a2 United States Patent

Watanabe et al.

US010394517B2

US 10,394,517 B2
Aug, 27,2019

(10) Patent No.:
(45) Date of Patent:

(54) CONTROL METHOD, CONTROLLER, AND
DEVICE
(71)  Applicant: Panasonic Intellectual Property
Corporation of America, Torrance, CA
Us)
(72) Kazuhiro Watanabe, Osaka (IP);
Tomohiro Tsuda, Osaka (JP)

Inventors:

(73) PANASONIC INTELLECTUAL
PROPERTY CORPORATION OF

AMERICA, Torrance, CA (US)

Assigree:

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

US.C. 154(b) by 99 days.

1)
22)

Appl. No.: 15/419,108

Filed: Jan. 30, 2017

(65) Prior Publication Data

US 2017/0235542 A1 Aug. 17, 2017

(30) Foreign Application Priority Data

Feb. 12, 2016  (JP) 2016-025036

(51) Int.CL
GO6F 3/16
AGIB 5/00

(2006.01)
(2006.01)
(Continued)
(52) US.CL
CPC ... GO6F 3/165 (2013.01); A61B 5/0205
(2013.01); A61B 5/113 (2013.01); A61B
5/1116 (2013.01); A61B 5/1123 (2013.01);
AG6IB 5/4809 (2013.01); A61B 5/721
(2013.01); A61B 5/7214 (2013.01); A61B
5/0022 (2013.01);

(Continued)

1103

(58) Field of Classification Search
CPC ... A61B 5/0022; A61B 5/0024; A61B 5/0205;
AG1B 5/0507; A61B 5/0816; A61B
5/1116; A61B 5/1123; A61B 5/113; A61B
5/4809; A61B 5/6892; A61B 5/721; A61B
5/7214; A61B 5/7235; A61B 2562/0247,

(Continued)

(56) References Cited

U.S. PATENT DOCUMENTS

2009/0051550 A1*  2/2009 Sasaki A61B 5/0205
340/575
A47C 27/061

700/276

2011/0010014 Al1*  1/2011 Oexman

(Continued)

FOREIGN PATENT DOCUMENTS

Jp 2015-015159 12015

Primary Examiner — Hemant S Patel

(74) Attorney, Agent, or Firm — Greenblum & Bernstein,
PL.C.

(57) ABSTRACT

A method of controlling a device located in a predetermined
space includes: 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 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.

20 Claims, 27 Drawing Sheets

2010 2020

HOUSE
CONTROLLER

SENSOR

BIOLO
N

G‘C“‘| ‘ DEVICE |

5622
UPDATE JEVICE
MANAGENENT NFORMATION

8523
UPDATE UPPER-LIMIT
VALUES OF DEVICE

S524

S%ND NOTIFICATION

F SLEE|

P STATE

8526

8525

SET UPPERLIMITVALLE

—

REQUEST SLEEP STATE

=

5531

SEND RESPONSE
WITH SLE!

N

=
=

8532
EP STATE

$541

5542
SOUNDVOLUME CONTROL




US 10,394,517 B2

Page 2
(51) Imt. CL (56) References Cited
A61B 5/0205 (2006.01)
A61B /11 (2006.01) U.S. PATENT DOCUMENTS
A61B 5/113 (2006.01) , .
A61B 5/05 (2006.01) 2014/0116440 AL* 52014 Thompson ... F‘x162181/32(5)g;
A61B 5/08 (2006.01) 2015/0164238 AL*  6/2015 Benson ... GI6H 50/30
(52) US. CL 340/540
CPC ..o A61B 5/0024 (2013.01); A61B 5/0507 20150302722 Al* 10/2015 Berezhnyy ... A61B 5/04012
(2013.01); A61B 5/0816 (2013.01); A61B / 340/565
5/6892 (2013.01); A61B 5/7235 (2013.01); 20160015184 ALF 12016 Nunn vooovvvevee A47$0§72/£
A618B 2562/0247 (2013.01); A61B 2562/0261 2016/0015314 Al*  1/2016 Dusanter .......... A61B 5/4812
(2013.01); GOGF 2212/1721 (2013.01) 6001301
(58) Field of Classification Search 2016/0174723 Al*  6/2016 Chan ........ccooeee.. A47C 21/00
CPC ... A61B 2562/0261; GOGF 3/165; GO6F . 4/54/339
I
USPC oo 700/94 / : ADCIKEIN. v !

See application file for complete search history.

* cited by examiner



US 10,394,517 B2

Sheet 1 of 27

Aug. 27, 2019

U.S. Patent

0c0l

H3AINOYd FOING3S

)

4%

d3AY3S AnoT10

)

LLLL

ANYAINOO ONILYHdO
d31IN30 Y1vd

)

OLLl

l "©Old

0101

\4
AYMALYD JNOH
0L
¥3TI04INOD 3SNOH
oL
AENEAE mm\
[ ALYNO4 | |
" -
1| 30IA30 | | ! {HOSNIS |
1 | ANO2ES __ ANOOHS ||
| |
 [3op3a | 1 | [wosnas]
" 1944 | 1| LSdld _
T ] « —_ -
- e
L0} 0Ll

0011



U.S. Patent

Aug. 27,2019 Sheet 2 of 27

FIG. 2
1110

\

DATA CENTER OPERATING COMPANY
(DEVICE MANUFACTURER)

1111
\

CLOUD SERVER

FIG. 3
1110

\

US 10,394,517 B2

_________________

DATA CENTER OPERATING COMPANY
DEVICE

;P ——— e ——— ———

|1 MANAGEMENT
MANUFACTURER | 1 COMPANY

1111

-1




US 10,394,517 B2

Sheet 3 of 27

Aug. 27, 2019

U.S. Patent

Y Y. Y Y
LINN 1INN TO4LINOD LINN TOYINOD [ LINN TOMLNOD NOILYOINNININOD |
T04INOD In| [NOILYOINNWWOD NOILYOINNIWWOD = A
— — 910z
9202 e 202y 0 || s H!!_ v
100 m [ LINN ONININYALIA 3LYLS d3T1S|
LINN ONISSID0Md Y1Ya ¢ TN ! 510z a
80 | ety ONIOYNYIN > !
INn |
: 00 [ g™ [ ol ||| | st
= s e
LINN T04NOD] [ LINN T04INOD aqd |l | . INO “
oIy 03I Bonaa [ e [ L——! noz 1 oz 1 .
— —
v207 .ﬁ 2202 & 1NN v00¢- €002 m
INnLndLno | oNn 304018 i LINMIOHINOO 303D~ [JOSN3S FAILISNIS-FINSST |
oiany || Av14Sia 03aiA A A ~
— — 2002 1002 L10¢
5¢0¢ €¢0¢  301A30 HITIOMINOD ISNOH HOSNIS WOI90T019
— —
0202 0102
¥ Old




US 10,394,517 B2

Sheet 4 of 27

Aug. 27, 2019

U.S. Patent

XV X0l NO | WOOXONINT4L | 20062040 | io3d (7001891 Z6l| 2N
XYW X0 0 |Wooua3a NI 3| 1006200 | S eoorsorzsl| b
IN3SEY NO  [NOONG3E NIV 42| 202000 | HOSNSS |00}89) 264 |ziosues
IN3SEV NO | WOOYG38 NIV 3¢ | 10vZ000 | HOSNIS [9001891 76l | Losues
X 8 0 XV X 06 NO | WOOH ONIAT4} | 202090X0 |NOISIATTEL|5 001891 261] 2AL
X €0 X X0 150 [WOOWG3E NIV 2| 1020900 [NOISIATTEL [z 00} 894 26| AL
TINTS3dN Y[ (3WMIONY |/ LI 3 Y SONVNIRNTIY { 3LVIS NOLLY30]
{aAioRaRADs| (BNACR ) (oMol AVES o) (vottsiaao)| (vOIVERLoN) 3w Siag | SSaaY | AL
9ALM3d0Nd | S ALNIA0Yd| TALNIONd | EARNIAON | ¢ ALNAdONd | L AL¥3dONd
7 7 7 7 7 7 7 7 7 7
9ls 51 pis €l 2ls s s €0 205 10
008
G Old




U.S. Patent Aug. 27,2019 Sheet 5 of 27 US 10,394,517 B2

FIG. 6
600
60\1 602
ROOMID | 2F MAIN BEDROOM] 1F LIVING ROOM | F KITCHEN | 2F CHILD'S ROOM 1 [ =+
OF MAIN BEDROOW 0B /| -1008 -10dB -5dB
1F LIVING ROOM (~10dB) 048 0dB ~10dB
1F KITCHEN (-104B) (0dB) 0dB ~10dB
OF CHILD'S ROOM 1 (-5 0B) (10d8) | (-100B) 008
FIG. 7
700
701 702 703
SLEEP STATE | SOUND VOLUME | ILLUMINANCE
NREM 2048 30
NREM? 25 4B 30k
NREM3 3048 401
NREMA 4048 501
REM 2048 30k




US 10,394,517 B2

Sheet 6 of 27

Aug. 27, 2019

U.S. Patent

Y Y.Y Y
LINN LINA TOMINOD LINN 104INOD [LINN T04.INOD NOILYOINNWINOD |
TOMINOD 10| [NOILYDINNWINGD | NOLLYOINIWIOD — A
= — 8007 910¢
9202 e 1202 T H.ii_ v
" | ! | LINN ONININY3130 3LVLS d3373)
" L00¢ il I =g
LINN ONISSIDOH Y1Y( i mmo I ! 5102 %
| <> <> _
7 L b [ ol | H_%D :‘zf :%3
g i
N T e e e
INN10dNOD| [ Linn touInoo | | T [ aa [l o NO !
oIanv 03aIA | 3030 <] PUOYNY <> — noe T eoe ] .
— — |
vz | cz | Ll 7002 €00z |
INNLNALO LN | 3ovyoLs i LINATOHINGIIOAIA | HOSN3S 010 |
olany AY1dSIa 03aIA [ 4 -~ Nf >
— — 2002 100Z bhic
G¢0¢ €¢0¢  301A9Q HITIONINOD 3SNOH HOSNIS Tva1901018
— — —
0207 oLl 0102
8 9Ol




US 10,394,517 B2

Sheet 7 of 27

Aug. 27, 2019

U.S. Patent

XV X0 0 | WOOUONIAM L | 2006200 | NS |008alzel | i
07 707 NO  woowa3s N 4z | 1ooezox0 | S Ieorsonzer| b
R MY NO  [WO0HG38 NIVW 3| 202000 | HOSNIS |£001 89} 26} |ziosueg
SN NO  [WOOMO38 NIVI 2] 10vZ000 | §OSN3S [500489)26) | Hosueg
- oy 8 0 XV X0 40 | 00X ONIT 31 | 2020900 [NOISIAFTIL]S 001’894 26H| ZAL
R P 07 X0y NO  [Wo0Ha38 NIV 2| 10209040 [NOISIATTEL]Z 001 89} 26l IAL
LN §3edn || (FWMIONY |/ LINT¥3ddn | SONVNIRATTL)| ( 3LVIS NOILYOOT
... Giion cros)| (RS, ) (oM Ao o) (voititsao)| (vODRe) [eaaa e B S
SALZGON] |5 ALS3I0Hd| PALSRON | EALRSGONS | eAliiaOnd | VASORS | ; : \
7 / 7 7 / 7
9l 5l yis £l Zis 1S 05 €0 205 10
006
6 Old




U.S. Patent Aug. 27,2019 Sheet 8 of 27 US 10,394,517 B2

FIG. 10
103 2010 2020
HOUSE BIOLOGICAL
CONTROLLER SENSOR DEVICE
5501 <
INTTALIZE SOUNDPROGE
PERFORMANCE
INFORMATION
S50 N
SEND RESPONSE WITH
5503 |UNIQUE INFORMATION
SEND RESPONSE WITH
900 [« oz |UNIQUEINFORMATION
INITIALIZE UNIQUE
INFORMATION
5506
B SEND RESPONSE
508 3507 WITH PROPERTY
INITIALIZE PROPERTY
8509 N
< 5510 [ SENDRESPONSE
S511—, WITH PROPERTY
INITIALIZE PROPERTY
$512—
NTIALZE
INSTALLATION
LOCATION




U.S. Patent Aug. 27, 2019

Sheet 9 of 27

US 10,394,517 B2

FIG. 11
103 2010 2020
HOUSE BIOLOGICAL
CONTROLLER SENSOR DEVICE
]
5621 SEND NOTIFICATION
_
5522 I¢ OF SLEEP STATE
UPDATE DEVICE
MANAGENENT INFORMATION
S523—
G
| 3524 N
9525
SET UPPER-LIMIT VALUE
’ 8526
REQUEST SLEEP STATE 5531
3532
SEND RESPONSE
< WITH SLEEP STATE
3541
& 5542
SOUND VOLUME CONTROL




U.S. Patent

Aug. 27,2019 Sheet 10 of 27

FIG. 12

START
5601

RECEIVE REQUEST FOR
SETTING UPPER-LIMIT VALUE

v S0
SET UPPER-LIMIT VALUE

5603

DOES
CURRENT SOUND
VOLUME SETTING EXCEED
UPPER-LIMIT
VALUE?

YES  sp04

MILDLY REDUCE SOUND VOLUME
SETTING TO UPPER-LIMIT VALUE

t 5605

TRANSMIT RESPONSE

END

US 10,394,517 B2



U.S. Patent Aug. 27,2019  Sheet 11 of 27 US 10,394,517 B2

FIG. 13

S701

ACCEPT USER'S OPERATION
OF SOUND VOLUME BUTTON

SOUND VOLUME BE
CHANGED?

USER'S OPERATION OF
SOUND VOLUME BUTTON
CONTINUE?

YES

15 SOUND
VOLUME UPPER-LIMIT
VALUE MAX?

vy 5705
CHANGE SOUND VOLUME

5706

CHANGE SOUND
VOLUNE ONLY BY ONE STEP
! 8707

WAIT UNTIL USER'S OPERATICN
OF SOUND VOLUME BUTTON ENDS




U.S. Patent Aug. 27,2019 Sheet 12 of 27 US 10,394,517 B2

FIG. 14

START
51401

SEARCH FOR INFLUENTIAL DEVICE BY REFERRING
T0 UPDATED DEVICE MANAGEMENT INFORMATION

v $1402

REFER TO SLEEP STATE OF DEVICE
MANAGEMENT INFORMATION

v 51403
REFERTO LIMITATION INFORMATION
I S1404
REFER 10 SOUNDPROOF

PERFORMANCE INFORVATION

v 51405
DECIDE UPPERLIMIT VALUE

v $1406

UPDATE UPPER-LIMIT VALUE OF DEVICE MANAGEMENT
INFORMATION TO DECIDED UPPER-LIMIT VALUE

END



U.S. Patent Aug. 27, 2019

FIG. 15

START
5701

Sheet 13 of 27

ACCEPT USER'S OPERATION
OF SOUND VOLUME BUTTON

US 10,394,517 B2

SOUND VOLUME BE
CHANGED?

S703
DOES
USER'S OPERATION OF

SOUND VOLUME BUTTON
CONTINUE?

NO

1S SOUND
VOLUME UPPER-LIMIT

S704
YES

VALLE NAY?
705
CHANGE SOUND VOLUNE
>
_S706
CHANGE SOUND
VOLUNE ONLY BY ONE STEP
v ST
PERFORM SLEEP PROCESS FOR
PREDETERMINED PERIOD OF TINE

END



U.S. Patent

Aug. 27,2019 Sheet 14 of 27

FIG. 16

START
5601

RECEIVE REQUEST FOR
SETTING UPPER-LIMIT VALUE

v S0
SET UPPER-LIMIT VALUE

v S
SET SUSTITLE MODE

5603

DOES
CURRENT SOUND
VOLUME SETTING EXCEED
UPPER-LIMIT
VALUE?

B sh04

MILDLY REDUCE SOUND VOLUME
SETTING TO UPPER-LIMIT VALUE

i‘ 5605

TRANSMIT RESPONSE

END

US 10,394,517 B2



US 10,394,517 B2

Sheet 15 of 27

Aug. 27, 2019

U.S. Patent

o uaEs < U
o
Lz
Y Y Y Y A 4
LIND LINN TO4INOD LINN TOMINOD | LINN T04LNOD NOILYOINNWWOD |
TOMINOD IN| [NOILYOINNINNOD NOLLYOINNIWNOD —
~ — c0ce 8007 910¢
@Nowe 1202 e T H.i!_
I | |
_ [ LINA _ N 1
' [a0907 “_ VA | _H_m@@z_ INY3130 3LYLS 93318
LINN ONISSII0H ¥LYA _ I 907 _ $10C a
2002 Il 10ze’ n
/ | mﬁg A:V: A oZH__%_._ m M_ws H_%a H_w:
_ <>
H 1202 H | [woow [ Mhood | notLEkol ] | [lenwnom lowurinomo | s non
1NN 1041N00| [LNn Tounoo] || | S99¢ i} goae? | |LEELE7EH [|ASOL VIS NOLLON EN%
oliany =} ' ag 1o [ NN | [v102 » €102 »
— — | | 301A0q [T ONIDYNYIN (> _ ¢loe
24V 2z0z ! i1 [ 30IA30 |
Tnoinamo T IN | uNn 1 1002 €002 1 [40SNGS INLSNISINSS T |
OiNY ~ ||AV1dSI0 OIA| | | | 397¥0LS 11 __ LINNTO¥INOO30IA3Q__ | e
= = 2008 10027 Hoe
5¢0¢ €¢0¢  301A30 Y3 TI04LNOD ISNOH ¥OSNAS WII90101d
— — —
0202 oLl 0102
Ll "Old




U.S. Patent Aug. 27,2019  Sheet 16 of 27 US 10,394,517 B2
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1

CONTROL METHOD, CONTROLLER, AND
DEVICE

BACKGROUND

1. Technical Field

The present disclosure relates to control methods, con-
trollers, 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

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.

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.

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

SUMMARY

However, the related art described above requires further
improvements.

In one 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.

These general and specific aspects may be implemented
using a system, a method, and a computer program, and any
combination of systems, methods, and computer programs.

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

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

FIG. 1 is a diagram of an overview of service to be
provided by a device control system in the present embodi-
ments;
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FIG. 2 is a diagram of an example in which a device
manufacturer corresponds to a data center operating com-
pany in the present embodiments;

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

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

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

FIG. 6 is a diagram of an example of soundproof perfor-
mance information in a room database;

FIG. 7 is a diagram of an example of limitation informa-
tion stored in a storage unit;

FIG. 8 is a diagram of structure of the device control
system using a radio sensor in the first embodiment;

FIG. 9 is a diagram of an example of updated device
management information in the device database;

FIG. 10 is a diagram of an initial operation sequence of
the device control system in the first embodiment;

FIG. 11 is a diagram of a normal operation sequence of the
device control system in the first embodiment;

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

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

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

FIG. 15 is a flowchart of details of a sound volume control
process different in procedure from those in FIG. 13;

FIG. 16 is a flowchart of details of an upper-limit value
setting process different in procedure from those in FIG. 12;

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

FIG. 18 is a diagram of an example of log information in
a log database;

FIG. 19 is a diagram of device management information
when soundproof performance information is not corrected,

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

FIG. 21 is a diagram of device management information
when the soundproof performance information is corrected;

FIG. 22 is a diagram of a normal operation sequence of
the device control system in the second embodiment;

FIG. 23 is a diagram of structure of a device control
system in a third embodiment;

FIG. 24 is a diagram of an initial operation sequence of
the device control system in the third embodiment;

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

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);

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

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

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 Dis-
closure)

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

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 simultaneously 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 Appli-
cation Publication No. 2015-15159, technical solutions for
satisfying this need are not sufficiently studied.

From the above considerations, the inventor has con-
ceived disclosures of aspects according to the present dis-
closure as follows.

(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 cor-
responding 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.

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.

(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.

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.

(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
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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.

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.

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

(5) In the first aspect, the first space may include a
bedroom.

(6) In the first aspect, the biological sensor may include a
vibration sensor installed in a bedding disposed in the
bedroom.

(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.

(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.

(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 information in the
memory, the operation log information indicating a corre-
spondence 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 information 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 information becomes
shallow a predetermined number of times or more after the
increasing the sound volume of the first device.

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

(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 infor-
mation in the memory, the operation log information indi-
cating 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.

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

(11) A second aspect of the present disclosure is directed
to a method of controlling a device included in a predeter-
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mined space, the method including: receiving, from a pro-
cessor, 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 predeter-
mined 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 sleep-
ing person at the sleep state and still be heard by an awake
person.

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.

(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 illuminance level in
the device as the illuminance upper-limit value, wherein the
database may further indicate a correspondence 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 information 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.

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.

(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.

According to this aspect, when the sound volume output-
ted from the device exceeds the upper-limit value, the sound
volume is changed to the upper-limit value. Therefore, it is
possible to prevent sleeper’s sleep from being interrupted.

(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 predetermined
rate of change in a stepwise manner.

According to this aspect, the sound volume outputted
from the device is mildly decreased to be changed to the
upper-limit value. Therefore, it is possible to prevent sleep-
er’s sleep from being interrupted.

(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.
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According to this aspect, the sound volume outputted
from the device is mildly decreased to be changed to the
upper-limit value. Therefore, it is possible to prevent sleep-
er’s sleep from being interrupted.

(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.

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.

(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.

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.

In the following, embodiments of the present disclosure
are described with reference to the drawing. Note that the
embodiments described below are each merely a specific
example of the present disclosure. Numerical values, 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 components. Also, details
in all of the embodiments can be combined in any manner.
(Overview of Service to Be Provided)

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

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.

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 includ-
ing 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.

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
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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.

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.

The service provider 1120 includes a server 1121. The
server 1121 herein is irrespective of the size, and also
includes, for example, a memory in a personal PC. Also, the
service provider 1120 may not include the server 1121.

Next, a flow of information in the above-described device
control system is described.

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).

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.

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 information
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. Furthermore,
sensor data of the plurality of sensors 1104 as log informa-
tion may also be provided to the cloud server 1111.

Next, the cloud server 1111 of the data center operating
company 1110 provides the accumulated log information 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 accumulated 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 informa-
tion 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
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as necessary in the server 1121 owned by the service
provider 1120 (an arrow 1132 in FIG. 1).

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

As a method of providing the information to the users
1010 and 1020, for example, the information may be pro-
vided 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.

Note that the user 1010 may be different from or identical
to the user 1020.

First Embodiment

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)

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.

The biological sensor 2010 includes a pressure-sensitive
sensor 2011, a body motion calculating unit 2012, a respi-
ratory calculating unit 2013, a heartbeat calculating unit
2014, a sleep state determining unit 2015, and a communi-
cation control unit 2016. The body motion calculating unit
2012, the respiratory calculating unit 2013, the heartbeat
calculating unit 2014, and the sleep state determining unit
2015 each include, for example, a central processing umt
(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.

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.

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.

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.
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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.

The heartbeat calculating unit 2014 extracts vibrations 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.

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 calculat-
ing 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.

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 processing
unit 2021, a video control unit 2022, a video display unit
2023, an audio control unit 2024, an audio output unit 2025,
a user interface (UI) control unit 2026, and a communication
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.

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 pro-
cessing unit 2021 communicates with the house controller
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.

The UI control unit 2026 includes a sound volume button
to be operated by the user. The UI control unit 2026 accepts
operation of the sound volume button by the user and
outputs an operation amount to the data processing unit
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.

Note that the device 2020 is not restricted to the televi-
sion. The device 2020 may be, for example, a smartphone,
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
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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.

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

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 unit
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.

The device managing unit 2004 manages device manage-
ment 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.

FIG. 5 is a diagram of an example of the device manage-
ment 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.

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 “bio-
logical sensors”, and two “lighting devices” are depicted as
the device class 503. The identifier 504 is a unique code
provided to a device.

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 indicates an illumi-
nance upper limit being set. The property 515 indicates a
current sound volume. The property 516 indicates a sound
volume upper limit being set.

The house controller 1103 manages devices including the
devices 2020 such as a television and lighting device and the
biological sensor 2010 as abstraction objects. In the abstrac-
tion object of each device, control information and so forth
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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.

For example, when the device class 503 is “sensor”, the
property 513 indicates a sleep state of a sensor’s detection
target (sleeper) (that is, the determination result of 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.

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

On the other hand, since the property 513 (sleep state) of
each of the device IDs 501 being “Sensorl” 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.

FIG. 6 is a diagram of an example of the soundproof
performance information 600 stored in the room DB 2007.
The soundproof performance information 600 indicates
soundproof performance between rooms. In the soundproof
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.

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”.

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.

FIG. 7 is a diagram of an example of limitation informa-
tion 700 stored in the storage unit 2002. The limitation
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 illu-
minance limitation value 703 are set in advance so as to
correspond to the sleep state 701.

As depicted in FIG. 7, as a sleep state 701, the limitation
information 700 includes a sleep state NREM1, a sleep state
NREM?2, a sleep state NREM3, and a sleep state NREM4.
Human sleep in the sleep state NREMI1 is the shallowest,
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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.

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 1x so as to correspond to the sleep state
NREM?2; the sound volume limitation value is set at 30 dB
and the illuminance limitation value is set at 40 1x so as to
correspond 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 1x so as to correspond to the sleep state
NREM4. In this manner, as sleep gets deeper, the sound
volume and illuminance limitation values are higher.

Also, 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 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.

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 operation limiting umt
2003 will be described in detail further below.

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.

FIG. 8 is a block diagram schematically depicting the
structure of the device control system including the biologi-
cal 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.

The radio sensor 2111 transmits an electromagnetic wave
of, for example, a 24 GHz band, and receives the electro-
magnetic 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.

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).

Note that while the biological sensor 2010 includes the
body motion calculating unit 2012, the respiratory calculat-
ing 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 FIG. 8, the present embodiment is not
restricted to this structure.
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For example, the house controller 1103 may include the
body motion calculating unit 2012, the respiratory calculat-
ing 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 pres-
sure-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.

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.

FIG. 9 is a diagram of an example of the device manage-
ment 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).

In the device management information 500 of FI1G. 9, in
each device with the property 511 (installation location)
being “2F main bedroom”, the property 513 (sleep state)
with the device ID 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.

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.

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 1x” as the illuminance limitation value 703 corre-
sponding to the sleep state 701 being “NREM3”.

Also, the operation limiting unit 2003 reads the sound-
proof 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”.

The operation limiting unit 2003 sets the illuminance
limitation value 703 (FIG. 7) in the limitation information
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 “tele-
vision” and “lighting device” of “2F main bedroom”.

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,
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.
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For example, “30 dB” as the sound volume limitation
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.

Also, for example, “30 dB” as the sound volume limita-
tion value 702 corresponding to the sleep state 701 being
“NREM3” is corrected with “~10 dB” as the soundproof
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)

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.

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.

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.

The unique information includes the device ID 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.

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 infor-
mation regarding the biological sensor 2010 and the device
2020 connected to the network (that is, the device ID 501,
the IP address 502, the device class 503, and the identifier
504) in the device management information 500.

Next, at step S506, the house controller 1103 requests the
biological sensor 2010 to transmit three properties. 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.

Next, at step S509, the house controller 1103 requests the
device 2020 to transmit six (or four) properties. 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 embodiment,
television and lighting device) in the device management
information 500.
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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, respectively, is
blank.

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 man-
agement information 500 in the device DB 2005 is com-
pleted.

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.

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.

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 man-
agement information 500. Step S523 will be described in
detail further below with reference to FIG. 14.

Subsequently, at step S524, via the communication con-
trol 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 8525 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.

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 bio-
logical 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.

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.

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

Note that the sequence diagram of FIG. 11 represents 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.
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FIG. 12 is a flowchart of details of an upper-limit value
setting process in the device 2020 at step S525 of FIG. 11.

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.

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.

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.

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

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 unit 2021
(step S701). The audio control unit 2024 determines whether
the sound volume can be changed (step S702).

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.

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 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.

If the user’s operation of the sound volume button con-
tinues (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.

On the other hand, when the sound volume upper-limit
value is not MAX (NO at step S704), that is, when setting
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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.

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

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”.

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 management 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).

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

The device managing unit 2004 decides an illuminance
upper-limit value of “television” and “lighting device” in
“2F main bedroom” as “40 1x” extracted as the illuminance
limitation value 703.

The device managing unit 2004 decides a sound volume
upper-limit value of “television” in “2F main bedroom” as
“30 dB” extracted as the sound volume limitation value 702,
because the soundproof performance value 602 in the sound-
proof performance information 600 is “0 dB”.

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 infor-
mation 600 is “~10 dB”.

At step S1406 subsequent thereto, the device managing
unit 2004 updates the illuminance upper limit (property 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.
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(Operations and Effects)

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.

Also, in general, the sleeper is prone to react to a rapid
increase or decrease in sound volume. By contrast, accord-
ing 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

(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.

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 S717 is performed in the
procedure of FIG. 15. At step S717, the CPU of the device
2020 performs a sleep process for a predetermined period of
time. Then, the process returns to step S702. In this struc-
ture, 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.

(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.

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 small
sound volume can be complemented, and convenience for a
user viewing the device 2020 (television) can be improved.

(3) In FIG. 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

In the above-described first embodiment, the operation of
setting an upper-limit value of the device 2020 has been
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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 refer-
ence characters provided.

(Structure)

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 managing unit
2006. The storage unit 2002 includes a log DB 2202, in
addition to the device DB 2005 and the room DB 2007.

The log managing unit 2201 generates log information
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.

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
1D 1802, a property number 1803, and a property value
1804.

The device ID 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
ID 501 in the device management information 500. The
property number 1803 indicates the property 513 or 515 in
the device management information 500. A property number
“3” of FIG. 18 indicates the property 513 (sleep state or
illuminance) of F1G. 5, and a property number “5” of FIG.
18 indicates the property 515 (sound volume) of FIG. 5. The
property value 1804 indicates a value of the property num-
ber 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.

In the log information 1800 of FIG. 18, a sleep state
“NREM3” is determined by the biological sensor 2010 with
the device ID 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.

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

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.
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The server 1121 in the second embodiment may be hardware
or software such as a learning application.

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 performance
value 602 of the soundproof performance information 600 is
not appropriate, and corrects the soundproof performance
information 600 so that the soundproof performance infor-
mation 600 includes a more suitable soundproof perfor-
mance value 602. The server 1121 transmits the correct new
soundproof performance information 600 to the house con-
troller 1103.

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.

FIG. 19 is a diagram of the device management informa-
tion 500 when the sleep state is changed from “NREM3” to
“NREM?2” 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 perfor-
mance information 600. FIG. 21 is a diagram of the device
management information 500 when the sleep state is
changed from “NREM3” to “NREM?2” and the soundproof
performance information 600 is corrected in the present
embodiment. In the device management information 500 of
FIG. 19, values changed from the device 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.

As described above, the device management information
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 Ix”.

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”.

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
FIG. 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.
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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)

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.

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.

Steps S541 and 8542 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.

At step S561 of FIG. 22, the house controller 1103
uploads the log information 1800 stored in the log DB 2202,
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)

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

(1) In the second embodiment, when it is determined 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.

(2) In the second embodiment, when it is determined that
the change in sound volume and the change of the sleep state
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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

In the second embodiment, the operation of calculating 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 pro-
vider in place of a house controller is described. Note in the
following that, for simplification of description, structures
similar to those of the first embodiment are provided with a
similar reference character and detailed description thereof
are omitted.

(Structure)

FIG. 23 is a diagram schematically depicting the structure
of the device control system in the third embodiment. In
FIG. 23, the server 1121 has a function as a replacement for
the house controller 1103 (FIG. 17) of the second embodi-
ment. 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)

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

At step S571, the device control unit 2001B of the server
1121 sets an initial value of the soundproof performance
value 602 in the soundproof performance information 600
(FIG. 6). The device control unit 2001B stores the sound-
proof 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.

At step 8572, the biological sensor 2010 transmits the
items 501 to 504 and 511 to 513 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).

At step S573, the device control unit 2001B of the server
1121 registers the transmitted device management informa-
tion 500 regarding the biological sensor 2010 in the device
DB in the storage unit 2002B. With this, the device man-
agement information 500 regarding the biological sensor
2010 is initialized. Note that the biological sensor 2010 may
have a function of allowing the user 1010 to set its instal-
lation location. The biological sensor 2010 may transmit
information set by the user 1010 to the server 1121 as the
property 511 (installation location) of the device manage-
ment information 500.

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

At step S576, the device control unit 2001B of the server
1121 registers the transmitted device management informa-
tion 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.

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, initialization of
the device management information 500 is completed.

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 1121 of the
sleep state at predetermined time intervals (arrows 1131 and
1132). When determining that the sleep state of the biologi-
cal 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. Alterna-
tively, a change in setting may be achieved by inquiring
from the device 2020 to the server 1121 at predetermined
time intervals about whether to change setting.
(Operations and Effects)

As described above, according to the third embodiment,
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)

(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.

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.

(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
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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.

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.

The control value obtained by converting the illuminance
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.

Note that the technology described in the above embodi-
ments can be achieved in, for example, cloud service types
below. However, the cloud service types where the technol-
ogy described in the above embodiments is achieved are not
meant to be restrictive.

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

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.

In this 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: 1aaS Use Type Cloud Service)

FIG. 27 is a diagram of an overview of service to be
provided by the device control system in a service type 2
(TaaS use type cloud service). Here, aaS 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.

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)

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 abbreviation
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.

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
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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)
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 abbreviation
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.
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).
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 development thereof
to a third party.
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 sound volume to be set
for the first device based on the obtained sleep infor-
mation 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.

2. The method according to claim 1, wherein

the first database further indicates a correspondence

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

the method further comprising:

determining, by the processor, a first illuminance level
of the first device based on the obtained sleep
information and the first database, and

transmitting, 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 illumi-
nance level of the corresponding device being a
predetermined illuminance level which does not
awake the sleeping person at the sleep state while
providing visibility for the awake person.

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

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
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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.

4. The method according to claim 1, wherein

the biological sensor is attached to the person.

5. The method according to claim 1, wherein

the first space includes a bedroom.

6. The method according to claim 5, wherein

the biological sensor includes a vibration sensor installed
in a bedding disposed in the bedroom.

7. The method according to claim 5, wherein

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

8. 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.

9. 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 a sound volume 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 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
information becomes shallow a predetermined number
of times or more after the increasing the sound volume
of the first device.

10. The method according to claim 3, 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 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
information becomes shallow a predetermined number
of times or more after the increasing the sound volume
of the second device.

11. A method of controlling a device included in a

predetermined space, the method comprising:

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
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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 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 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.
12. The method according to claim 11, further compris-
ing:
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 illuminance level in the device as the
illuminance upper-limit value, wherein
the database further indicates a correspondence between
the sleep state and a target illuminance level of a
corresponding device,
the first sound volume is determined by the processor
based on the sleep information and the database, and
the target illuminance level of the corresponding device is
a predetermined illuminance level which does not
awake the sleeping person at the sleep state while
providing visibility for the awake person.
13. The method according to claim 11, further compris-
ing:
determining, by the processor, whether a second sound
volume, which is a volume setting different from the
first sound volume, exceeds the first sound volume that
is set as the sound volume upper-limit value; 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.
14. The method according to claim 13, further compris-
ing:
changing a sound volume of the device from the second
sound volume to the first sound volume at a predeter-
mined rate of change in a stepwise manner.
15. The method according to claim 11, further compris-
ing:
changing a sound volume of the device to the first sound
volume or lower at a predetermined rate of change in a
stepwise manner.
16. The method according to claim 11, further compris-
ing:
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 sub-
titles, causing the device to replay the contents at the
first sound volume with the subtitles.
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17. The method according to claim 11, wherein
the device includes a display, and
the method further comprising:
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.
18. 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 sound volume of the
device based on a 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
the communicator transmits, to the device, a command for
setting the first sound volume in the device as a sound
volume upper-limit value.
19. 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 sound
volume in the device as a sound volume upper-limit
value,
the processor sets the first sound volume as the sound
volume upper-limit value in the device,
the first sound volume 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 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.
20. The method according to claim 1, wherein
wherein the target sound volume corresponding to the first
device is a sound volume of the first device in the first
space, the sound volume at which the first device does
not awake the sleeping person at the sleep state that is
in the first space and still be heard by the awake person
that is in the first space.
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