits (property 514)
for “television” and “lighting device” of “2F main bed-
room”.

[0131] The operation limiting unit 2003 corrects the sound
volume limitation value 702 (FIG. 7) in the limitation
information 700 with the soundproof performance value 602
(FIG. 6) in the soundproof performance information 600,
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and sets an obtained corrected value (an example of the first
value) as a sound volume upper limit (property 516 of FIG.
9) of the device 2020.

[0132] For example, “30 dB” as the sound volume limi-
tation value 702 corresponding to the sleep state 701 being
“NREM3” is corrected with “0 dB” as the soundproof
performance value 602 of “2F main bedroom”, and the
sound volume upper limit (property 516) for “television” in
“2F main bedroom” is set at “30 dB” as depicted in FIG. 9.
[0133] Also, for example, “30 dB” as the sound volume
limitation value 702 corresponding to the sleep state 701
being “NREM3” is corrected with “~10 dB” as the sound-
proof performance value 602 of “1F living room”, and the
sound volume upper limit (property 516) for “television” in
“1F living room” is set at “40 dB” as depicted in FIG. 9.

(Operation)

[0134] FIG. 10 is a sequence diagram schematically
depicting initial operation of the device control system in the
first embodiment. At first startup, the house controller 1103
initializes the soundproof performance information 600 in
the room DB 2007 and initializes the device management
information 500 in the device DB 2005.

[0135] At step S501, based on the input by the user, the
room managing unit 2006 of the house controller 1103 sets
an initial value of the soundproof performance value 602 in
the soundproof performance information 600. Note that a
default value set by a housing manufacturer may be used as
an initial value of the soundproof performance value 602 in
the soundproof performance information 600.

[0136] Subsequently, at step S502, the device managing
unit 2004 of the house controller 1103 multicasts a device
search request onto the network. Upon receiving the device
search request, the biological sensor 2010 sends a response
with unique information at step S503, and the device 2020
sends a response with unique information at step S504.
[0137] The unique information includes the device 1D
501, the IP address 502, the device class 503, the identifier
504, and the number of properties in the device management
information 500 (FIG. 5). Since the biological sensor 2010
has three properties as depicted in FIG. 5, “3” is included in
the unique information as the number of properties. When
the device 2020 is a television, the number of properties is
six as depicted in FIG. 5, and therefore “6” is included in the
unique information as the number of properties. When the
device 2020 is a lighting device, the number of properties is
four as depicted in FIG. 5, and therefore “4” is included in
the unique information as the number of properties.

[0138] Upon receiving the responses with the unique
information from the biological sensor 2010 and the device
2020, at step S505, the house controller 1103 initializes the
unique information regarding the biological sensor 2010 and
the device 2020 connected to the network (that is, the device
1D 501, the IP address 502, the device class 503, and the
identifier 504) in the device management information 500.
[0139] Next, at step S506, the house controller 1103
requests the biological sensor 2010 to transmit three prop-
erties. At step S507, as a response to this request, the
biological sensor 2010 transmits the properties to the house
controller 1103. At step S508, the house controller 1103
initializes the properties 511 to 513 regarding the biological
sensor 2010 in the device management information 500.
[0140] Next, at step S509, the house controller 1103
requests the device 2020 to transmit six (or four) properties.
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At step S510, as a response to this request, the device 2020
transmits the properties to the house controller 1103. At step
S511, the house controller 1103 initializes the properties 511
to 516 regarding the device 2020 (in the present embodi-
ment, television and lighting device) in the device manage-
ment information 500.

[0141] Note that since the installation locations of the
biological sensor 2010 and the device 2020 are unknown,
the property 511 transmitted from the biological sensor 2010
and the device 2020 at step S507 and step S510, respec-
tively, is blank.

[0142] Next, at step S512, upon receiving the input by the
user, the house controller 1103 initializes the installation
locations (property 511) of the biological sensor 2010 and
the device 2020 in the device management information 500.
By the above-described process. initialization of the device
management information 500 in the device DB 2005 is
completed.

[0143] FIG. 11 is a sequence diagram schematically
depicting normal operation of the device control system in
the first embodiment. At step S521, the biological sensor
2010 notifies the house controller 1103 of the sleep state at
predetermined time intervals. Note that the biological sensor
2010 may notify the house controller 1103 of the sleep state
when the sleep state is changed.

[0144] Subsequently. at step S522, the device managing
unit 2004 of the house controller 1103 updates the sleep state
(property 513) of the device management information 500
stored in the device DB 2005 if the sleep state as notified is
changed. In FIG. 11, it is assumed that the sleep state is
changed to “NREM3” as depicted in FIG. 9 and the device
management information 500 of FIG. 5 is updated to the
device management information 500 of FIG. 9.

[0145] Subsequently. at step S523, the device managing
unit 2004 updates the illuminance upper limit (property 514)
and the volume upper limit (property 516) in the device
management information 500. Step S523 will be described
in detail further below with reference to FIG. 14.

[0146] Subsequently. at step S524, via the communication
control unit 2008, the device managing unit 2004 requests
the device 2020 with its upper-limit value updated (in the
present embodiment, for example, television and lighting
device) to set an upper-limit value. Upon receiving this
request, at step S525, the device 2020 sets an upper-limit
value. Step S525 will be described in detail further below
with reference to FIG. 12. At step S526 subsequent thereto,
the device 2020 notifies the house controller 1103 that the
upper-limit value has been set.

[0147] Note that if a notification of the sleep state does not
come from the biological sensor 2010 to the house controller
1103 even after a predetermined time interval elapses, the
house controller 1103 may request the sleep state from the
biological sensor 2010 (step S531). As a response to this
request, at step S532, the device 2020 may transmit the sleep
state (property 513) to the house controller 1103.

[0148] At step S525, after the upper-limit value of the
device 2020 is set, for example, when the sound volume
button is operated by the user (step S541), the audio control
unit 2024 of the device 2020 controls the sound volume in
accordance with the set upper-limit value (step S542). Step
S542 will be described in detail further below with reference
to FIG. 13.

[0149] Note that while the biological sensor 2010 of the
present embodiment has a function of responding to a
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request for the sleep state from the house controller 1103,
this is not meant to be restrictive. For example, the biologi-
cal sensor may only transmit the sleep state regularly,
without a responding function.

[0150] Note that the sequence diagram of FIG. 11 repre-
sents that processes on an upper side and a lower side that
are cut out by wavy lines are performed respectively without
being synchronized with each other. The same goes for
sequence diagrams hereafter.

[0151] FIG. 12 is a flowchart of details of an upper-limit
value setting process in the device 2020 at step S525 of FIG.
1.

[0152] At step S601, the communication control unit 2027
of the device 2020 receives the request (step S524 of FIG.
11) for setting an upper-limit value from the house controller
1103. By following this request, the audio control unit 2024
of the device 2020 sets an upper-limit value (step S602). The
audio control unit 2024 retains the set upper-limit value. The
audio control unit 2024 may store the set upper-limit value
in an internal memory.

[0153] Subsequently, at step S603, the audio control unit
2024 determines whether the current sound volume setting
exceeds the upper-limit value. When the current sound
volume setting exceeds the upper-limit value (YES at step
S603), the audio control unit 2024 gradually reduces the
sound volume setting over approximately three to five
seconds (step S604). The audio control unit 2024 may
mildly reduce the sound volume setting at, for example, a
rate of change equal to or smaller than 2 dB/second (an
example of a predetermined value). Note that while an
example of sound volume control is depicted in FIG. 12,
illuminance is similarly controlled so as to be gradually
reduced.

[0154] Subsequently, at step S605, the communication
control unit 2027 transmits, to the house controller 1103, a
response indicating that the upper-limit value has been set
(step S526 of FIG. 11), thereby ending the process of FIG.
12.

[0155] FIG. 13 is a flowchart of details of a sound volume
control process in the device 2020 at step S542 of FIG. 11.

[0156] The UI control unit 2026 of the device 2020
accepts operation of the sound volume button from the user,
and outputs an operation amount to the data processing unmt
2021 (step S701). The audio control unit 2024 determines
whether the sound volume can be changed (step S702).

[0157] For example, if the current sound volume setting is
the upper limit and user’s operation of the sound volume
button is to increase the sound volume, the audio control unit
2024 determines that the sound volume cannot be changed.
Also, if the current sound volume setting is no sound and
user’s operation of the sound volume button is to reduce the
sound volume, the audio control unit 2024 determines that
the sound volume cannot be changed. If the sound volume
cannot be changed (NO at step S702), sound volume control
by following user’s operation of the sound volume button
cannot be made, and therefore the audio control unit 2024
ends the process of FIG. 13.

[0158] If the sound volume can be changed (YES at step
S702), the audio control unit 2024 determines, via the Ul
control unit 2026, whether the user’s operation of the sound
volume button continues (step S703). If the user’s operation
of the sound volume button does not continue (NO at step
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S703), the audio control unit 2024 determines that the user
has stopped operation of the sound volume button, and ends
the process of FIG. 13.

[0159] If the user’s operation of the sound volume button
continues (YES at step S703), the audio control unit 2024
determines whether the sound volume upper-limit value is at
maximum (MAX) (step S704). If the sound volume upper-
limit value is MAX, this means that setting an upper-limit
value (step S525 of FIG. 11) has not been performed. When
the sound volume upper-limit value is MAX (YES at step
S704), the audio control unit 2024 changes the sound
volume by following the user’s operation of the sound
volume button (step S705). and the process returns to step
S702.

[0160] On the other hand, when the sound volume upper-
limit value is not MAX (NO at step S704), that is, when
setting an upper-limit value has been performed, the audio
control unit 2024 changes the sound volume only by one
step (step S706), waits until the user’s operation of the sound
volume button ends (step S707), and then ends the process
of FIG. 13. By the processes at step S706 and step S707,
even if the user is continuously operating the sound volume
button, the sound volume is changed only by one step. That
is, the user can change the sound volume only by one step.
With this, the sound volume is mildly changed. As a result,
sleeper’s sleep can be prevented from being interrupted by
a change in sound volume.

[0161] FIG. 14 is a flowchart of details of an upper-limit
value updating process at step S523 of FIG. 11.

[0162] First, at step S1401, the device managing unit 2004
refers to the updated device management information 500 to
search for any influential device 2020 with respect to the
installation location of the biological sensor 2010 (property
511). All devices which generate sound (for example, tele-
visions) are influential devices, and a device which generates
only light without generating sound (for example, a lighting
device) is an influential device if the device is installed at the
same location. In the device management information 500 of
FIG. 9, influential devices with respect to the installation
location of the biological sensor 2010 (that is, 2F main
bedroom where the sleeper with the sleeping state being
“NREM3” is present) are “television” and “lighting device”
in “2F main bedroom” and “television” in “1F living room”.

[0163] When any influential device (in the present
embodiment, the televisions and the lighting device
described above) are found, the device managing unit 2004
refers to the sleep state (property 513) in the device man-
agement information 500 (step S1402, an example of a sleep
state referring step), refers to the limitation information 700
(step S1403), and refers to the soundproof performance
information 600 in the room DB 2007 (step S1404, an
example of a soundproof performance referring step).

[0164] At step S1405 subsequent thereto, the device man-
aging unit 2004 decides an upper-limit value (an example of
adeciding step). For example, when the sleep state (property
513) in the device management information 500 1is
“NREM3”, the device managing unit 2004 extracts “30 dB”
corresponding to “NREM3” as the sound volume limitation
value 702, and extracts “40 Ix” corresponding to “NREM3”
as the illuminance limitation value 703, from the limitation
information 700.

[0165] The device managing unit 2004 decides an illumi-
nance upper-limit value of “television” and “lighting
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device” in “2F main bedroom” as “40 Ix” extracted as the
illuminance limitation value 703.

[0166] The device managing unit 2004 decides a sound
volume upper-limit value of “television” in “2F main bed-
room” as “30 dB” extracted as the sound volume limitation
value 702, because the soundproof performance value 602 in
the soundproof performance information 600 is “0 dB”.
[0167] The device managing unit 2004 decides a sound
volume upper-limit value of “television” in “1F living
room” as “40 dB” obtained by adding “10 dB” to “30 dB”
extracted as the sound volume limitation value 702, because
the soundproof performance value 602 in the soundproof
performance information 600 is “~10 dB”.

[0168] At step S1406 subsequent thereto, the device man-
aging unit 2004 updates the illuminance upper limit (prop-
erty 514) and the sound volume upper limit (property 516)
in the device management information 500 in the device DB
2005 to the decided upper-limit values, and ends the process
of FIG. 14.

(Operations and Effects)

[0169] As has been described above, according to the first
embodiment, the house controller 1103 refers to the sleep
state of the sleeper determined by the biological sensor
2010. The house controller 1103 decides a sound volume
upper-limit value of the device 2020 in accordance with the
sleep state of the sleeper. With this, the user (an example of
a non-sleeper) of the device 2020 can use the device 2020
even without grasping the sleep state of the sleeper while
reducing influences on the sleeper to keep sleeper’s sleep.
[0170] Also, in general, the sleeper is prone to react to a
rapid increase or decrease in sound volume. By contrast,
according to the first embodiment, when operating the sound
volume button, the user can change the sound volume only
by one step. Therefore, a rapid change in sound volume can
be inhibited. As a result, influences on the sleeper can be
further decreased.

Modified Embodiment

[0171] (1) The sound volume control process in the device
2020 at step S542 of FIG. 11 is not restricted to the
procedure depicted in FIG. 13.

[0172] FIG. 15 is a flowchart of a sound volume control
process different in procedure from those in FIG. 13. In
place of step S707 (wait until the user’s operation of the
sound volume button ends) of FIG. 13, step ST17 is per-
formed in the procedure of FIG. 15. At step S717, the CPU
of the device 2020 performs a sleep process for a predeter-
mined period of time. Then, the process returns to step S702.
In this structure, a time required for changing the sound
volume is extended only by a time during which the sleep
process is performed. Thus, effects similar to those of FIG.
13 can be obtained.

[0173] (2) The upper-limit-value setting process in the
device 2020 at step S525 of FIG. 11 is not restricted to the
procedure depicted in FIG. 12.

[0174] FIG. 16 is a flowchart of details of an upper-limit
setting process different in procedure from those in FIG. 12.
In the procedure of FIG. 16, subsequently to step S602
(setting an upper-limit value), at step S612, the video control
unit 2022 sets a subtitle mode. The subtitle mode is a mode
in which video is displayed on the video display unit 2023
with subtitles representing audio. With this, audio with a
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small sound volume can be complemented, and convenience
for a user viewing the device 2020 (television) can be
improved.

[0175] (3) InFIG. 12, FIG. 13, FIG. 15, and FIG. 16 in the
first embodiment, the sound volume is mildly changed by
the audio output unit 2025 of the device 2020. However, this
is not restricted to a change in sound volume. The video
control unit 2022 may also mildly control a change in
illuminance by the video display unit 2023 similarly over
three to five seconds. Also, when the device 2020 is a
lighting device, the lighting control unit may also mildly
control a change in illuminance of the electric lamp similarly
over three to five seconds. With this, influences of a change
in illuminance on the sleeper can be decreased. Also, by
mildly changing the sound volume or illuminance, adapt-
ability of the ears or eyes of the user (viewer) of the device
2020 can be ensured. As a result, for sound even with a small
sound volume, comfortability to some extent can be ensured.
Also, since the room does not get abruptly dark, certain
safety can be ensured.

Second Embodiment

[0176] In the above-described first embodiment, the
operation of setting an upper-limit value of the device 2020
has been described. In a second embodiment, operation of
calculating an optimum upper-limit value by using the
server 1121 (FIG. 1) and setting the upper-limit value is
described. Note that in the following, for simplification of
the description, detailed description of structures similar to
those of the above-described first embodiment is omitted,
with similar reference characters provided.

(Structure)

[0177] FIG. 17 is a block diagram schematically depicting
the structure of a device control system according to the
second embodiment. As depicted in FIG. 17, the device
control unit 2001 of the house controller 1103 includes a log
managing unit 2201 in addition to the operation limiting unit
2003, the device managing unit 2004, and the room man-
aging unit 2006. The storage unit 2002 includes a log DB
2202, in addition to the device DB 2005 and the room DB
2007.

[0178] The log managing unit 2201 generates log infor-
mation 1800 (FIG. 18, which will be described further
below). The log information 1800 includes an operation log
of the device 2020 and a sleep state log of the biological
sensor 2010 in a time-series manner. The log managing unit
2201 stores the generated log information 1800 in the log
DB 2202.

[0179] FIG. 18 is a diagram of an example of the log
information 1800 stored in the log DB 2202. As depicted in
FIG. 18, the log information 1800 includes a date and time
1801, a device ID 1802, a property number 1803, and a
property value 1804.

[0180] The device 1D 1802 is a unique identifier for
specifying the device including the device 2020 and the
biological sensor 2010. The device ID 1802 corresponds to
the device 1D 501 in the device management information
500. The property number 1803 indicates the property 513
or 515 in the device management information 500. A prop-
erty number “3” of FIG. 18 indicates the property 513 (sleep
state or illuminance) of FIG. 5, and a property number “5”
of FIG. 18 indicates the property 515 (sound volume) of
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FIG. 5. The property value 1804 indicates a value of the
property number 1803. The date and time 1801 indicates a
date and time when the value becomes the property value
1804. In this manner, with the log information 1800, the
operation log of the device 2020 and the sleep state log of
the biological sensor 2010 are managed in a time-series
manner.

[0181] Inthe log information 1800 of FIG. 18, a sleep state
“NREM3” is determined by the biological sensor 2010 with
the device 1D 1802 being “Sensorl” at 1:22:00 on Sep. 24,
2015. Then, at 1:23:30, the sound volume of the television
with the device ID 1802 being “TV1” is operated to “20 dB”.
Then, at 1:29:30, the sound volume of that television is
increased to “30 dB”. At 1:29:40 immediately after the
increase in sound volume (after ten seconds from the
increase in sound volume), a sleep state “NREM2” is
determined by the biological sensor 2010 with the device ID
1802 being “Sensor1”. In this manner, in the log information
1800 of FIG. 18, the sleep state is changed from “NREM3”
to “NREM2” to become shallow after ten seconds from the
increase in sound volume.

[0182] Referring back to FIG. 17, the operation limiting
unit 2003 of the house controller 1103 transmits, via the
communication control unit 2008, the log information 1800
directly to the server 1121 connected via a network or via the
cloud server 1111 (FIG. 1).

[0183] The server 1121 determines, by data processing
such as machine learning, whether the change in sound
volume (the increase in sound volume) of the device 2020 by
user’s sound volume operation and the change of the sleep
state determined by the biological sensor 2010 have a
correlation. The server 1121 in the second embodiment may
be hardware or software such as a learning application.
[0184] When determining that the change in sound volume
and the change of the sleep state have a correlation, the
server 1121 determines that the current soundproof perfor-
mance value 602 of the soundproof performance informa-
tion 600 is not appropriate, and corrects the soundproof
performance information 600 so that the soundproof perfor-
mance information 600 includes a more suitable soundproof
performance value 602. The server 1121 transmits the cor-
rect new soundproof performance information 600 to the
house controller 1103.

[0185] For example, when a situation in which the sleep
state becomes shallow immediately after a change in sound
volume occurs a plurality of times, as depicted in the log
information 1800 in FIG. 18, the server 1121 determines that
the change in sound volume and the change of the sleep state
have a correlation. As a result, the server 1121 makes
correction of decreasing the soundproof performance value
602 in the soundproof performance information 600. By
using FIG. 19 to FIG. 21, correction of the soundproof
performance information by the server 1121 is described.
[0186] FIG. 19 is a diagram of the device management
information 500 when the sleep state is changed from
“NREM3” to “NREM2” and the soundproof performance
information 600 is not corrected as a comparative example.
FIG. 20 is a diagram of an example of the corrected
soundproof performance information 600. FIG. 21 is a
diagram of the device management information 500 when
the sleep state is changed from “NREM3” to “NREM2” and
the soundproof performance information 600 is corrected in
the present embodiment. In the device management infor-
mation 500 of FIG. 19, values changed from the device
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management information 500 of FIG. 9 are underlined. In
the device management information 500 of FIG. 21, values
different from those in the device management information
500 of FIG. 19 are underlined.

[0187] As described above, the device management infor-
mation 500 when the sleep state is “NREM3” is depicted in
FIG. 9. On the other hand, when the sleep state is changed
from “NREM3” to “NREM2”, as depicted in FIG. 7, the
sound volume limitation value 702 is changed from “30 dB”
to “25 dB”, and the illuminance limitation value 703 is
changed from “40 1x” to “30 1x”.

[0188] Therefore, as depicted in FIG. 19, the property 514
(illuminance upper limit) is changed from “40 1x” to “30 1x”
and, as a result, the property 513 (illuminance) is also
changed from “40 Ix” to “30 1x”. Also, the property 516
(sound volume upper limit) of “2F main bedroom” is
changed from “30 dB” to “25 dB” and, as a result, the
property 515 (sound volume) is also changed from “30 dB”
to “25 dB”. Furthermore, the property 516 (sound volume
upper limit) of “1F living room” is changed from “40 dB”
to “35 dB”.

[0189] When determining that the change in sound volume
and the change of the sleep state have a correlation, the
server 1121 decreases the soundproof performance value
602 from “2F main bedroom” to “2F main bedroom” from
“0 dB” depicted in FIG. 6 to “+1 dB” to correct the
soundproof performance value 602 to “+1 dB” as depicted
in FIG. 20. With this, the property 516 (sound volume upper
limit) of “2F main bedroom” is changed from “25 dB”
depicted in FIGS. 19 to “24 dB” as depicted in FIG. 21. As
a result, the property 515 (sound volume) is also changed
from “25 dB” depicted in FIG. 19 to “24 dB” as depicted in
FIG. 21.

[0190] Whenever determining that the change in sound
volume and the change of the sleep state have a correlation,
the server 1121 may decrease the soundproof performance
value 602 by “+1 dB”.

(Operation)

[0191] FIG. 22 is a sequence diagram schematically
depicting normal operation of the device control system.
Steps S521 and S522 of FIG. 22 are identical to steps S521
and S522 of FIG. 11. At step S551 subsequent to step S522,
the log managing unit 2201 adds the sleep state in the
notification at step S521 together with the date and time to
the log information 1800 in the log DB 2202 to update the
log information 1800. Steps S523 to S526 subsequent
thereto are identical to steps S523 to S526 of FIG. 11.
[0192] Steps S531 to S533 of FIG. 22 are identical to steps
S531 to S533 of FIG. 11. At step S553 subsequent to step
S533, the log managing unit 2201 adds the sleep state in the
response at step S533 together with the data and time to the
log information 1800 in the log DB 2202 to update the log
information 1800.

[0193] Steps S541 and S542 of FIG. 22 are identical to
steps S541 and S542 of FIG. 11. At step S555 subsequent to
step S542, the device 2020 notifies the house controller 1103
of the sound volume changed by sound volume control at
step S542. Subsequently, at step S556, the log managing unit
2201 adds the sound volume in the notification at step S555
together with the date and time to the log information 1800
in the log DB 2202 to update the log information 1800.
[0194] At step S561 of FIG. 22, the house controller 1103
uploads the log information 1800 stored in the log DB 2202,
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for example, at predetermined time intervals. At step S562,
the server 1121 determines whether the change in sound
volume and the change of the sleep state have a correlation
by, for example, machine learning, and corrects the sound-
proof performance information 600 based on the determi-
nation result. At step S563, upon receiving the corrected
soundproof performance information 600, the house con-
troller 1103 updates the soundproof performance informa-
tion 600 in the room DB 2007. At step S523 subsequent
thereto, by using the corrected soundproof performance
information 600, the upper-limit value of the device 2020 is
updated.

(Operations and Effects)

[0195] As described above, for example, when the sound
volume of the device 2020 installed in the same room is
changed from 20 dB to 30 dB, the sleep state of the sleeper
may be changed from non-REM sleep stage 3 (NREM3) to
non-REM sleep stage 2 (NREM2). In this case, according to
the second embodiment, when it is determined by machine
learning that the change in sound volume and the change of
the sleep state have a correlation, for example, the sound-
proof performance value 602 is corrected from 0 dB to +1
dB. With this, the upper-limit value of the sound volume is
decreased from 25 dB to 24 dB. As a result, sound influences
on the sleeper can be further decreased.

Modified Embodiment

[0196] (1) In the second embodiment, when it is deter-
mined that the change in sound volume and the change of the
sleep state have a correlation, the soundproof performance
value 602 is decreased by “+1 dB”. However, the decrease
is not restricted thereto. The soundproof performance value
602 may be decreased by “+2 dB” or “+5 dB”, or the
decrease in the soundproof performance value 602 may be
changed.

[0197] (2) In the second embodiment, when it is deter-
mined that the change in sound volume and the change of the
sleep state have a correlation, the soundproof performance
value 602 is decreased. However, this is not meant to be
restrictive. When determining that the change in sound
volume and the change of the sleep state have a correlation,
the server 1121 may directly decrease the value of the
property 516 in the device management information 500 of
FIG. 21. Also in this case, effects similar to those of the
second embodiment can be obtained.

Third Embodiment

[0198] In the second embodiment, the operation of calcu-
lating an optimum upper-limit value and setting the upper-
limit value by using the server 1121 has been described. In
a third embodiment, a device control system using a service
provider in place of a house controller is described. Note in
the following that, for simplification of description, struc-
tures similar to those of the first embodiment are provided
with a similar reference character and detailed description
thereof are omitted.

(Structure)

[0199] FIG. 23 is a diagram schematically depicting the
structure of the device control system in the third embodi-
ment. In FIG. 23, the server 1121 has a function as a
replacement for the house controller 1103 (FIG. 17) of the
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second embodiment. The server 1121 has a device control
unit 2001B having a function corresponding to the device
control unit 2001 depicted in FIG. 17 and a storage unit
2002B having a function corresponding to the storage unit
2002 depicted in FIG. 17. The server 1121 is connected via
the cloud server 1111 to the biological sensor 2010 and the
device 2020 via a network.

(Operation)

[0200] FIG. 24 is a sequence diagram schematically
depicting initial operation of the device control system in the
third embodiment.

[0201] At step S571, the device control unit 2001B of the
server 1121 sets an initial value of the soundproof perfor-
mance value 602 in the soundproof performance information
600 (FIG. 6). The device control unit 2001B stores the
soundproof performance information 600 with the initial
value set therein in the room DB in the storage unit 2002B.
As an initial value of the soundproof performance value 602
in the soundproof performance information 600, a default
value set by a housing manufacturer is used. Note that the
initial value of the soundproof performance value 602 in the
soundproof performance information 600 may be set, for
example, by the user 1010 by using the device 2020.
[0202] At step S572, the biological sensor 2010 transmits
the items 501 to 504 and 511 to 513 in the device manage-
ment information 500 (FIG. 5) to the server 1121 to request
registration of the device (arrows 1131 and 1132 in FIG. 23).
[0203] At step S573, the device control unit 2001B of the
server 1121 registers the transmitted device management
information 500 regarding the biological sensor 2010 in the
device DB in the storage unit 2002B. With this, the device
management information 500 regarding the biological sen-
sor 2010 is initialized. Note that the biological sensor 2010
may have a function of allowing the user 1010 to set its
installation location. The biological sensor 2010 may trans-
mit information set by the user 1010 to the server 1121 as the
property 511 (installation location) of the device manage-
ment information 500.

[0204] At step S574, the server 1121 transmits, to the
biological sensor 2010, a response indicating that devise
registration has been completed.

[0205] At step S575, the device 2020 transmits the items
501 to 504 and 511 to 516 in the device management
information 500 (FIG. 5) to the server 1121, to request
registration of the device (arrows 1131 and 1132 in FIG. 23).
[0206] At step S576, the device control unit 2001B of the
server 1121 registers the transmitted device management
information 500 regarding the device 2020 in the device DB
in the storage unit 2002B. With this, the device management
information 500 regarding the device 2020 is initialized.
Note that the device 2020 may have a function of allowing
the user 1010 to set its installation location. The device 2020
may transmit information set by the user 1010 to the server
1121 as the property 511 (installation location) of the device
management information 500.

[0207] At step S577, the server 1121 transmits, to the
device 2020, a response indicating that devise registration
has been completed. By the above-described process, ini-
tialization of the device management information 500 is
completed.

[0208] Next, with reference to FIG. 23, normal operation
of the device control system in the third embodiment is
described. The biological sensor 2010 notifies the server
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1121 of the sleep state at predetermined time intervals
(arrows 1131 and 1132). When determining that the sleep
state of the biological sensor 2010 is changed, the device
control unit 2001B sets, to the device 2020, an upper-limit
value suitable for a new sleep state (arrows 1137 and 1138).
Note that, here, a push notification type communication may
be used for setting from the server 1121 to the device 2020.
Alternatively, a change in setting may be achieved by
inquiring from the device 2020 to the server 1121 at prede-
termined time intervals about whether to change setting.

(Operations and Effects)

[0209] As described above, according to the third embodi-
ment, in place of the house controller, the server 1121
includes the device control unit 2001B and the storage unit
2002B. Thus, the device control method can be flexibly
updated, and an improvement in service quality of the device
control system can be further expected.

(Others)

[0210] (1) In each of the above-described embodiments,
the sound volume setting is gradually reduced over approxi-
mately three to five seconds. For example, in FIG. 12, when
the current sound volume setting exceeds the upper-limit
value (YES at step S603), at step S604, the audio control
unit 2024 gradually reduces the sound volume setting over
approximately three to five seconds. However, this is not
meant to be restrictive.

[0211] FIG. 25 is a diagram of an example of a message
displayed on the video display unit 2023. When the current
sound volume setting exceeds the upper-limit value, the
audio control unit 2024 may generate a message 1601
“Please gradually turn down sound volume due to sound
volume limitation.” as depicted in FIG. 25. The audio
control unit 2024 may notify the video control unit 2022 of
the generated message 1601 via the data processing unit
2021. The video control unit 2022 may cause the notified
message 1601 to be displayed on the video display unit
2023. By following the message 1601 displayed on the video
display unit 2023, the user operates the sound volume button
to gradually turn down the sound volume. With this, effects
similar to those of each of the embodiments can be obtained.

[0212] (2) In each of the above-described embodiments,
for example, as depicted in FIG. 9, the house controller 1103
manages the illuminance and sound volume upper limits in
the properties 514 and 516 in the device management
information 500. Here, for example, when requesting setting
of an upper-limit value at step S524 of FIG. 11, the house
controller 1103 may transmit an illuminance or sound vol-
ume. For example, at step S525 of FIG. 11, the device 2020
receiving the illuminance or sound volume may convert the
illuminance or sound volume into an appropriate control
value to control the illuminance of the video display unit
2023 or the sound volume of the audio output unit 2025.

[0213] Alternatively, for example, at step S524 of FIG. 11,
the house controller 1103 may convert the illuminance or
sound volume into an appropriate control value and transmit
the converted control value. For example, at step S525 of
FIG. 11, the device 2020 receiving the control value may use
the received control value to control the illuminance of the
video display unit 2023 or the sound volume of the audio
output unit 2025.
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[0214] The control value obtained by converting the illu-
minance or sound volume may be, for example, a current
value for controlling the video display unit 2023 or the audio
output unit 2025 or a level value simply indicating an
illuminance or sound volume level.

[0215] Note that the technology described in the above
embodiments can be achieved in, for example, cloud service
types below. However, the cloud service types where the
technology described in the above embodiments is achieved
are not meant to be restrictive.

(Service Type 1: In-house Data Center Type Cloud Service)

[0216] FIG. 26 is a diagram of an overview of service to
be provided by the device control system in a service type
1 (in-house data center type cloud service). In this type, the
service provider 1120 obtains information from the group
1100, and provides service to the group 1100 and the user.
In this type, the service provider 1120 has a function of a
data center operating company. That is, the service provider
1120 owns the cloud server 1111 which manages big data.
Therefore, no data center operating company is present.

[0217] Inthis type, the service provider 1120 operates and
manages a data center (cloud server) 1203. Also, the service
provider 1120 manages an operating system (OS) 1202 and
an application 1201. The service provider 1120 uses the OS
1202 and the application 1201 managed by the service
provider 1120 to provide service (arrows 1204 and 1205).

(Service Type 2: laaS Use Type Cloud Service)

[0218] FIG. 27 is a diagram of an overview of service to
be provided by the device control system in a service type
2 (IaaS use type cloud service). Here, IaaS is an abbreviation
of infrastructure as a service, and is a cloud service provid-
ing model which provides an infrastructure itself for con-
structing and operating a computer system as service via the
Internet.

[0219] In this type, the data center operating company
1110 operates and manages the data center (cloud server)
1203. Also, the service provider 1120 manages the OS 1202
and the application 1201. The service provider 1120 uses the
OS 1202 and the application 1201 managed by the service
provider 1120 to provide service (arrows 1204 and 1205).

(Service Type 3: PaaS Use Type Cloud Service)

[0220] FIG. 28 is a diagram of an overview of service to
be provided by the device control system in a service type
3 (PaaS use type cloud service). Here, PaaS is an abbrevia-
tion of platform as a service, and is a cloud service providing
model which provides a platform as a base for constructing
and operating software as service via the Internet.

[0221] In this type, the data center operating company
1110 manages the OS 1202, and operates and manages the
data center (cloud server) 1203. Also, the service provider
1120 manages the application 1201. The service provider
1120 uses the OS 1202 managed by the data center operating
company 1110 and the application 1201 managed by the
service provider 1120 to provide service (arrows 1204 and
1205).

(Service Type 4: SaaS Use Type Cloud Service)

[0222] FIG. 29 is a diagram of an overview of service to
be provided by the device control system in a service type
4 (SaaS use type cloud service). Here, SaaS is an abbrevia-
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tion of software as a service. For example, the SaaS use type
cloud service is a cloud service providing model which has
a function of allowing a user such as a company or person
not owning a data center (cloud server) to use an application
provided by a platform provider who owns a data center
(cloud server) via a network such as the Internet.
[0223] In this type, the data center operating company
1110 manages the application 1201, manages the OS 1202,
and operates and manages the data center (cloud server)
1203. Also, the service provider 1120 uses the OS 1202 and
the application 1201 managed by the data center operating
company 1110 to provide service (arrows 1204 and 1205).
[0224] In the foregoing, in any of the cloud service types,
the service provider 1120 provides service. Also, for
example, the service provider or the data center operating
company may develop an OS, application, database of big
data, and so forth by themselves, or may outsource devel-
opment thereof to a third party.
[0225] The control method, controller, and device of the
present disclosure are useful for device control when a
sleeper and a non-sleeper are both present at home and the
non-sleeper uses the device.
What is claimed is:
1. A method of controlling a device located in a prede-
termined space, the method comprising:
obtaining sleep information of a person present in a first
space from a biological sensor disposed in the first
space, the sleep information indicating a sleep state of
the person and the first space includes a first device;
determining, by a processor, a first illuminance level to be
set for the first device based on the obtained sleep
information and a first database indicating a correspon-
dence between the sleep state and a target illuminance
level of a corresponding device, the target illuminance
level of the corresponding device being a predeter-
mined illuminance level which does not awake a sleep-
ing person at the sleep state and provides visibility for
an awake person; and
transmitting, to the first device, a first command for
setting the first illuminance level in the first device as
an illuminance upper-limit value.
2. The method according to claim 1, wherein
the first database further indicates a correspondence
between the sleep state and a target sound volume of
the corresponding device, and
the method further comprising:
determining, by the processor, a first sound volume of
the first device based on the obtained sleep informa-
tion and the first database, and
transmitting, to the first device, a second command for
setting the first sound volume in the first device as a
sound volume upper-limit value, the target sound
volume of the corresponding device being a prede-
termined sound volume which does not awake the
sleeping person at the sleep state and still be heard by
the awake person.
3. The method according to claim 1, wherein
the biological sensor is attached to the person.
4. The method according to claim 1, wherein
the first space includes a bedroom.
5. The method according to claim 4, wherein
the biological sensor includes a vibration sensor installed
in a bedding disposed in the bedroom.
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6. The method according to claim 4, wherein

the biological sensor includes a radio sensor inside a
bedding disposed in the bedroom or installed in a
predetermined range from the bedding.

7. The method according to claim 1, wherein

the biological sensor measures a body motion, a respira-
tion rate, and a heart rate of the person, and

the sleep information is calculated based on a number of
times the person turns-over per unit time calculated
from the body motion, the respiration rate of the
person, and the heart rate of the person.

8. The method according to claim 1, further comprising:

storing sleep log information in a memory, the sleep log
information indicating a correspondence between the
sleep state and a corresponding date,

storing operation log information in the memory, the
operation log information indicating a correspondence
between a history of changing an illuminance level of
the first device and a corresponding date,

determining, by the processor, based on the sleep log
information and the operation log information, whether
the sleep state indicated in the sleep information
becomes shallow after increasing the illuminance level
of the first device, and

correcting the first database when it is determined by the
processor that the sleep state indicated in the sleep
information becomes shallow a predetermined number
of times or more after the increasing the illuminance
level of the first device.

9. A method of controlling a device included in a prede-

termined space, the method comprising:

receiving, from a processor, a first command for setting a
first illuminance level in the device as an illuminance
upper-limit value; and

setting, by the processor, the first illuminance level as the
illuminance upper-limit value in the device, wherein

the first illuminance level is determined by the processor
based on a database and sleep information of a person
present in the predetermined space, the sleep informa-
tion being obtained from a biological sensor disposed
in the predetermined space,

the sleep information indicates a sleep state of the person,

the database indicates a correspondence between the sleep
state and a target illuminance level of a corresponding
device, and

the target illuminance level of the corresponding device is
a predetermined illuminance level which does not
awake a sleeping person at the sleep state and provides
visibility for an awake person.

10. The method according to claim 9, further comprising:

receiving, from the processor, a second command for
setting a first sound volume in the device as a sound
volume upper-limit value; and

setting the first sound volume in the device as the sound
volume upper-limit value, wherein

the database further indicates a correspondence between
the sleep state and a target sound volume of a corre-
sponding device,

the first illuminance level is determined by the processor
based on the sleep information and the database, and

the target sound volume of the corresponding device is a
predetermined sound volume which does not awake the
sleeping person at the sleep state and still be heard by
the awake person.
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11. The method according to claim 9, further comprising:
determining, by the processor, whether a second illumi-
nance level, which is an illuminance level setting
different from the first illuminance level, exceeds the
first illuminance level that is set as the illuminance
upper-limit value; and
causing the device to output light at the first illuminance
level when it is determined that the second illuminance
level exceeds the first illuminance level.
12. The method according to claim 11, further compris-
ing:
changing an illuminance level of the device from the
second illuminance level to the first illuminance level at
a predetermined rate of change in a stepwise manner.
13. The method according to claim 9, further comprising:
changing an illuminance level of the device to the first
illuminance level or lower at a predetermined rate of
change in a stepwise manner.
14. The method according to claim 9, wherein
the device includes a display, and
the method further comprising:
determining whether a second illuminance level, which
is a current illuminance level of the device, exceeds
the first illuminance level, and p2 causing a notifi-
cation prompting for decreasing an illuminance level
of the device in a stepwise manner to be displayed on
the display when it is determined that the second
illuminance level exceeds the first illuminance level.
15. A controller which controls a device included in a
predetermined space, the controller comprising:
a communicator; and
a processor, wherein
the communicator obtains sleep information of a person
present in the predetermined space from a biological
sensor disposed in the predetermined space, the sleep
information indicating a sleep state of the person,
the processor determines a first illuminance level of the
device based on a database indicating a correspondence
between the sleep state and a target illuminance level of
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a corresponding device, the target illuminance level of
the corresponding device being a predetermined illu-
minance level which does not awake a sleeping person
at the sleep state and provides visibility for an awake
person, and

the communicator transmits, to the device, a command for
setting the first illuminance level in the device as an
illuminance upper-limit value.

16. A device installed in a predetermined space, the device

comprising:

a communicator; and

a processor, wherein

the communicator receives, from a controller connected
to the device, a first command for setting a first
illuminance level in the device as an illuminance uppet-
limit value,

the processor sets the first illuminance level as the illu-
minance upper-limit value in the device,

the first illuminance level is determined by the controller
based on a database and sleep information of a person
present in the predetermined space, the sleep informa-
tion being obtained from a biological sensor disposed
in the predetermined space,

the sleep information indicates a sleep state of the person,

the database indicates a correspondence between the sleep
state and a target illuminance level of a corresponding
device, and

the target illuminance level of the corresponding device is
a predetermined illuminance level which does not
awake a sleeping person at the sleep state and provides
visibility for an awake person.

17. The method according to claim 1, wherein

wherein the target illuminance level corresponding to the
first device is an illuminance level of the first device in
the first space, the illuminance level at which the first
device does not awake the sleeping person at the sleep
state that is in the first space and provides visibility for
the awake person that is in the first space.
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