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Description
TECHNICAL FIELD

[0001] The presentinvention relatestoadevice control
apparatus and a device control system, and particularly
to a device control apparatus and a device control system
that control one or more control target devices.

BACKGROUND ART

[0002] There are conventional control systems that
control a plurality of devices in a cooperative manner.
For example, an air conditioning system described in
Japanese Patent Application Publication No.
2008-249233 sets data indicating operation target devic-
es, operation details, operation conditions, and effective
periods and performs remote control of air conditioning
devices in accordance with the conditions indicated by
the data.

SUMMARY OF THE INVENTION

[0003] However,the conventional control systems per-
form the cooperative control in accordance with the con-
ditions that have been set manually inadvance, sounless
a large number of conditions are set, it is difficult to per-
form precise control according to fluctuation of its envi-
ronment. In particular, in order to control cooperatively a
large number of devices of different types, a huge number
of combinations of conditions and control details should
be considered, therefore manual setting is very difficult.
[0004] The present invention is made to solve the
above problem and has a purpose to control a plurality
of control target devices of different types automatically
in a cooperative manner.

[0005] A device control apparatus according to the
present invention includes: a storage unit configured to
store device control effectinformation indicating, for each
of a plurality of control target devices, the control target
device, a control detail, and an effect that is caused by
the control detail of the control target device and can be
sensed by a user who is present in the same space as
the control target device; a control detail selecting unit
configured to select the control target device and the con-
trol detail that cause the effect of achieving a predeter-
mined purpose, from among the plurality of control target
devices, on the basis of the device control effect infor-
mation; and a command transmitting unit configured to
transmit a device control command corresponding to the
control detail selected by the control detail selecting unit,
to the control target device selected by the control detail
selecting unit.

[0006] A device control system according to the
presentinvention includes a plurality of control target de-
vices and a device control apparatus that controls each
of the plurality of control target devices. The device con-
trol apparatus includes: a storage unit configured to store
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device control effect information indicating, for each of
the control target devices, the control target device, a
control detail, and an effect that is caused by the control
detail of the control target device and can be sensed by
a user who is present in the same space as the control
target device; a control detail selecting unit configured to
select the control target device and the control detail that
cause the effect of achieving a predetermined purpose,
from among the plurality of control target devices, on the
basis of the device control effect information; and a com-
mand transmitting unit configured to transmit a device
control command corresponding to the control detail se-
lected by the control detail selecting unit, to the control
target device selected by the control detail selecting unit.
[0007] According to one aspect of the present inven-
tion, it is possible to control a plurality of control target
devices of different types automatically in a cooperative
manner.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

FIG. 1 is a schematic diagram illustrating a configu-
ration of a device control system according to a first
embodiment.

FIG. 2 is a block diagram that schematically illus-
trates a configuration of a device control apparatus
in the first embodiment.

FIG. 3is a schematic diagram illustrating an example
of device management information in the first em-
bodiment.

FIG. 4 is a schematic diagram illustrating an example
of device control effect information in the first em-
bodiment.

FIG.5is aschematic diagramillustrating an example
of a computer in the first embodiment.

FIG. 6 is a block diagram that schematically illus-
trates a configuration of a control target device in the
first embodiment.

FIG. 7 is a flowchart illustrating a sequence of a proc-
ess performed by the device control apparatus in the
first embodiment.

FIG. 8 is a schematic diagram illustrating a configu-
ration of a device control system according to a sec-
ond embodiment.

FIG. 9 is a block diagram that schematically illus-
trates a configuration of a device control apparatus
in the second embodiment.

FIG. 10 is a schematic diagram illustrating an exam-
ple of target value information in the second embod-
iment.

FIG. 11 is a flowchart illustrating a sequence of a
process performed by the device control apparatus
in the second embodiment.

FIG. 12 is a schematic diagram illustrating a config-
uration of a device control system according to a
third embodiment.
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FIG. 13 is a block diagram that schematically illus-
trates a configuration of a device control apparatus
in the third embodiment.

FIG. 14 is a schematic diagram illustrating an exam-
ple of a first part of device control effect information
in the third embodiment.

FIG. 15is a schematic diagram illustrating an exam-
ple of a second part of the device control effect in-
formation in the third embodiment.

FIG. 16 is a schematic diagram illustrating an exam-
ple of person position information in the third embod-
iment.

FIG. 17 is a flowchart illustrating a sequence of a
process performed by the device control apparatus
in the third embodiment.

MODE FOR CARRYING OUT THE INVENTION
First Embodiment.

[0009] FIG. 1is aschematic diagram illustrating a con-
figuration of a device control system 100 according to
the first embodiment.

[0010] The device control system 100 includes a de-
vice control apparatus 110 and one or more control target
devices 130. In the first embodiment, the control target
devices 130 are described as an air conditioner 130A, a
television 130B, and a cooking heater 130C, but these
are examples, so the control target devices 130 are not
limited to these devices. The control target devices 130
may be any devices that can be operated remotely.
[0011] Itis assumed that the device control apparatus
110 and each of the control target devices 130 are ca-
pable of communicating with each other. Specifically,
means for performing communication is Ethernet (regis-
tered trademark), wireless LAN, or infrared communica-
tion, for example, but is not limited to these means. The
means for performing communication may be any com-
munication medium that is capable of transmitting device
control commands as described later.

[0012] The device control apparatus 110 is capable of
transmitting device control commands to each of the con-
trol target devices 130. The device control command in-
dicates an execution instruction of a control detail such
as a change of power supply status, drive mode, or set-
ting information. For example, the air conditioner 130A
uses control instructions such as "power supply ON",
"power supply OFF", "drive mode cooling", "drive mode
heating", "set temperature 28°C", and "set temperature
29°C", and these respective control instructions are as-
signed different device control commands.

[0013] In general, a device control command is an en-
coded value by which each of the control instructions can
be identified. Itis assumed that correspondence between
each of the control instructions and each of the encoded
values is determined in advance for each type of the con-
trol target devices 130.

[0014] The correspondence between each of the con-
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trol instructions and each of the encoded values may be
compliant with a standardized protocol such as ECHO-
NET Lite (registered trademark), for example. Moreover,
the correspondence between each of the control instruc-
tions and each of the encoded values may be shared
only between the device control apparatus 110 and the
control target devices 130 that constitute a specific de-
vice control system.

[0015] Determination oftime points at which the device
control apparatus 110 transmits device control com-
mands, selection of the control target devices 130 as
transmission targets, and selection of control instructions
may be performed automatically in the device control ap-
paratus 110, or may be performed in accordance with
explicit instructions by a user.

[0016] When the user explicitly gives instructions, the
user may operate a remote control. Besides, the device
control apparatus 110 may be equipped with buttons for
user’s operation as well as the remote control and the
device control commands corresponding to the buttons
pressed by the user may be transmitted. Further, it is
preferable thatthe device controlapparatus 110 may also
be equipped with a display device and the user may carry
out operation interactively to select the control target de-
vice 130 as the target to which the device control com-
mand is transmitted and to select the control instruction.
[0017] Moreover, the device control apparatus 110 is
capable of obtaining device status information indicating
a status of the device, from each of the control target
devices 130. The device status information includes a
control detail such as a status of power supply, a drive
mode, and setting information, information based on a
value detected by a sensor equipped in the device, and
so on. The device status information is a predetermined
value for each type of the control target devices 130, like
the device control commands.

[0018] When the device control apparatus 110 obtains
the device status information from each of the control
target devices 130, it can notify the user of the device
status information and use the device status information
for determining transmission of device control com-
mands.

[0019] Next, the components of the device control ap-
paratus 110 will be described.

[0020] FIG. 2 is a block diagram that schematically il-
lustrates the configuration of the device control apparatus
110.

[0021] The device control apparatus 110 includes a
communication unit 111, an information obtaining unit
112, a storage unit 113, a control detail selecting unit
114, and a command transmitting unit 115.

[0022] The communication unit 111 communicates
with each of the control target devices 130. For example,
the communication unit 111 transmits device control
commands to the control target devices 130, and re-
ceives various types of information including the device
status information from the control target devices 130.
The medium used in the communication is, for example,
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Ethernet, a wireless LAN, infrared communication, or the
like, as described above.

[0023] The information obtaining unit 112 obtains in-
formation from each of the control target devices 130 via
the communication unit 111. The information obtained
by the information obtaining unit 112 includes device lo-
cation information, device control command information,
individual device control effect information, and device
status information. In addition, the information obtaining
unit 112 stores the obtained information in the storage
unit 113.

[0024] The device location information is information
indicating locations at which the respective control target
devices 130 are installed. For example, the installed lo-
cation is defined, as a unit, by a room such as a living
room, a main bedroom, or a bathroom, in order to identify
the control target devices 130 installed in the same room.
For example, a unique number is assigned to each of the
rooms, and the number assigned to each of the rooms
in which the respective control target devices 130 are
installed is used as the device location information.
[0025] Moreover, places narrower than the rooms may
be used as units indicating installed locations for some
control target devices 130. For example, a living room
may be divided into a living room west side and a living
room east side, in order to use them as units for the lo-
cations in which the control target devices 130 are in-
stalled. In this case, the sizes of the units may be different
in such a manner that the device location information of
one of the control target devices 130 indicates the living
room and the device location information of another one
of the control target devices 130 indicates the living room
westside. In this case, a plurality of control target devices
130 having device location information indicating differ-
ent unit sizes are present in the device control system
100.

[0026] If a plurality of items of device location informa-
tion indicating different unit sizes are present, it is desir-
able that the hierarchical relationship of the device loca-
tion information can be determined. The hierarchical re-
lationship is a relationship indicating that if an area indi-
cated by one item of the device location information in-
cludes an area indicated by another one item of the de-
vice location information, the one item of the device lo-
cation information including the another is at a higher
level than the another. For example, the living room west
side is a divided part of the living room, therefore the
living room includes the living room west side and the
living room is at a higher level than the living room west
side. In the same way, the living room is also at a higher
level than the living room east side. Thus, a control target
device 130 in the living room west side and a control
targetdevice 130 in the livingroom east side are identified
to be installed in the same living room.

[0027] For example, hierarchical relationship informa-
tion indicating the hierarchical relationship may be stored
in the storage unit 113. In addition, the hierarchical rela-
tionship identifying information indicating the hierarchical
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relationship may be included in the device location infor-
mation. Specifically, by adding hierarchical relationship
identifying information indicating the device location in-
formation of a higher level to the device location informa-
tion of a lower level, the hierarchical relationship is iden-
tified.

[0028] For example, by retaining the value that is input
on installing each of the control target devices 130, the
device control apparatus 110 is capable of obtaining the
device location information.

[0029] The device control command information is in-
formation indicating a list of device control commands
that each of the control target devices 130 process. For
example, in the protocol of ECHONET Lite, information
named SET property map, which corresponds to the de-
vice control command information, is prescribed. The de-
vice control apparatus 110 receives the SET property
map from each of the control target devices 130, thereby
obtaining a list of items of commands which the control
target devices 130 can accept, such as power supply
status and drive mode. Moreover, the device control com-
mand information may include codes that are transmitted
as device control commands.

[0030] In addition, the first embodiment is configured
to obtain the device control command information from
each of the control target devices 130, but is not limited
to this example. For instance, the device control appa-
ratus 110 may obtainit by searching an external database
on the basis of identification information such as a model
number of each of the control target devices 130. More-
over, if the types of the control target devices 130 are
fixed, the device control apparatus 110 may retain the
information inside in advance.

[0031] As arule, the device control command informa-
tion is specific to a device and does not change. Hence,
as to the timing of obtaining it, for example, it is sufficient
to obtain it once when the device control apparatus 110
starts and thereafter each time the device control appa-
ratus 110 finds a new control target device 130. Alterna-
tively, each of the control target devices 130 may be con-
figured to transmit the device control command informa-
tion to the device control apparatus 110 on starting in
order that the information obtaining unit 112 may receive
it.

[0032] The device status information is information in-
dicating the status of each of the control target devices
130, in other words, the control detail in each of the control
target devices 130. That is, the device status information
indicates the detail of control that each of the control tar-
get devices 130 is executing in accordance with a control
instruction or a combination of control instructions. The
device status information includes information such as a
power supply status and a drive mode or information
based on a value detected by a sensor equipped in the
device, for example.

[0033] As to timing at which the information obtaining
unit 112 obtains the device status information, it is ac-
ceptable to obtain it on a regular basis, such as at one
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minute intervals, for example.

[0034] The individual device control effect information
indicates, for each control detail, in the case where the
control detail corresponding to a control instruction or a
combination of control instructions according to one or
more device control commands included in the device
control command information is executed in accordance
with a predetermined procedure, how much the effect of
a control target device 130 changes as compared with
before the control detail corresponding to the control in-
struction or the combination of control instructions is ex-
ecuted.

[0035] Itis notnecessarythatthe individual device con-
trol effect information includes all effects of the control
details corresponding to the control instructions or the
combinations of the control instructions, therefore it is
acceptable that the effect of the control detail that does
not change its effect even if it is executed is not included.
Moreover, the individual device control effect information
need not include the effect of a control detail that is un-
likely to be executed in practice such as a control detail
that causes an excessive change in temperature setting
of an air conditioner or a sound volume of a television.
[0036] Here, the generated effects are effects that can
be perceived by users in spaces where the control target
devices 130 areinstalled; in the case of the air conditioner
130A, for example, the effects indicate a temperature
change, noise, or the like, in a specific drive mode or
temperature setting.

[0037] Moreover, the individual device control effect
information may include information indicating whether
the effect generated when the status of the control target
device 130 is a specific status is a main effect or a side
effect. The main effect is an effect that is intentionally
generated when the control target device 130 is in the
specific status. Moreover, the side effect is an effect that
is generated unintentionally in the specific status.
[0038] For example, in the case of the air conditioner
130A, when the drive mode is cooling, absorbing heat is
intended and therefore the effect of heat absorption is
the main effect. On the other hand, the effect of sound
emission in working the air conditioner 130A is not in-
tended and therefore it is the side effect.

[0039] The storage unit 113 stores information that is
necessary for the processes in the device control appa-
ratus 110. For example, the storage unit 113 stores the
device location information, the device control command
information, and the individual device control effect infor-
mation which are obtained by the information obtaining
unit 112. In the first embodiment, the storage unit 113
stores the device control effect information and device
management information including the device location
information and the device control command information.
The device control effect information is information in
which all items of the individual device control effect in-
formation are gathered.

[0040] FIG. 3is a schematic diagram illustrating an ex-
ample of the device management information.
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[0041] As illustrated in the drawing, the device man-
agement information 150 is information in the form of a
table including a device name field 150a, a device ad-
dress field 150b, a device location information field 150c,
and a device control command information field 150d.
[0042] The device name field 150a stores device
names as control target device identification information
for identifying the control target devices 130.

[0043] The device address field 150b stores commu-
nication addresses, for example, IP addresses, of the
control target devices 130.

[0044] The device location information field 150c
stores the device location informationindicating locations
(spaces) in which the control target devices 130 are in-
stalled. The device location information field 150c stores
the device location information obtained by the informa-
tion obtaining unit 112.

[0045] The device control command information field
150d stores information indicating details of device con-
trol commands that are to be transmitted to the control
target devices 130. For example, the device control com-
mand information field 150d includes an item field 150e
and a control instruction field 150f.

[0046] The item field 150e stores items that are con-
trolled by the device control commands.

[0047] The controlinstruction field 150f stores informa-
tion indicating control instructions that are to be transmit-
ted as the device control commands. These control in-
structions instruct individual controls that are to be exe-
cuted by the control target devices 130.

[0048] In addition, the device control command infor-
mation field 150d stores the device control command in-
formation obtained by the information obtaining unit 112.
[0049] FIG. 4 is a schematic diagramiillustrating an ex-
ample of the device control effect information.

[0050] As illustrated in the drawing, the device control
effect information 151 is information in the form of a table
including a device name field 151a, a control detail field
151b, and an effect field 151c.

[0051] The device name field 151a stores the device
names of the control target devices 130.

[0052] The control detail field 151b stores control de-
tails in the control target devices 130. The control detail
indicates one or more control details to be executed in
accordance with the control instructions or the combina-
tions of control instructions.

[0053] The effectfield 151c stores information relevant
to effects according to the control target devices 130iden-
tified in the device name field 151a and the control details
identified in the control detail field 151b.

[0054] The effectfield 151c includes a heat generation
field 151d, a heat absorptionfield 151e, asound emission
field 151f, a main effect field 151g, and a side effect field
151h.

[0055] The heat generation field 151d stores heat gen-
eration amounts as physical quantities of the effects ac-
cording to the control target devices 130 identified in the
device name field 151a and the control details identified
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in the control detail field 151b.

[0056] The heat absorption field 151e stores heat ab-
sorption amounts as physical quantities of the effects ac-
cording to the control target devices 130 identified in the
device name field 151a and the control details identified
in the control detail field 151b.

[0057] The sound emission field 151f stores sound vol-
umes as physical quantities of the effects according to
the control target devices 130 identified in the device
name field 151a and the control details identified in the
control detail field 151b.

[0058] The main effect field 151g stores information
indicating main effects according to the control target de-
vices 130 identified in the device name field 151a and
the control details identified in the control detail field 151b.
[0059] The side effect field 151h stores information in-
dicating side effects according to the control target de-
vices 130 identified in the device name field 151a and
the control details identified in the control detail field 151b.
[0060] InFIG.4,heatgeneration, heat absorption, and
sound emission are shown as examples for the effects
(main effects or side effects), but this examples are not
limitations. As other examples of the effects, light emis-
sion, ventilation, dehumidification, humidification, and
the like are given. In these examples, the physical quan-
tity of the effect is light intensity generated by a light
source, the amount of ventilation by a ventilation fan, a
change in the amount of water vapor due to dehumidifi-
cation or humidification and the like.

[0061] In addition, for example, the noise generated
by the air conditioner 130A possibly differs depending on
the temperature in the room, even in the same drive
mode. Moreover, even if the same temperature is set,
the effect differs due to the difference in the drive mode.
Therefore, it is desirable that the physical quantities in-
cluded in the device control effect information 151 are
values variable depending on the situation.

[0062] It is desirable that a time point at which the in-
formation obtaining unit 112 obtains individual device
control effect information is a time point that makes it
possible to follow the variations in the individual device
control effect information according to the situation as
properly as possible. For example, it is desirable that the
obtaining is performed on a regular basis, such as at one
minute intervals or that the obtaining is performed imme-
diately before the control detail selecting unit 114, de-
scribed later, selects a control detail. Alternatively, each
of the control target devices 130 may transmit a notifica-
tion to the device control apparatus 110 when the indi-
vidual device control effect information relevant to each
of the control target devices 130 changes, and then the
information obtaining unit 112 may obtain the individual
device control effect information at that time point.
[0063] To return to FIG. 2, the control detail selecting
unit 114 selects a control target device 130 to which a
device controlcommand is to be transmitted and a control
detail that is to be transmitted at a predetermined time
point on the basis of the device management information
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150 and the device control effect information 151 stored
in the storage unit 113. An example of a time point and
a selection method of selecting these will be described
later.

[0064] The command transmitting unit 115 transmits,
via the communication unit 111, the device control com-
mand according to the control detail selected by the con-
trol detail selecting unit 114 to the control target device
130 selected by the control detail selecting unit 114.

<Selection Method of Control Target Device 130 and
Control Detail>

[0065] Here, an example of a method of selecting the
control detail performed by the control detail selecting
unit 114 will be described. The control detail selecting
unit 114 selects a control target device 130 and a control
detail, for the purpose of making the environment per-
ceived by a person comfortable.

[0066] Asoneexample, processes of the control detail
selecting unit 114 when the device control apparatus 110
controls the air conditioner 130A will be described.
[0067] First, the control detail selecting unit 114 obtains
device status information to monitor whether the device
status (control detail) changes.

[0068] Here, for example, it is assumed that the user
turns on the power supply of the cooking heater 130C
manually and that the power supply status included in
the device status information changes. At this time, the
control detail selecting unit 114 obtains a side effect that
is caused when the power supply of the cooking heater
130C is changedto ON, with reference to the device man-
agement information 150 and the device control effect
information 151 stored in the storage unit 113.

[0069] For example, itis assumed that the device con-
trol effect information specifies that the side effect corre-
sponding to the control detail of turning on the power
supply of the cooking heater 130C is heat generation and
the heat generation amount is 150 kcal/h.

[0070] On the assumption that the environment in the
space is in a thermal equilibrium state, if it is left as it is,
the temperature in the space will rise due to the heat
generation of 150kcal/h. Hence, the same amount of heat
needs to be absorbed by air conditioning or the like, in
order to keep the environment in the space in a comfort-
able state.

[0071] Thus, the control detail selecting unit 114 iden-
tifies one or more control target devices 130 in the same
space where the cooking heater 130C which is the effect
generation source is installed, with reference to the de-
vice management information. Then, the control detail
selecting unit 114 searches for a control target device
130 and a control detail having the effect for absorbing
the heat quantity, with reference to the device control
effect information corresponding to the one or more con-
trol target devices 130 that are identified.

[0072] For example, if the device control effect infor-
mation specifies, as an effect caused when the power
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supply status of the air conditioner 130A is changed to
ON, that the heat quantity of 150kcal/h is absorbed, it is
possible to cancel the side effect of the cooking heater
130C and to keep the thermal equilibrium in the space
by transmitting the device control command of the control
detail changing the power supply status of the air condi-
tioner 130A to ON.

[0073] Thus, the control detail selecting unit 114 de-
termines to transmit to the air conditioner 130A the device
control command corresponding to the control detail of
changing the power supply status to ON.

[0074] The above is an example of the selection of the
control target device 130 and the control detail by the
control detail selecting unit 114.

[0075] Although,inthis example, the purpose of control
is to cancel the side effect of heat generation in order to
keep the thermal equilibrium, it is also conceivable that
when the user is watching a television 130B, control is
performed to decrease noise that is generated from an-
other control target device 130 or to turn up the sound
volume of the television 130B, for example. Moreover, if
a hot-water floor heating systemis included in the control
target devices 130, for example, it is also conceivable
that when the power supply status of an air conditioner
130A is changed to ON, in order to intensify its main
effect, control is performed to make the power supply
status of the hot-water floor heating system ON.

[0076] Control methods performed by the control detail
selecting unit 114 as described above are generalized
and summarized in three patterns described below:

(1) To cancel a side effect generated by a certain
control target device 130, by generating, from anoth-
er control target device 130, a main effect that works
in the opposite direction to the side effect generated
by the certain control target device 130;

(2) To reinforce a main effect generated by a certain
control target device 130, by generating, from anoth-
er control target device 130, a main effect that works
in the same direction as the main effect generated
by the certain control target device 130; and

(3) In order that a side effect generated by a certain
control target device 130 does not hinder a main ef-
fect generated by another control target device 130,
to weaken the side effect generated by the certain
control target device 130 or reinforce the main effect
generated by the another control target device 130.

[0077] By performing such control, it is possible to au-
tomatically perform control to cancel an influence from
the space due to a change in the status of the device and
to keep the space comfortable for users.

[0078] Inthe above example, the control detail select-
ing unit 114 selects the control detail when the device
status information changes, but this time point is exem-
plary and not limiting. Various other time points are also
conceivable; for example, it may be performed on a reg-
ular basis such as once in ten minutes, it may be per-
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formed in response to a request from the user or the
outside, or the like.

[0079] Moreover, when there are a plurality of combi-
nations of a control target device 130 and a control detail
that generate the same effect, the control detail selecting
unit 114 needs to select from the plurality of combina-
tions. In this case, the combination of the smallest phys-
ical quantity may be selected from among the combina-
tions having the main effect of the physical quantity ca-
pable of canceling the physical quantity of the side effect
in the device control effect information 151, for example.
Further, if there are a plurality of combinations of the
smallest physical quantity, the one having the smallest
side effect or the one having the smallest electric power
consumption may be selected. Further, when there are
a plurality of combinations even after using the side effect
or the electric power consumption, the one closest to the
top of the device control effect information 151 may be
selected. In addition, if priorities are set to the combina-
tions in advance, the one having the highest priority may
be selected. In this case, the information obtaining unit
112 may obtain the electric power consumption when the
control detail of a device is changed to a specific control
detail according to a device control command, in addition
to the individual device control effect information, for ex-
ample.

[0080] For example, the above-described device con-
trol apparatus 110 may be configured by a widely used
computer 900 illustrated in FIG. 5, including a central
processing unit (CPU) 901, a memory 902, an external
storage device 903 such as a hard disk drive (HDD), a
reader/writer device 905 that reads information from and
writes information into a portable storage medium 904
such as a compact disk (CD) or a digital versatile disk
(DVD), an input device 906 such as a keyboard and a
mouse, an output device 907 such as a display, and a
communication device 908 such as a network interface
card (NIC) for connecting to a communication network.
[0081] For example, the storage unit 113 is configured
by the memory 902 or the external storage device 903
utilized by the CPU 901; the information obtaining unit
112, the control detail selecting unit 114, and the com-
mand transmitting unit 115 are configured by the CPU
901 loading predetermined programs stored in the exter-
nal storage device 903 into the memory 902 and execut-
ing them; and the communication unit 111 is configured
by the communication device 908 utilized by the CPU
901.

[0082] These predetermined programs may be down-
loaded to the external storage device 903 from the stor-
age medium 904 via the reader/writer device 905 or a
network via the communication device 908, and then
loaded onto the memory 902 to be executed by the CPU
901. Alternatively, they may be loaded directly onto the
memory 902 from the storage medium 904 via the read-
er/writer device 905 or the network via the communica-
tion device 908 to be executed by the CPU 901.

[0083] However, the device control apparatus 110 is
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not limited to a computer system executing software. For
example, the device control apparatus 110 may be con-
figured as hardware with a high density logic IC such as
an application specific integrated circuit (ASIC) and a
field programmable gate array (FPGA), or may be con-
figured as software as a digital signal processor (DSP)
orthe like. Alternatively, components specialized for spe-
cific uses may be configured by hardware such as ex-
tension boards mounted on a computer system, while
other general-purpose components may be configured
by the computer system executing software.

[0084] FIG. 6 is a block diagram that schematically il-
lustrates the configuration of the control target device
130.

[0085] The control target device 130 includes a com-
munication unit 131, a storage unit 132, a function unit
133, and a control unit 134.

[0086] The communication unit 131 communicates
with the device control apparatus 110. For example, the
communication unit 131 receives device control com-
mands from the device control apparatus 110 and trans-
mits various types of information including the device sta-
tus information to the device control apparatus 110. The
medium used forthe communication is, for example, Eth-
ernet, wireless LAN, infrared communication, or the like,
as described above.

[0087] The storage unit 132 stores information that is
necessary for the processes of the control target device
130. For example, the storage unit 132 stores the device
location information, the device control command infor-
mation, and the individual device control effect informa-
tion of the control target device 130.

[0088] The function unit 133 is a part that executes
function as the control target device 130. For example,
if the control target device 130 is the air conditioner 130A,
the function unit 133 executes the function of controlling
an air temperature. Moreover, if the control target device
130 is the television 130B, the function unit 133 executes
the function of receiving a broadcast signal and output-
ting images. Further, if the control target device 130 is
the cooking heater 130C, the function unit 133 executes
the function of heating.

[0089] The control unit 134 controls processes in the
control target device 130. For example, the control unit
134 causes the communication unit 131 to transmit var-
ious types of information stored in the storage unit 132.
Moreover, the control unit 134 generates device status
information indicating the status of the function unit 133
and causes the communication unit 131 to transmit it.
Further, the control unit 134 obtains device control com-
mands received by the communication unit 131 and sets
up the function unit 133 in accordance with its control
details.

[0090] The storage unit 132 is configured by a memory
or an external memory device utilized by a CPU, and the
control unit 134 is configured by the CPU loading into a
memory predetermined programs stored in an external
memory device and executing them, and the communi-
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cation unit 131 is configured by a communication device
utilized by the CPU, for example. However, the control
unit 134 may be configured as hardware with a high den-
sity logic IC such as an ASIC and an FPGA, or may be
configured as software by a DSP or the like, for example.
[0091] Next, processes from determining a control de-
tail until transmitting a control command by the device
control apparatus 110 will be described in detail.

[0092] FIG. 7 is a flowchart illustrating the sequence
of the processes performed by the device control appa-
ratus 110.

[0093] First, the information obtaining unit 112 obtains
device status information from all the control target de-
vices 130 that constitute the device control system 100
(S10).

[0094] Then, the control detail selecting unit 114 de-
termines whether a change in the control detail of each
of the control target device 130 has occurred (S11). For
example, the control detail selecting unit 114 performs
this determination by storing in the storage unit 113 the
device status information transmitted previously by each
of the control target device 130. If a change has occurred
(Yes in S11), the process proceeds to step S12, and if
no change has occurred (Noin S11), the processes end.
[0095] Instep S12, the control detail selecting unit 114
searches the device control effect information 151 stored
in the storage unit 113 for a side effect that is caused by
the control detail after the change detected in step S11.
Specifically, the control detail selecting unit 114 obtains
the side effect corresponding to the control detail after
the change from the device control effectinformation 151.
[0096] Then, the control detail selecting unit 114 de-
termines whether or not the side effectis obtained in step
S12 (S13). For example, if the side effect corresponding
to the control detail after the change does not exist in the
device control effect information 151, no side effect can
be obtained. If the side effect is obtained (Yes in S13),
the process proceeds to step S14, and if the side effect
is not obtained (No in S13), the processes end.

[0097] Instep S14, the control detail selecting unit 114
searches the device management information 150 and
the device control effect information 151 stored in the
storage unit 113 for a combination of a control detail that
can generate the main effect for canceling the side effect
obtained in step S12 and a control target device 130 that
is in the same space where the generation source of this
side effect is installed.

[0098] A main effect capable of cancelling a side effect
differs depending on the types of the effects. For exam-
ple, paired-type effects can cancel each other, e.g. heat
absorption and heat generation. Moreover, in the case
of sound emission, it is possible to make the side effect
less noticeable by intensifying another main effect. That
is, itis assumed that the main effect capable of cancelling
the side effect is determined for each side effect in ad-
vance, and information indicating such a main effect is
stored in advance in the memory unit 113.

[0099] Next, the control detail selecting unit 114 deter-
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mines whether or not there is the combination of the con-
trol target device 130 and the control detail that generates
the main effect capable of canceling the side effect ob-
tained in step S12 (S15). If there is the combination (Yes
in S15), the process proceeds to step S16, and if there
is not the combination (No in S15), the processes end.
[0100] In step S16, the control detail selecting unit 114
determines whether or not there are two or more combi-
nations that generate the main effect capable of cance-
ling the side effect obtained in step S12. If there are two
ormore combinations (Yesin S16), the process proceeds
to step S17, and if there is one combination (No in S16),
the process proceeds to step S18.

[0101] Instep S17, the control detail selecting unit 114
selects one combination from among the combinations
that generate the main effect capable of canceling the
side effect obtained in step S12. The way to select is as
described above. Then, the process proceeds to step
S18.

[0102] In step S18, the command transmitter unit 115
transmits, to the control target device 130 as a target via
the communication unit 111, a device control command
or a combination of device control commands corre-
sponding to the control detail in the one combination
specified by the control detail selecting unit 114.

[0103] As described above, when the control detail of
a control target device 130 changes, the device control
apparatus 110 in the first embodiment can control the
control target device 130 automatically to make the en-
vironment perceived by the user comfortable, in re-
sponse to the change of the control detail.

Second Embodiment.

[0104] FIG. 8 is a schematic diagram illustrating the
configuration of the device control system 200 according
to the second embodiment.

[0105] The device control system 200 includes a de-
vice control apparatus 210, one or more control target
devices 130, and one or more environment detection
sensors 260.

[0106] The device control system 200 according to the
second embodiment is configured in the same way as
the device control system 100 according to the first em-
bodiment, except the device control apparatus 210 and
the environment detection sensors 260. In the following
description, the device control apparatus 210 and the
environment detection sensors 260, which are different
from the first embodiment, will be described.

[0107] The environment detection sensors 260 meas-
ure and detect values relevant to the environment of the
user, and transmit the measured values to the device
control apparatus 210. In the second embodiment, atem-
perature sensor 260A and a noise sensor 260B are uti-
lized as the environment detection sensors 260, but they
are not limited to these.

[0108] The temperature sensor 260A measures room
temperature and transmits the measured values to the
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device control apparatus 210. The temperature sensor
260A includes a communication means for transmitting
the measured value to the device control apparatus 210.
The temperature sensor 260A transmits the measured
values to the device control apparatus 210 at regular in-
tervals such as, for example, one minute intervals. Alter-
natively, the temperature sensor 260A measures room
temperature and returns the measured values when it
receives temperature obtaining requests from the device
control apparatus 210.

[0109] Moreover, the temperature sensor 260A trans-
mits, to the device control apparatus 210, sensor location
information indicating the location in which the tempera-
ture sensor 260A is installed, in addition to the measured
values. Itis desirable that this sensor location information
corresponds to the device location information of the con-
trol target devices 130.

[0110] The noise sensor 260B measures the intensity
of noise, and transmits the measured values to the device
control apparatus 210. The noise sensor 260B includes
a communication means for transmitting the measured
values to the device control apparatus 210, in the same
way as the temperature sensor 260A. In addition, the
noise sensor 260B also transmits, to the device control
apparatus 210, sensor location information indicating the
location in which the noise sensor 260B is installed, in
addition to the measured values.

[0111] FIG. 9 is a block diagram that schematically il-
lustrates the configuration of the device control apparatus
210.

[0112] The device control apparatus 210 includes a
communication unit 111, an information obtaining unit
212, a storage unit 213, a control detail selecting unit
214, a command transmitting unit 115, and a target ob-
taining unit 216.

[0113] The device control apparatus 210 in the second
embodiment is configured in the same way as the device
control apparatus 110 in the firstembodiment, except the
information obtaining unit 212, the storage unit 213, the
control detail selecting unit 214, and the target obtaining
unit 216. In the following description, the information ob-
taining unit 212, the storage unit 213, the control detail
selecting unit 214, and the target obtaining unit 216,
which are different from the first embodiment, will be de-
scribed.

[0114] The information obtaining unit 212 obtains the
device location information, the device control command
information, the individual device control effect informa-
tion, and the device status information, in the same way
as the first embodiment, and obtains the measured val-
ues and the sensor location information from the envi-
ronment detection sensors 260 via the communication
unit 111.

[0115] The target obtaining unit 216 obtains target val-
ues for the state of the environment, which are set by the
user. The target value is a measured value such as ideal
room temperature for the user, noise intensity acceptable
for the user, or the like, for example. The target values
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obtained by the target obtaining unit 216 are stored in
the storage unit 213.

[0116] The target value is defined as a value range.
For example, as for the room temperature, the target val-
ue is within a range of 28°C or lower, of 18°C to 28°C,
or the like. In other words, the target value is a range of
measured values determined to be preferable by the us-
er.

[0117] Moreover, the user may set target values for
the states of a plurality of environments simultaneously.
For example, the target value of the room temperature
may be set to 18°C to 28°C, while the target value of the
noise is set to 50dB or less. In this case, the user may
set priority to each of the target values additionally. The
priority is a criterion for determining which target value
is to be prioritized and achieved, when the target values
for the states of the plurality of environments cannot be
achieved simultaneously.

[0118] The obtaining of the target value by the target
obtaining unit 216 will be described.

[0119] Forexample,ifthe device controlapparatus210
is equipped with buttons for allowing the user to perform
operation, the target obtaining unit 216 accepts setting
of the target values by the user operation.

[0120] If there is another device for allowing the user
to set the target values in addition to the device control
apparatus 210, the target obtaining unit 216 may obtain
the target values set by the user via the communication
unit 111. The device for setting the target values may be
an information terminal such as a smartphone or a tablet,
for example. Further, the target obtaining unit 216 may
obtain set temperature in the air conditioner 130A and
set it as the target value.

[0121] The storage unit 213 stores information that is
necessary for the processes in the device control appa-
ratus 210. The storage unit 213 in the second embodi-
ment stores target value information and sensor location
information, in addition to the device management infor-
mation 150 and the device control effect information 151
in the first embodiment.

[0122] FIG. 10 is a schematic diagram illustrating an
example of the target value information.

[0123] As illustrated in the drawing, the target value
information 252 is information in the form of a table in-
cluding an item field 252a and a target value field 252b.
[0124] Theitemfield 252a stores items of environment
for which target values are set.

[0125] The target value field 252b stores ranges of the
target values.
[0126] Thetargetvalue field 252bincludes a lower limit

field 252¢ and an upper limit field 252d.

[0127] The lower limit field 252c stores lower limits of
the ranges of the target values. If "none" is stored in this
field, it indicates that there is no lower limit.

[0128] The upper limit field 252d stores upper limits of
the ranges of the target values. If "none" is stored in this
field, it indicates that there is no upper limit.

[0129] Toreturnto FIG. 9, in addition to the processes
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similar to those in the first embodiment, the control detail
selecting unit 214 selects a combination of the control
target device 130 and the control detail so that the envi-
ronment of the user may be within the ranges of the target
values indicated in the target value information 252
stored in the storage unit 213. On the basis of the com-
bination selected in the way like that, the command trans-
mitter unit 115 sends the device control command or the
combination of the device control commands to the con-
trol target device 130 via the communication unit 111.

<Selection Method of Control Target Device 130 and
Control Detail>

[0130] An example of a method for selecting a combi-
nation of a control target device 130 and a control detail
by the control detail selecting unit 214 in the second em-
bodiment will be described.

[0131] In addition, in this example, it is assumed that
the target obtaining unit 216 obtains a target value from
the user in advance and the storage unit 213 stores the
target value information 252 illustrated in FIG. 10, before
the control detail selecting unit 214 selects the combina-
tion of the control target device 130 and the control detail.
Further, it is assumed that the storage unit 213 stores
the device management information 150 illustrated in
FIG. 3 and the device control effect information 151 illus-
trated in FIG. 4.

[0132] In the first embodiment, the control detail se-
lecting unit 114 performs control when the control detail
of the control target devices 130 changes. In addition to
this, in the second embodiment, the control detail select-
ing unit 214 also controls the control target devices 130
on the basis of the measured values of the environment
detection sensors 260, e.g., the temperature sensor
260A.

[0133] When the temperature sensor 260A transmits
a measured value of temperature to the device control
apparatus 210, the control detail selecting unit 214 de-
termines whether or not the measured value is within the
range of the target value of room temperature, which is
obtained by the target obtaining unit 216.

[0134] If the measured value is not within the range of
the target value, the control detail selecting unit 214 con-
trols so that it may approach the target value. For exam-
ple, if the measured value of the room temperature is
30°C, since the upper limit of the temperature is 28°C as
illustrated in FIG. 10, it exceeds the range of the target
value. The control detail selecting unit 214 accordingly
performs control so as to lower the room temperature.
[0135] Specifically, the control detail selecting unit214
identifies the control target device 130 in the same space
where the temperature sensor 260A is installed, with ref-
erence to the device managementinformation 150 stored
in the storage unit 213. Then, the control detail selecting
unit 214 searches the device control effect information
151 stored in the storage unit 213 for a combination of a
control target device 130 and a control detail having the
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effect for absorbing heat quantity. Here, whether or not
the control target device 130 is installed in the same
space is determined with reference to the device location
information and the sensor location information.

[0136] Here, the device control effect information 151
specifies that the absorption amount increases by heat
quantity of 1600kcal/h as an effect caused when the pow-
er supply status of the air conditioner 130A is changed
to ON. Hence, the control detail selecting unit 214 deter-
mines to transmit the device control command corre-
sponding to the control detail of changing the power sup-
ply status of the air conditioner 130A to ON, and therefore
it is possible to absorb the heat quantity and decrease
the room temperature.

[0137] However, avalue range relevant to noise is also
set as the target value. Hence, it is necessary to prevent
the noise from falling outside the range of the target value
when the power supply status of the air conditioner 130A
is changed to ON.

[0138] Therefore, the control detail selecting unit 214
obtains a value measured by the noise sensor 260B, and
synthesizes the measured value and the amount of
sound specified in the device control effect information
151, and calculates the amount of noise in the room when
the power supply status of the air conditioner 130A is
changed to ON.

[0139] Forexample, ifthe measured value of the noise
sensor 260B is 37dB, the control detail selecting unit 214
calculates a synthesized sound pressure with 42dB spec-
ified in the device control effect information 151 and ob-
tains approximately 44dB.

[0140] This value is within the target value of 50dB,
and therefore the control detail selecting unit 214 deter-
mines to transmit the device control command for the
control detail of changing the power supply status of the
air conditioner 130A to ON, and the command transmit-
ting unit 115 transmits the device control command.
[0141] Ontheotherhand, ifthe noise falls outside 50dB
as the upper limit of the target value, the control detail
selecting unit 214 searches for a combination of a control
target device 130 and a control detail capable of heat
absorption while achieving the target value of 50dB. If
there is the combination, the control detail selecting unit
214 selects to transmit the device control command cor-
responding to the combination.

[0142] Moreover, when there is no combination of a
control target device 130 and a control detail capable of
heat absorption while achieving the target value of 50dB,
the control detail selecting unit 214 selects a combination
that achieves only the target value given the highest pri-
ority, with reference to the priority for the target values.
[0143] By performing such control, device control can
be automatically performed so thatthe room environment
may get closer to an ideal environment for the user.
[0144] Next, processes from selecting a control detail
until transmitting a device control command by the device
control apparatus 210 in the second embodiment will be
described in detail. FIG. 11 is a flowchart illustrating a
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sequence of the processes performed by the device con-
trol apparatus 210.

[0145] First, the information obtaining unit 212 obtains
information indicating an environmental state from the
environment detection sensors 260 (S20). Specifically,
the information obtaining unit 212 obtains room temper-
ature from the temperature sensor 260A or intensity of
noise from the noise sensor 260B.

[0146] Next, the control detail selecting unit 214 deter-
mines whether or not the obtained environmental state
deviates from the range ofthe target value, with reference
to the target value information 252 stored in the storage
unit 213 (S21). If the obtained environmental state devi-
ates from the range of the target value (Yes in S21), the
process proceeds to step S22, and if the obtained envi-
ronmental state does not deviate from the range of the
target value (No in S21), the processes end.

[0147] Instep S22, the control detail selecting unit214
searches the device management information 150 and
the device control effect information 151 stored in the
storage unit 213 for a combination of a control detail that
generates the main effect capable of making the obtained
environmental states closer to the range of the target
value and a control target device 130 that is installed in
the same space as the environment detection sensors
260.

[0148] Then, the control detail selecting unit 214 de-
termines whether or not the combination has been found
(S23). If the combination has been found (Yes in S23),
the process proceeds to step S24, and if the combination
has not been found (No in S23), the processes end.
[0149] Instep S24, the control detail selecting unit214
determines whether or not the side effect causes devia-
tion from the target value for each of the found combina-
tions, and excludes the deviating combination.

[0150] Then, the control detail selecting unit 214 de-
termines whether or not any combination still remains,
after excluding the combination deviating from the target
value (S25). If no combination remains (No in S25), the
process proceeds to step S26, and if one or more com-
binations remain (Yes in S25), the process proceeds to
step S27.

[0151] Instep S26, the control detail selecting unit214
excludes the target value having the lowest priority with
reference to the priority of the target values and the proc-
esses are repeated from the search of the device control
command in step S22 again.

[0152] Instep S27, the control detail selecting unit214
determines whether or not two or more combinations re-
main. If two or more combinations remain (Yes in S27),
the process proceeds to step S28, and if one combination
remains (No in S27), the process proceeds to step S29.
[0153] Instep S28, the control detail selecting unit214
selects one combination from among the plurality of re-
maining combinations. The way to select is same as step
S17 of FIG. 7 in the first embodiment. Then, the process
proceeds to step S29.

[0154] Instep S29, the command transmitting unit 115
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transmits a device control command to the control target
device 130 which is a target, via the communication unit
111, on the basis of the one combination selected by the
control detail selecting unit 214.

[0155] As described above, in the second embodi-
ment, the control target device 130 is controlled automat-
ically so that the environment for the user may be the
targeted environment.

Third Embodiment.

[0156] FIG. 12 is a schematic diagram illustrating the
configuration of the device control system 300 in the third
embodiment.

[0157] The device control system 300 includes a de-
vice control apparatus 310 and one or more control target
devices 130.

[0158] The device control system 300 according to the
third embodiment is configured in the same way as the
device control system 100 according to the first embod-
iment except the device control apparatus 310. In the
following description, the device control apparatus 310,
which is different from the first embodiment, will be de-
scribed.

[0159] FIG. 13 is a block diagram that schematically
illustrates the configuration of the device control appara-
tus 310.

[0160] The device control apparatus 310 includes a
communication unit 111, an information obtaining unit
312, a storage unit 313, a control detail selecting unit
314, a command transmitting unit 115, and a person po-
sition identifying unit 317.

[0161] The device control apparatus 310 in the third
embodiment is configured in the same way as the device
control apparatus 110 in the first embodiment except the
information obtaining unit 312, the storage unit 313, the
control detail selecting unit 314, and the person position
identifying unit 317. In the following description, the in-
formation obtaining unit 312, the storage unit 313, the
control detail selecting unit 314, and the person position
identifying unit 317, which are different from the first em-
bodiment, will be described.

[0162] Inthe same way as in the first embodiment, the
information obtaining unit 312 obtains device location in-
formation, device control command information, individ-
ual device control effect information, and device status
information.

[0163] Here, the individual device control effect infor-
mation obtained by the information obtaining unit 312 in
the third embodiment includes effect position information
indicating a position (effect position) where the effect of
the control detail reaches.

[0164] Moreover, as described later, when the infor-
mation obtaining unit 312 obtains the detected position
information, it supplies the information to the person po-
sition identifying unit 317.

[0165] FIGS. 14 and 15 are schematic diagrams illus-
trating an example of the device control effectinformation
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in the third embodiment. As illustrated in the drawing, the
device control effect information 351 is information in the
form of a table including a device name field 151a, a
control detail field 151b, and an effect field 351c. The
device control effect information 351 in the third embod-
iment is configured in the same way as in the first em-
bodiment except an effect position field 351i included in
the effect field 351c.

[0166] The effect position field 351i stores information
indicating the effect positions of the control target devices
130 identified in the device name field 151a and the con-
trol details identified in the control detail field 151b.
[0167] The effect position indicates the main position
at which the effect (the main effect or the side effect) of
the control detail is generated. It is desirable that the ef-
fect positions should be defined by the same unit as the
positions in the device location information.

[0168] Sinceitis conceivable that the effect of the con-
trol detail generally is generated at a location in which
the device is installed, the effect position is identical with
the device position of the corresponding control target
device 130, in many cases.

[0169] However, for example, in the case of an air con-
ditioner, the installation position of the device and the
position where the wind blown from the air conditioner
reaches are apart from each other, and therefore the ef-
fect position and the device position are not always iden-
tical with each other. Further, an air conditioner used
commonly is capable of adjusting the wind direction and
a position where the effect such as heat generation is
generated can be changed by changing the wind direc-
tion.

[0170] In this case, the effect position included in the
individual device control effect information has different
values depending on control details even in the same
control target device 130.

[0171] To return to FIG. 13, the person position iden-
tifying unit 317 identifies a position where the user exists.
It is desirable that the positions where the user exists
should be defined by the same units as the positions in
the device location information or the position in the effect
position information.

[0172] The identification of a person position by the
person position identifying unit 317 will be described.
[0173] Methods of identifying a person position by the
person position identifying unit 317 are roughly divided
into two kinds. The one method is identifying a person
position by the person position identifying unit 317; and
the other method is obtaining, through the information
acquiring unit 312, information indicating a person posi-
tion retained in the control target device 130 and then
identifying the person position on the basis of the infor-
mation.

[0174] The person position identifying unit 317 deter-
mines the person position, for example, on the basis of
the operating status of the control target device 130. For
example, when the power supply status of a control target
device 130 changes, it is conceivable that the person
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exists near the control target device 130, in general.
Hence, the person position identifying unit 317 deter-
mines that the person exists at the installation position
of the control target device 130 based on the device lo-
cation information for a predetermined period of time
(e.g., 30 minutes) after the person position identifying
unit 317 obtains the change of the power supply status
of the control target device 130.

[0175] Alternatively, in the case of a cooking heater or
the like, it is conceivable that the person very probably
continues existing nearby while the power supply is ON.
Hence, the person position identifying unit 317 obtains
the power supply status of the control target device 130
and determines that the person exists at the installation
position of the control target device 130 based on the
device location information while it is ON.

[0176] However,inthe case of the targetcontrol device
130 whose power supply status may change due to timer
control, such as a video recorder, the changein the power
supply status is not used for determining a person posi-
tion.

[0177] Itis assumed that the types of the control target
devices 130 for which the change in the power supply
status is used for determining a person position and the
types of the control target devices 130 for which the pe-
riod during which the power supply is ON is used for
determining a person position are determined in ad-
vance; and it is assumed that the storage unit 313 stores
person position detectable device information that iden-
tifies these types, device names belonging to the types,
and periods during which the power supply is ON.
[0178] Next, a case in which the person position iden-
tifying unit 317 obtains the information indicating a person
position retained in a control target device 130 via the
information obtaining unit 312 in order to obtain the per-
son position will be described. For example, some of the
control target devices 130, such as an air conditioner,
have a function of detecting a person position or person
existence by a sensor or the like.

[0179] The person position identifying unit 317 obtains
information relevant to the person position or the person
existence detected by the control target device 130 as
the detected position information.

[0180] Itis assumed thatthe person positionisidentical
with the installation position of the control target device
130 that has detected the existence of the person, for
example. Alternatively, if the control target device 130
has position information indicating an area of the person
detection in advance, the position information may be
used as the detected position information. Further, if the
control target device 130 is capable of detecting a person
position, this may be used as the detected position infor-
mation.

[0181] In this case, in the control target device 130 il-
lustrated in FIG. 6, a person position detecting unit (not
illustrated in the drawings), such as a sensor, is included
in the function unit 133, and the control unit 134 generates
the detected position information on the basis of the de-
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tection result by the person position detecting unit. Then,
the control unit 134 transmits this detected position in-
formation to the device control apparatus 310 via the
communication unit 131.

[0182] Since the position of a person changes as time
passes, it is desirable that the identification of the person
position should be executed on a regular basis by the
person position identifying unit 317. For example, it is
conceivable that the identification is performed on a reg-
ular basis, such as at one minute intervals.

[0183] The storage unit 313 stores information that is
necessary for the processes in the device control appa-
ratus 310. The storage unit 313 in the third embodiment
stores device control effect information 351 and person
position information in addition to the device manage-
ment information 150 in the first embodiment.

[0184] FIG. 16 is a schematic diagram illustrating an
example of the person position information.

[0185] Asillustratedinthe drawing, the person position
information 353 is a table including a person number field
353a and a position field 353b.

[0186] The person number field 353a stores the num-
bers for identifying persons whose positions are ob-
tained. With respect to the numbers, different numbers
may be assigned every time each position for the persons
is obtained, for example. Moreover, when a control target
device 130 can detect a plurality of persons, different
numbers are assigned to the respective persons.
[0187] The position field 353b stores person positions
indicating the positions at which the persons indicated in
the person number field 353a exist.

[0188] Toreturnto FIG. 13, the control detail selecting
unit 314 selects a control target device 130 thatis a target
for transmitting the device control command and a control
detail that is to be transmitted at a predetermined time
point, on the basis of the device management information
150, the device control effect information 351, and the
person position information 353 stored in the storage unit
313.

<Selection Method of Control Target Device 130 and
Control Detail>

[0189] An example of a selection method for selecting
acombination of a control target device 130 and a control
detail, which is performed by the control detail selecting
unit 314 in the third embodiment, will be described.
[0190] In the third embodiment, in the same way as
the first embodiment, the control detail selecting unit 314
performs control for cancelling the spatial influence
caused by the change of the device status when the con-
trol detail of a control target device 130 changes. How-
ever, the control detail selecting unit 314 prioritizes can-
celling the influence at the position where a person exists
when it selects the control detail for cancelling the spatial
influence caused by the change of the device status.
[0191] Asoneexample, processes by the control detail
selecting unit 314 when the device control apparatus 310
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controls the air conditioner 130A will be described.
[0192] For example, it is assumed that the user turns
on the power supply of the cooking heater 130C manually
and that the power supply status included in the device
status information accordingly changes.

[0193] In this case, in the same way as in the first em-
bodiment, the control detail selecting unit 314 obtains the
side effect that is caused when the power supply of the
cooking heater 130C is changed to ON, with reference
to the device management information 150 and the de-
vice control effect information 351 stored in the storage
unit 313.

[0194] For example, it is assumed that, in the device
control effect information, the side effect corresponding
to the control detail of tuning on the cooking heater 130C
is heat generation and the heat generation amount is
150kcal/h.

[0195] Here, for the purpose of absorbing the same
heat quantity by cooling or the like, the control detail se-
lecting unit 314 first identifies a person who is in the same
space as the cooking heater 130C which is the generation
source of the effect, with reference to the person position
information and the device management information.
[0196] At this time, even though the positions of the
cooking heater 130C and the person are not identical
with each other, considering the hierarchical relationship
of the position information, the control detail selecting
unit 314 regards the cooking heater 130C and the person
as being in the same space, for example, when the po-
sition at a higher level than the position of the cooking
heater 130C is identical with the position of the person,
when the position of the cooking heater 130C is identical
with the position at a higher level than the position of the
person, or when the positions at a higher level than the
both are identical with each other. That is, when an in-
clusion relationship between the effect position and the
person position exists, the control detail selecting unit
314 determines that the effect position and the person
position are identical with each other.

[0197] Next, the control detail selecting unit 314
searches the device control effect information corre-
sponding to the identified control target device 130 for a
control target device 130 and a control detail that have
the effect of absorbing the heat quantity and have the
effect position identical with the person position.

[0198] For example, if the person position information
specifies that a person exists in the living room east side
and the device control effect information specifies that a
heat quantity of 150kcal/h is absorbed at the position of
the living room east side as the effect caused when the
power supply status of the air conditioner 130A is made
to be ON and the wind direction is changed to the left,
the control detail selecting unit 314 transmits a device
control command of the control detail of making the power
supply status of the air conditioner 130A ON and chang-
ing the wind direction to the left. This makes it possible
to cancel the side effect of the cooking heater 130C in
the living room east side where the person exists and to
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keep thermal equilibrium in the space.

[0199] By performing control like that, it is possible to
perform control of canceling the spatial influence caused
by the change in the state of the device preferentially at
the position where the user is present and to keep the
space comfortable for the user.

[0200] When there are a plurality of combinations of a
control target device 130 and a control detail that gener-
ate the same effect, the control detail selecting unit 314
needs to select from among the plurality of combinations.
Inthis case, the selection can be made by the same meth-
od as the method described in the first embodiment.
Moreover, the control detail selecting unit 314 may select
a combination having an effect position indicated by a
unit of a lower level. Further, the control detail selecting
unit 314 may preferentially select a combination having
an effect position at which the number of persons whose
person positions are identical with the effect position are
larger.

[0201] Moreover, if no combination of a control target
device 130 and a control detail exists, the control detail
selecting unit 314 searches for a combination with an
effect position identical with a position at a higher level
thanthe person position. Even after the search, ifno com-
bination of a control target device 130 and a control detail
exists, in the same way as the first embodiment, the con-
trol detail selecting unit 314 searches for a combination
with an effect position identical with the position of the
device that generates the side effect.

[0202] Further, if no combination of a control target de-
vice 130 and a control detail exists, the control detail se-
lecting unit 314 may search the device control effect in-
formation for a combination having an effect position
identical with the effect position of the side effect.
[0203] Next, processes from deciding the control detail
until transmitting the control command by the device con-
trol apparatus 310 will be described in detail.

[0204] FIG. 17 is a flowchart illustrating a sequence of
the processes performed by the device control apparatus
310.

[0205] First, the information obtaining unit 312 obtains
device status information from all control target devices
130 that constitute the device control system 300 (S30).
[0206] Then, the control detail selecting unit 314 de-
termines whether a change in the control detail of each
of the control target devices 130 has occurred (S31). For
example, the control detail selecting unit 314 performs
this determination, by storing in the storage unit 313 the
device status information previously transmitted from
each of the control target devices 130. If a change has
occurred (Yesin S31), the process proceeds to step S32,
and if no change has occurred (No in S31), the processes
end.

[0207] Instep S32, the control detail selecting unit 314
searches the device control effect information 351 stored
in the storage unit 313 for a side effect caused by the
control detail after the change detected in step S31. Spe-
cifically, the control detail selecting unit 314 obtains the
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side effect corresponding to the control detail after the
change from the device control effect information 351.
[0208] Then, the control detail selecting unit 314 de-
termines whether or not the side effect is obtained in step
S32 (S33). For example, if the side effect corresponding
to the control detail after the change does not exist in the
device control effect information 351, no side effect can
be obtained. If the side effect is obtained (Yes in S33),
the process proceeds to step S34, and if the side effect
is not obtained (No in S33), the processes end.

[0209] In step S34, the control detail selecting unit 314
identifies the position of a person that exists in the same
space as the controltarget device 130 of which the control
detail has changed as detected in step S31, with refer-
ence to the person position information 353 stored in the
storage unit 313. Here, the control detail selecting unit
314 may identify the position of the person that exists at
a position of a higher level than the control target device
130.

[0210] Then, the control detail selecting unit 314 de-
termines whether or not the position of the person is ob-
tained in step S34 (S35). If the position of the person is
obtained (Yesin S35), the process proceeds to step S38,
and if the position of the person is not obtained (No in
S35), the process proceeds to step S36.

[0211] If the process proceeds to step S36, the control
detail selecting unit 314 searches the device control ef-
fect information 351 stored in the storage unit 313 for a
combination of a control target device 130 and a control
detail that generates the main effect for canceling the
side effect obtained in step S32.

[0212] A main effect capable of cancelling a side effect
differs depending on the types of the effects. For exam-
ple, paired-type effects can cancel each other, e.g. heat
absorption and heat generation. Moreover, in the case
of sound emission, it is possible to make the side effect
less noticeable by intensifying another main effect. That
is, itis assumed that the main effect capable of cancelling
the side effect is determined for each side effect in ad-
vance, and information indicating such a main effect is
stored in advance in the storage unit 313.

[0213] Next, the control detail selecting unit 314 deter-
mines whether or not there is the combination of the con-
trol target device 130 and the control detail that generates
the main effect capable of canceling the side effect ob-
tained in step S32 (S37). If there is the combination (Yes
in S37), the process proceeds to step S40, and if there
is not the combination (No in S37), the processes end.
[0214] In step S40, the control detail selecting unit 314
determines whether or not there are two or more combi-
nations that generate the main effect capable of cance-
ling the side effect obtained in step S32. If there are two
ormore combinations (Yesin S40), the process proceeds
to step S41, and there is one combination (No in S40),
the process proceeds to step S42.

[0215] In step S41, the control detail selecting unit 314
selects one combination from among the combinations
that generate the main effect capable of canceling the
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side effect obtained in step S32. The way to select is as
described above. Then, the process proceeds to step
S42.

[0216] Instep S42,the command transmitting unit 115
transmits, to the control target device 130 of target via
the communication unit 111, a device control command
or a combination of device control commands corre-
sponding to the control detail in the one combination
specified by the control detail selecting unit 314.

[0217] After step S42, the processes end.

[0218] Here, processes performed when the result of
step S35 is "Yes’ and then the process proceeds to step
S38 will be described.

[0219] Ifthe process proceeds to step S38, the control
detail selecting unit 314 searches the device control ef-
fect information 351 stored in the storage unit 313 for a
combination of a control target device 130 and a control
detail which generates the main effect capable of cance-
ling the side effect obtained in step S32 and whose effect
position is identical with the person position identified in
step S34 or the person position replaced in step S44.
[0220] Next, the control detail selecting unit 314 deter-
mines whether or not there is a combination of a control
target device 130 and a control detail which generates
the main effect capable of canceling the side effect ob-
tained in step S38 and whose effect position is identical
with the person position identified in step S34 or the per-
son position replaced in step S44 (S39). If there is the
combination (Yes in S39), the process proceeds to step
S40, and thereafter the aforementioned processes are
performed. If there is not the combination (No in S39),
the process proceeds to step S43.

[0221] Instep S43, the control detail selecting unit 314
determines whether or not there is a position of a higher
level with respect to the person position identified in step
S34 or the person position replaced in step S44. Infor-
mation about whether a certain position is at a higher
level than another certain position is stored in the storage
unit 313 in advance. If there is the higher level position
(Yes in S43), the process proceeds to step S44, and if
there is no higher level position (No in S43), the process
proceeds to step S36 and then the same processes as
performed when itis determined that no person has been
obtained in step S35 are performed.

[0222] Ifthe process proceeds to step S44, the control
detail selecting unit 314 replaces the person position
which is the determination target with the higher level
position, proceeds the process to step S38, and repeats
the processes.

[0223] As described above, when the control detail of
a control target device 130 changes, the device control
apparatus 310 in the third embodiment is capable of au-
tomatically controlling the control target devices 130 so
as to make the environment perceived by a user com-
fortable in response to the change of the control detail
and the position of the user.
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Claims

1.

A device control apparatus (110) comprising:

a storage unit (113) configured to store device
control effect information indicating, for each of
a plurality of control target devices (130), the
control target device (130), a control detail, and
an effect that is caused by the control detail of
the control target device (130) and can be
sensed by a user who is present in the same
space as the control target device (130);

a control detail selecting unit (114) configured
to select the control target device (130) and the
control detail that cause the effect of achieving
a predetermined purpose, from among the plu-
rality of control target devices (130), on the basis
of the device control effect information; and

a command transmitting unit (115) configured
to transmit a device control command corre-
sponding to the control detail selected by the
control detail selecting unit (114), to the control
target device (130) selected by the control detail
selecting unit (114).

The device control apparatus (110) according to
claim 1, further comprising an information obtaining
unit (112) configured to obtain device status infor-
mation indicating the control detail in each of the plu-
rality of control target devices (130), wherein

the control detail selecting unit (114) monitors a
change of the control detail in each of the plurality
of control target devices (130) on the basis of the
device status information obtained by the informa-
tion obtaining unit (112),

when the change of the control detail in one control
target device (130) among the plurality of control tar-
get devices (130) has occurred, the control detail
selecting unit (114) identifies the effect caused by
the control detail after the change in the one control
target device (130), and

when the identified effect is an undesirable effect for
a user who is present in the same space as the one
control target device (130), the control detail select-
ing unit (114) selects the control target device (130)
and the control detail that cause the effect capable
of canceling the identified effect.

The device control apparatus (310) according to
claim 2, further comprising a person position identi-
fying unit (317) configured to identify a person posi-
tion where a user is present,

wherein the control detail selecting unit (314) selects
the control target device (130) and the control detail
that cause the effect capable of canceling the unde-
sirable effect at the person position.

The device control apparatus (310) according to
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claim 3, wherein

the device control effectinformation further indicates
an effect position where the effect is generated, and
the control detail selecting unit (314) selects the con-
trol target device (130) and the control detail that
cause the effect which is capable of canceling the
undesirable effect and whose effect position is iden-
tical with the person position.

The device control apparatus (310) according to
claim 4, wherein

the control detail selecting unit (314) determines that
the effect position and the person position are iden-
tical with each other, if there is an inclusion relation-
ship between the effect position and the person po-
sition.

The device control apparatus (310) according to any
one of claims 3 to 5, wherein

the person position identifying unit (317) monitors a
change of the control detail in each of the plurality
of control target devices (130) and, when the change
of the control detail in one control target device (130)
among the plurality of control target devices (130)
has occurred, determines that a person is present
at an installation position of the one control target
device (130).

The device control apparatus (310) according to any
one of claims 3 to 6, wherein

the person position identifying unit (317) obtains in-
formation indicating the person position from the
control target device (130) that has a function of de-
tecting presence or a position of a person, among
the plurality of control target devices (130).

The device control apparatus (110) according to any
one of claims 2 to 7, wherein

the effect includes a main effect that is caused in-
tentionally by the control target device (130) and a
side effect that is caused unintentionally by the con-
trol target device (130),

the undesirable effect is the side effect, and

the control detail selecting unit (114) selects the con-
trol target device (130) and the control detail that
cause the main effect capable of canceling the side
effect.

The device control apparatus (110) according to
claim 8, wherein

the device control effect information further indicates
a physical quantity of the effect, and

the control detail selecting unit (114) selects the con-
trol target device (130) and the control detail that
cause the main effect having the physical quantity
capable of canceling the physical quantity of the side
effect.
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The device control apparatus (110) according to
claim 9, wherein if there are a plurality of combina-
tions of the control target device (130) and the control
detail that cause the main effect capable of canceling
the side effect, the control detail selecting unit (114)
selects the control target device (130) and the control
detail in the combination causing the main effect hav-
ing the smallest physical quantity.

The device control apparatus (110) according to
claim 10, wherein if there are a plurality of combina-
tions causing the main effect having the smallest
physical quantity, the control detail selecting unit
(114) selects the control target device (130) and the
control detail in the combination causing the side ef-
fect having the smallest physical quantity.

The device control apparatus (110) according to
claim 10, wherein

the device control effect information further indicates
electric power consumption for the control detail of
the control target device (130), and

if there are a plurality of combinations causing the
main effect having the smallest physical quantity, the
control detail selecting unit (114) selects the control
target device (130) and the control detail in the com-
bination that minimizes the electric power consump-
tion.

The device control apparatus (110) according to
claim 1, further comprising an information obtaining
unit (112) configured to obtain device status infor-
mation indicating the control detail in each of the plu-
rality of control target devices (130),

wherein the control detail selecting unit (114) moni-
tors a change of the control detail in each of the plu-
rality of control target devices (130) on the basis of
the device status information obtained by the infor-
mation obtaining unit (112),

when the change of the control detail in one control
target device (130) among the plurality of control tar-
get devices (130) has occurred, the control detail
selecting unit (114) identifies the effect caused by
the control detail after the change in the one control
target device (130) on the basis of the device control
effect information, and

when the identified effect is a desirable effect for a
user who is present in the same space as the one
control target device (130), the control detail select-
ing unit (114) selects the control target device (130)
and the control detail that cause the effect capable
of amplifying the identified effect.

The device control apparatus (110) according to
claim 13, wherein

the effect includes a main effect that is caused in-
tentionally by the control target device (130) and a
side effect that is caused unintentionally by the con-
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15.

16.

17.

32

trol target device (130),

the desirable effect is the main effect, and

the control detail selecting unit (114) selects the con-
trol target device (130) and the control detail that
cause the main effect which is same as the effect
caused by the one control target device (130).

The device control apparatus (110) according to
claim 1, further comprising an information obtaining
unit (112) configured to obtain device status infor-
mation indicating the control detail in each of the plu-
rality of control target devices (130),

wherein the control detail selecting unit (114) moni-
tors a change of the control detail in each of the plu-
rality of control target devices (130) on the basis of
the device status information obtained by the infor-
mation obtaining unit (112),

when the change of the control detail in one control
target device (130) among the plurality of control tar-
get devices (130) has occurred, the control detail
selecting unit (114) identifies the effect caused by
the control detail after the change in the one control
target device (130), on the basis of the device control
effect information, and

when the identified effect is an undesirable effect for
a user who is present in the same space as the one
control target device (130), the control detail select-
ing unit (114) selects the one control target device
(130) and also selects the control detail capable of
weakening the identified effect.

The device control apparatus (110) according to
claim 15, wherein

the effect includes a main effect that is caused in-
tentionally by the control target device (130) and a
side effect that is caused unintentionally by the con-
trol target device (130),

the undesirable effect is the side effect, and

the control detail selecting unit (114) selects the con-
trol detail of the one control target device (130) which
is capable of weakening the side effect.

The device control apparatus (110) according to
claim 1, further comprising an information obtaining
unit (112) configured to obtain device status infor-
mation indicating the control detail in each of the plu-
rality of control target devices (130),

wherein the control detail selecting unit (114) moni-
tors a change of the control detail in each of the plu-
rality of control target devices (130) on the basis of
the device status information obtained by the infor-
mation obtaining unit (112),

when the change of the control detail in one control
target device (130) among the control target devices
(130) has occurred, the control detail selecting unit
(114) identifies the effect caused by the control detail
after the change in the one control target device
(130), on the basis of the device control effect infor-
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mation, and

when the identified effect is an undesirable effect for
a user who is present in the same space as the one
control target device (130), the control detail select-
ing unit (114) selects another control target device
(130) thatis causing a desirable effect for a user who
is presentinthe same space as the one control target
device (130) and also selects the control detail that
further intensifies the desirable effect in the selected
another control target device (130).

The device control apparatus (110) according to
claim 17, wherein

the effect includes a main effect that is caused in-
tentionally by the control target device (130) and a
side effect that is caused unintentionally by the con-
trol target device (130),

the undesirable effect is the side effect,

the desirable effect is the main effect, and

the control detail selecting unit (114) selects the con-
trol detail that intensifies the main effect in the an-
other control target device (130).

The device control apparatus (210) according to any
one of claims 2 to 18, wherein

the device control effectinformation further indicates
a physical quantity of the effect,

the storage unit (213) further stores device location
information indicating a position where each of the
plurality of control target devices (130) is installed
and target value information indicating a range of a
measured value relevant to an environment regard-
ed as preferable by a user,

the information obtaining unit (212) further obtains
the measured value detected by an environment de-
tection sensor (260), from the environment detection
sensor (260) that detects the measured value rele-
vant to an environment of a user, and

when the measured value obtained by the informa-
tion obtaining unit (212) deviates from the range in-
dicated by the target value information, the control
detail selecting unit (214) selects the control target
device (130) and the control detail that cause the
effect of making the measured value detected by the
environmentdetection sensor (260) within the range.

A device control system (100) comprising a plurality
of control target devices (130) and a device control
apparatus (110) that controls each of the plurality of
control target devices (130), wherein

the device control apparatus (110) includes:

a storage unit (113) configured to store device
control effect information indicating, for each of
the control target devices (130), the control tar-
get device (130), a control detail, and an effect
that is caused by the control detail of the control
target device (130) and can be sensed by a user
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34

who is present in the same space as the control
target device (130);

a control detail selecting unit (114) configured
to select the control target device (130) and the
control detail that cause the effect of achieving
a predetermined purpose, from among the plu-
rality of control target devices (130), on the basis
of the device control effect information; and

a command transmitting unit (115) configured
to transmit a device control command corre-
sponding to the control detail selected by the
control detail selecting unit (114), to the control
target device (130) selected by the control detail
selecting unit (114).
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