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DESCRIPTION

Title of Invention:

SATISFACTION LEVEL CALCULATION DEVICE, SATISFACTION LEVEL
CALCULATION METHOD, AND SATISFACTION LEVEL CALCULATION
PROGRAM

Technical Field

[0001] | The present disclosufe relates to a techniqué of making evaluatioﬁ of a space
environment.

Background Art

[0002] In recent years, for controlling various electrical household appliances such as
air-conditioning devices and lighting devices, a method of calculating a user's
environment-related satisfaction level, such as a thermal-environment satisfaction level
or a light-environment satisfaction level, has been suggested.

Patent Literature 1 describes a method for air-conditioning control devices by
using Predicted Mean Vote (hereinafter PMV) calculated from six factors: activity
amount, clothing insulation, room temperature, humidity, indoor air sﬁeed, and average
radiant temperature.

Citation List

Patent Literature

[0003] Patent Literature 1: WO 2019/026998

Summary of Invention

Technical Problem

[0004] By calculating PMV, it is possible to specify a user's satisfaction level about

the thermal environment. However, only with a satisfaction level for a single
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environmental index such as the satisfaction level about the thermal environment, a
user's satisfaction level with mutual influences of a plurality of environmental indexes is
uncertain.

For example, even if the user is satisfied with the thermal environment alone
or the light environment alone, the user may be dissatisfied with an environment where
the thermal environment and the light environment mutually influence each other, for
example, lighting has a warm color as a light environment and degrades the thermal
envir;)nment. In this case,/ only with the satisfacﬁon level about the thérmal
environment, it is uncertain that the user is dissatisfied. That is, it cannot be said that
the conventional index of the satisfaction level with respect to a single environment
appropriately indicates the user's satisfaction level with respect to the environment.

The present disclosure has as its object to allow a user's appropriate
satisfaction level with respect to an environment to be found.

Solution to Problem
[0005] A satisfaction level calculation device according to the present disclosure
includes:

an individual calculating unit to calculate, from environmental data acquired
by taking each of a plurality of indexes about a space environment as a target index and
measuring the target index, an individual satisfaction level, which is a satisfaction level
of the target index; and

an overall calculating unit to calculate, from the individual satisfaction level
about each of the plurality of indexes calculated by the individual calculating unit, an
overall satisfaction level, which is an overall satisfaction level about the space
environment.

Advantageous Effects of Invention
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[0006] In the present disclosure, an overall satisfaction level, which is an overall level
of satisfaction, is calculated based on an individual satisfaction level of each of a
plurality of indexes about the environment. With this, a user's appropriate satisfaction
level with respect to the environment can be found.
Brief Description of Drawings
[0007] Fig. 1 is a diagram of structure of a satisfaction level calculation system 100
according to Embodiment 1.
| Fig. 2 isa diagfam of structure of a sétisfaction level calculétion device 10

according to Embodiment 1.

Fig. 3 is a flowchart illustrating operation of the satisfaction level calculation
device 10 according to Embodiment 1.

Fig. 4 is a diagram describing an environmental data storage unit 51 according
to Embodiment 1.

Fig. 5 is a diagram describing a satisfaction level storage unit 52 according to
Embodiment 1.

Fig. 6 is a diagram of structure of the satisfaction level calculation device 10
according to Modification 2.

Fig. 7 is a diagram of structure of the satisfaction level calculation system 100
according to Embodiment 2.

Fig. 8 is a diagram of structure of the satisfaction level calculation device 10
according to Embodiment 2.

Fig. 9 is a flowchart illustrating operation of the satisfaction level calculation
device 10 according to Embodiment 2.

Fig. 10 is a diagram describing a display screen according to Embodiment 2.

Fig. 11 is a diagram describing a display screen according to Modification 4.
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Fig. 12 is a diagram of structure of the satisfaction level calculation system
100 according to Embodiment 3.

Fig. 13 is a diagram of structure of the satisfaction level calculation device 10
according to Embodiment 3.

Fig. 14 is a flowchart illustrating operation of the satisfaction level calculation
device 10 according to Embodimeﬁt 3.

Fig. 15 is a diagram of structure of the satisfaction level calculation system

100 according to Embodiment 4.

Fig. 16 is a diagram of structure of the satisfaction level calculation device 10
according to Embodiment 4.

Fig. 17 is a flowchart illustrating operation of the satisfaction level calculation
device 10 according to Embodiment 4. |

Fig. 18 is a diagram of structure of the satisfaction level calculation system
100 according to Embodiment 5.

Fig. 19 is a diagram of structure of the satisfaction level calculation device 10
according to Embodiment 5.

Fig. 20 is a flowchart illustrating operation of the satisfaction level calculation
device 10 according to Embodiment 5.
Description of Embodiments
[0008] Embodiment 1.

***Description of Structure***

With reference to Fig. 1, the structure of a satisfaction level calculation system
100 according to Embodiment 1 is described.

The satisfaction level calculation system 100 includes a satisfaction level

calculation device 10, environment sensors 20 regarding a plurality of indexes, and a
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relay device 30.  The satisfaction level calculation device 10 is connected to the relay
device 30 via a transmission path. The relay device 30 is connected to each
environment sensor 20 via transmission paths.

[0009] The satisfaction level calculation device 10 is a computer which calculates a
user's satisfaction level about a space environment. The environment sensors 20 are
devices which detect environmental data about environmental indexes. The relay
device 30 is a device which transmits the environmental data detected by each
environment senso} 20 to the satisfactioﬁ level calculation device 10.

[0010] In Embodiment 1, the satisfaction level calculation system 100 includes, as the
environment sensors 20, a thermal environment sensor 21, a light environment sensor
22, an air quality environment sensor 23, and a sound environment sensor 24.

The thermal environment sensor 21 detects environmental data about a thermal
environment. As a specific example, the thermal environment sensor 21 is a
thermometer, a hygrometer, or a PMV meter. The light environment sensor 22 detects
environmental data about a light environment. As a specific example, the light
environment sensor 22 is an illuminometer or a luminance meter. The air quality
environment sensor 23 detects environmental data about air quality. As a specific
example, the air quality environment sensor 23 is a carbon dioxide meter. The sound
environment sensor 24 detects environmental data about a sound environment. Asa
specific example, the sound environment sensor 24 is a sound pressure meter.

[0011] With reference to Fig. 2, the structure of the satisfaction level calculation
device 10 according to Embodiment 1 is described.

The satisfaction level calculation device 10 is a computer.

The satisfaction level calculation device 10 includes hardware including a

processor 11, a memory 12, a storage 13, a communication interface 14, and an
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input/output interface 15. The processor 11 is connected to other pieces of hardware
via a signal line to control these other pieces of hardware.

[0012] The processor 11 is an IC (Integrated Circuit) performing processing. As a
specific example, the processor 11 is a CPU (Central Processing Unit), a DSP (Digital
Signal Processor), or a GPU (Graphics Processing Unit).

[0013] The memory 12 is a storage device which temporarily stores data. Asa
specific example, the memory 12 is an SRAM (Static Random Access Memory) ora
DRAM (Dynarmc Random Access Memory)

[0014] The storage 13 is a storage device which retains data. ~ As a specific example,
the storage 13 is an HDD (Hard Disk Drive). Also, the storage 13 may be a portable
recording medium, such as an SD (registered trademark, Secure Digital), a memory
card, a CF (CompactFlash, registered trademark), a NAND flash, a flexible disk, an
optical disk, a compact disk, a Blu-ray (registered trademark) disk, or a DVD (Digital
Versatile Disk).

[0015] The communication interface 14 is an interface for communicating with an
external device. As a specific example, the communication interface 14 is a port of
Ethernet (registered trademark).

[0016] The input/output interface 15 is an interface for connecting an input device and
an output device together.  As a specific example, the input/output interface 15 is a
port of a USB (Universal Serial Bus) or HDMI (registered trademark, High-Definition
Multimedia Interface).

[0017] The satisfaction level calculation device 10 includes a data acquiring unit 41,
an individual calculating unit 42, and an overall calculating unit 43 as functional
components. In Embodiment 1, the individual calculating unit 42 includes a thermal

calculating unit 421, a light calculating unit 422, an air calculating unit 423, and a sound
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calculating unit 424. The functions of each functional component of the satisfaction
level calculation device 10 are implemented by software.

In the storage 13, a program implementing the functions of each functional
component of the satisfaction level calculation device 10 is stored. This program is
read by the processor 11 into the memory 12 and executed by the processor 11.  With
this, the functions of each functional component of the satisfaction level calculation
device 10 are implemented.

[0018] Alsé, the storage 13 impléments an environmenial data storage unit 51 and a
satisfaction level storage unit 52.

[0019] In Fig. 2, only one processor 11 is illustrated. However, a plurality of
processor.s 11 may be provided, and the plurality of processors 11 may execute, in a
coordinated fashion, a program implementing each function.

[0020] ***Description of Operation***

With reference to Fig. 3, the operation of the satisfaction level calculation
device 10 according to Embodiment 1 is described.

The operation procedure of the satisfaction level calculation device 10
according to Embodiment 1 is equivalent to a satisfaction level calculation method
according to Embodiment 1. Also, a program implementing the operation of the
satisfaction level calculation device 10 according to Embodiment 1 is equivalent to a
satisfaction level calculation program according to Embodiment 1.

[0021] (Step S11 of Fig. 3: Environmental Data Acquiring Process)

The data acquiring unit 41 acquires environmental data detected by each
environment sensor 20 via the relay device 30.

Specifically, each environment sensor 20 transmits the detected environmental

data to the relay device 30. Then, the relay device 30 transmits the environmental data



10

15

20

25

transmitted from each environment sensor 20 to the satisfaction level calculation device
10.  The data acquiring unit 41 acquires the environmental data transmitted from the
relay device 30.

When acquiring all pieces of environmental data detected at all of the
environment sensors 20, the data acquiring unit 41 causes the process to proceed to step
S12. That is, in Embodiment 1, when acquiring environmental data detected by the
thermal environment sensor 21, environmental data detected by the light environment
sensor 22,) environmental data détected by the air quality environment sensof 23, and
environmental data detected by the sound environment sensor 24, the data acquiring
unit 41 causes the process to proceed to step S12.  On the other hand, if there is
environmental data not acquired, the data acquiring unit 41 waits until that
environmental data can be acquired.

As illustrated in Fig. 4, the data acquiring unit 41 assigns an identifier to a set
of the pieces of environmental data detected at the environment sensors 20 and writes
them in the environmental data storage unit 51.

[0022] (Step S12 of Fig. 3: Individual Calculating Process)

The individual calculating unit 42 sets each of a plurality of indexes about the
space environment as a target index. In Embodiment 1, the individual calculating unit
42 sets each of four indexes, that is, a thermal index, a light index, an air quality index,
and a sound index, as a target index. From the environmental data acquired by
measuring the target index, the individual calculating unit 42 calculates an individual
satisfaction level, which is a satisfaction level of the target index.

As illustrated in Fig. 5, the individual calculating unit 42 writes each
calculated individual satisfaction level in the satisfaction level storage unit 52 to gether

with the identifier assigned to the environmental data at step S11.
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[0023] Specifically, the thermal calculating unit 421 calculates, from the
environmental data detected by the thermal environment sensor 21, a thermal
satisfaction level, which is a satisfaction level about the thermal index, as an individual
satisfaction level. The thermal satisfaction level is a value indicating a user's
satisfaction level with respect to thermal sense, such as hot or cold, based on
temperature, humidity, or the like.

For example, the thermal calculating unit 421 calculates a thermal satisfaction
level W&th an expression of thermal satisfaction levél = temperaturex a+b.vv Here, a and
b are parameters. a and b are set from previous data with a scheme such as multiple
regression analysis, or are specified by the user.

[0024]  Also, the light calculating unit 422 calculates, from the environmental data
detected by the light environment sensor 22, a light satisfaction level, which is a
satisfaction level about the light index, as an individual satisfaction level. The light
satisfaction level is a value indicating a user's satisfaction level with respect to the space
or work in a light environment including not only brightness such as bright or dark but
also hue, chroma, and so forth.

For example, the light calculating unit 422 calculates a light satisfaction level
with an expression of light satisfaction level = luminancexc+illuminancexd+e. Here,
¢, d, and e are parameters. ¢, d, and e are set from previous data with a scheme such as
multiple regression analysis, or are specified by the user.

[0025] Also, the air calculating unit 423 calculates, from the environmental data
detected by the air quality environment sensor 23, an air quality satisfaction level,
which is a satisfaction level about the air quality index, as an individual satisfaction
level.  The air quality satisfaction level is a value indicating a user's satisfaction level

with respect to air quality such as a carbon dioxide concentration. Note that the air
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quality satisfaction level may be calculated also in consideration of the temperature,
humidity, and so forth detected by the thermal environment sensor 21.

For example, the air calculating unit 423 calculates an air quality satisfaction
level with an expression of air quality satisfaction level = carbon dioxide
concentrationxf+g. Here, fand g are parameters. fand g are set from previous data
with a scheme such as multiple regression analysis, or are specified by the user.

[0026] Also, the sound calculating unit 424 calculates, from the environmental data
detécted by the sound environment sensor 24, a éound satisfaction levél, which is a
satisfaction level about the sound index, as an individual satisfaction level. The sound
satisfaction level is a value indicating a user's satisfaction level with respect to sound,
such as the magnitude of noise.

For example, the sound calculating unit 424 calculates a sound satisfaction
level with an expression of sound satisfaction level = acoustic feature soundxh-+i.

Here, h and i are parameters. h and i are set from previous data with a scheme such as
multiple regression analysis, or are specified by the user. In the acoustic feature
sound, features of sound, such as sound pressure and tone, are defined by numerical
values.

[0027] (Step S13 of Fig. 3: Overall Calculating Process)

The overall calculating unit 43 calculates, from the individual satisfaction level
about each of the plurality of indexes calculated at step S12, an overall satisfaction
level, which is an overall satisfaction level about a space environment.

In Embodiment 1, the overall calculating unit 43 calculates an overall
satisfaction level from the thermal satisfaction level, the light satisfaction level, the air
quality satisfaction level, and the sound satisfaction level. Specifically, the overall

calculating unit 43 weights the thermal satisfaction level, the light satisfaction level, the
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air quality satisfaction level, and the sound satisfaction level and then adds together,
thereby calculating an overall satisfaction level.

For example, the overall calculating unit 43 calculates an overall satisfaction
level with an expression of overall satisfaction level = thermal satisfaction level x j +
light satisfaction level x k + air satisfaction level x 1+ sound satisfaction level x m + n.
Here, j, k, 1, m, and n are parameters. j, k, |, m, and n are set from previous data with a
scheme such as multiple regression analysis, or are specified by the user.

As illustrated in Fig. 5, the overall célculating unit 43 writés the calculated
overall satisfaction level into a record of the satisfaction level storage unit 52 having the
individual satisfaction levels written at step S12.

[0028] Note that a case can be also thought in which individual satisfaction levels and
an overall satisfaction level of each of a plurality of spaces are calculated. In this case,
the satisfaction level calculation device 10 performs the process illustrated in Fig. 3 on
each of the plurality of spaces as a target to calculate individual satisfaction levels and
an overall satisfaction level of each of the plurality of spaces.

[0029] ***Effects of Embodiment 1%**

As described above, the satisfaction level calculation device 10 according to
Embodiment 1 calculates an overall satisfaction level, which is an overall level of
satisfaction, based on each of the individual satisfaction levels of the plurality of
indexes about the environment. With this, a user's appropriate satisfaction level with
respect to the environment can be found.

[0030] ***Other Structures***
<Modification 1>
In Embodiment 1, the individual calculating unit 42 sets each of four indexes,

that is, the thermal index, the light index, the air quality index, and the sound index, as a
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target index to calculate four individual satisfaction levels, that is, a thermal satisfaction
level, a light satisfaction level, an air quality satisfaction level, and a sound satisfaction
level. Then, the overall calculating unit 43 calculates an overall satisfaction level from
these four individual satisfaction levels.

However, the individual calculating unit 42 is not limited to use these four as
individual satisfaction levels. The satisfaction level calculation device 10 may use
only part of these four individual satisfaction levels or may use individual satisfaction
levels other than theée four. Then, the ox}erall calculating unit 43 is only required to
calculate an overall satisfaction level from two or more individual satisfaction levels
calculated by the individual calculating unit 42.

[0031] As individual satisfaction levels other than these four, there are, for example, a
space-congestion satisfaction level, which is a user's satisfaction level with respect to a
person or substance occupying a space, and a greening satisfaction level, which is a
user's satisfaction level with respect to foliage plants placed in a space.

[0032] <Modification 2>

In Embodiment 1, each functional component is implemented by software.
However, as Modification 2, each functional component may be implemented by
hardware.  As for this Modification 2, description is made on points different from
Embodiment 1.

[0033] With reference to Fig. 6, the structure of the satisfaction level calculation
device 10 according to Modification 2 is described.

When each functional component is implemented by hardware, the satisfaction
level calculation device 10 includes an electronic circuit 16 in place of the processor 11,
the memory 12, and the storage 13. The electronic circuit 16 is a dedicated circuit

implementing the functions of each functional component, the memory 12, and the
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storage 13.

[0034]  As the electronic circuit 16, a single circuit, a composite circuit, a programmed
processor, a parallel-programmed processor, a logic IC, a GA (Gate Array), an ASIC
(Application Specific Integrated Circuit), or an FPGA (Field-Programmable Gate
Array) is assumed.

Each functional component may be implemented by one electronic circuit 16,
or each functional component may be implemented as being distributed into a plurality
of electronic circﬁits 16. | | |
[0035] <Modification 3>

As Modification 3, some functional components may be implemented by
hardware and the other functional components may be implemented by software.
[0036] The processor 11, the memory 12, the storage 13, and the electronic circuit 16
are referred to as a processing circuitry. That is, the functions of each functional
component are implemented by the processing circuitry.

[0037] Embodiment 2.

Embodiment 2 is different from Embodiment 1 in that an overall satisfaction
level calculated By the overall calculating unit 43 is displayed. In Embodiment 2, this
different point is described and description of the same points is omitted.

[0038] ***Description of Structure***

With reference to Fig. 7, the structure of the satisfaction level calculation
system 100 according to Embodiment 2 is described.

The satisfaction level calculation system 100 is different from the satisfaction
level calculation system 100 illustrated in Fig. 1 in that a display device 60 is included.
The display device 60 is a device which visualizes information, such as an LCD (Liquid

Crystal Display).
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[0039] With reference to Fig. 8, the structure of the satisfaction level calculation
device 10 according to Embodiment 2 is described.

The satisfaction level calculation device 10 is different from the satisfaction
level calculation device 10 illustrated in Fig. 2 in that a satisfaction level display unit 44
is included as a functional component. As with the other functional components, the
functions of the satisfaction level display unit 44 are implemented by software or
hardware.

[0040] ***Description of Operatio(n***

With reference to Fig. 9 to Fig. 11, the operation of the satisfaction level
calculation device 10 according to Embodiment 2 is described.

The operation procedure of the satisfaction level calculation device 10
according to Embodiment 2 is equivalent to a satisfaction level calculation method
according to Embodiment 2.  Also, a program implementing the operation of the
satisfaction level calculation device 10 according to Embodiment 2 is equivalent to a
satisfaction level calculation program according to Embodiment 2.

[0041] The process at step S21 to step S23 of Fig. 9 is identical to the process at step
S11 to step S13 of Fig. 3.
[0042] (Step S24 of Fig. 9: Display Process)

The satisfaction level display unit 44 causes a display screen representing the
overall satisfaction level calculated at step S23 to be displayed on the display device 60.

Specifically, the satisfaction level display unit 44 reads the overall satisfaction
level from the satisfaction level storage unit 52, processes it into a display screen, and
then transmits the display screen to the display device 60 for display. Here, the
satisfaction level display unit 44 may cause also the individual satisfaction levels

calculated at step S22 to be displayed together on the display device 60. That is, the
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satisfaction level display unit 44 may read not only the overall satisfaction level but also
the individual satisfaction levels from the satisfaction level storage unit 52, process
them into a display screen, and then transmit the display screen to the display device 60
for display.

As a specific example, the satisfaction level display unit 44 may cause a
display screen representing time-series graphs indicating time-series changes of the
overall satisfaction level and each individual satisfaction level to be displayed on the
display device 60. For each individual satisfaction lev’el, the satisfaction levél display
unit 44 may generate a display screen representing not a time-series graph but a current
value.

[0043] Note that a case can be also thought in which individual satisfaction levels and
an overall satisfaction level of each of a plurality of spaces are calculated. In this case,
as illustrated in Fig. 10, the satisfaction level display unit 44 generates, for each space, a
display screen representing time-series graphs of the overall satisfaction level and each
individual satisfaction level. Then, the satisfaction level display unit 44 causes the
display screen of the specified space to be displayed on the display device 60.

[0044] ***Effects of Embodiment 2%**

As described above, the satisfaction level calculation device 10 according to
Embodiment 2 causes the overall satisfaction level and so forth to be displayed on the
display device 60. With this, by checking the display device 60, the user's satisfaction
level with respect to the environment can be checked.  As a result, it is possible to
appropriately determine a method of controlling the device for controlling the space
environment.

[0045] ***Other Structures***

<Modification 4>
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In Embodiment 2, when individual satisfaction levels and an overall
satisfaction level of each of the plurality of spaces are calculated, a display screen is
generated for each space.

However, as illustrated in Fig. 11, the satisfaction level display unit 44 may
generate a display screen representing an overall satisfaction level of each of the
plurality of spaces. Specifically, the satisfaction level display unit 44 provides a
separate display area for each space, and sets time-series graphs of the overall
satisfaction level and each individual satisfaction levﬂel for each space in théir
corresponding display areas. With this, the satisfaction level display unit 44 generates
a display screen in which time-series graphs of the overall satisfaction level and each
individual satisfaction level of each of the plurality of spaces are displayed. Then, the
satisfaction level display unit 44 causes this display screen to be displayed on the
display device 60.

With this, for the plurality of spaces, the user's satisfaction levels with respect
to the environment can be checked all at once.

[0046] Embodiment 3.

Embodiment 3 is different from Embodiments 1 and 2 in that a method of
controlling a device 70 that influences the space environment is determined in
accordance with the overall satisfaction level. In Embodiment 3, this different point is
described and description of the same points is omitted.

In Embodiment 3, a case is described in which a function is added to
Embodiment 1. However, it is possible to add a function to Embodiment 2.

[0047] ***Description of Structure***
With reference to Fig. 12, the structure of the satisfaction level calculation

system 100 according to Embodiment 3 is described.
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The satisfaction level calculation system 100 is different from the satisfaction
level calculation system 100 illustrated in Fig. 1 in that the device 70 is included. The
device 70 is a controllable device which influences the space environment. As a
specific example, the device 70 is an air-conditioning device, a lighting device, a
ventilating device, or an acoustic device. Note that the satisfaction level calculation
system 100 desirably includes the device 70 which influences two or more
environmental indexes. This is because, by including the device 70 which influences
two orr more environmental ’indexes, it is possible to adjust a plurality of individual
satisfaction levels and easily improve the overall satisfaction level.

[0048] With reference to Fig. 13, the structure of the satisfaction level calculation
device 10 according to Embodiment 3 is described.

The satisfaction level calculation device 10 is different from the satisfaction
level calculation device 10 illustrated in Fig. 2 in that a control determining unit 45 is
included as a functional component. As with the other functional components, the
functions of the control determining unit 45 are implemented by software or hardware.
[0049] ***Description of Operation***

With reference to Fig. 14, the operation of the satisfaction level calculation
device 10 according to Embodiment 3 is described.

The operation procedure of the satisfaction level calculation device 10
according to Embodiment 3 is equivalent to a satisfaction level calculation method
according to Embodiment 3. Also, a program implementing the operation of the
satisfaction level calculation device 10 according to Embodiment 3 is equivalent to a
satisfaction level calculation program according to Embodiment 3.

[0050] The process at step S31 to step S33 of Fig. 14 is identical to the process at step

S11 to step S13 of Fig. 3.
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[0051] (Step S34 of Fig. 14: Control Determining Process)

The control determining unit 45 determines a method of controlling the device
70 which influences the space environment in accordance with the overall satisfaction
level calculated at step S33. Here, the control determining unit 45 may determine a
method of controlling the device 70 in consideration of the individual satisfaction levels
calculated at step S32.

Specifically, the control determining unit 45 determines whether the overall
satisfaction level is equai to or smaller than a tﬁreshold. The thresh;)Id is assumed to
be determined in advance and stored in the storage 13.  When the overall satisfaction
level is equal to or smaller than the threshold, the control determining unit 45
determines, as a control method, a method causing the overall satisfaction level to
become higher than the threshold. Here, the control determining unit 45 may
determine, as a control method, a method causing also each individual satisfaction level
to become higher than a threshold. On the other hand, when the overall satisfaction
level is higher than the threshold, the control determining unit 45 determines that the
current control method is maintained.

[0052] A specific example of the method of determining a control method is
described.

As illustrated in Fig. 4, in the environmental data storage unit 51,
environmental data is stored for each identifier. As illustrated in Fig. 5, in the
satisfaction level storage unit 52, the individual satisfaction levels and the overall
satisfaction level are stored for each identifier. The environmental data as calculation
sources and the calculated individual satisfaction levels and overall satisfaction level are
assigned with the same identifier. Here, the environmental data and the individual

satisfaction levels and overall satisfaction level assigned with the same identifier are
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assumed to be one set.

With reference to the environmental data storage unit 51 and the satisfaction
level storage unit 52, the control determining unit 45 specifies a set in which the overall
satisfaction level is higher than the threshold and the environmental data about each of
the plurality of indexes is close to the current space environment. The environmental
data about each of the plurality of indexes being close to the current space environment
means that, for example, for all indexes, the value indicated by the environmental data
'is within a reference rénge from a value about the current space eﬁvironment. The
reference range may be defined for each index. Then, the control determining unit 45
determines, as a control method, a method causing the state of the space environment to
become close to a state indicated by the environmental data in the specified set.

[0053] Note that the method of determining a control method is not limited to this
method and machine learning using a convolutional neural network or the like may be
used. With this, when a control method is determined, satisfaction levels are taken as
inputs, and an optimal method of controlling the device 70 can be determined by
machine learning.

[0054] ***Effects of Embodiment 3***

As described above, the satisfaction level calculation device 10 according to
Embodiment 3 determines a method of controlling the device which influences the
space environment in accordance with the overall satisfaction level. With this, it is
possible to keep the space in a state comfortable for the user.

[0055] ***Other Structures***
<Modification 5>
In Embodiment 3, when the overall satisfaction level is equal to or smaller

than the threshold, the control determining unit 45 specifies a set in which the overall
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satisfaction level is higher than the threshold and the environmental data about each of
the plurality of indexes is close to the current space environment. Then, the control
determining unit 45 determines, as a control method, a method causing the state of the
space environment to become close to a state indicated by the environmental data in the
specified set.
[0056] As Modification 5, the control determining unit 45 may specify a set in which
the overall satisfaction level is the highest in a previous certain period. Then, the
control determininé unit 45 may determine, as a control method, a method causing th.e
state of the space environment to become close to a state indicated by the environmental
data in the specified set. The certain period may be a period specified by the user or a
period specified in accordance with the environment such as any of the four seasons.
Specifically, the control determining unit 45 determines whether there is a set
in which the overall satisfaction level in the previous certain period is higher than the
overall satisfaction level calculated at step S33. If there is a set in which the overall
satisfaction level in the previous certain period is higher, the control determining unit 45
specifies a set in which the overall satisfaction level is the highest in the previous
certain period. Then, the control determining unit 45 determines, as a control method,
a method causing the state of the space environment to become close to the state
indicated by the environmental data in the specified set.
[0057] The control determining unit 45 may specify a set in which not the overall
satisfaction level but a specific individual satisfaction level is the highest and determine,
as a control method, a method causing the state of the space environment to become
close to the state indicated by the environmental data in the specified set.
Alternatively, the control determining unit 45 may specify a set in which each

individual satisfaction level and the overall satisfaction level are all the highest and
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determine, as a control method, a method causing the state of the space environment to
become close to the state indicated by the environmental data in the specified set.
Alternatively, the control determining unit 45 may specify a set in which an average
value of each individual satisfaction level and the overall satisfaction level is the highest
and determine, as a control method, a method causing the state of the space environment
to become close to the state indicated by the environmental data in the specified set.
Alternatively, the control determining unit 45 may specify a set in which the number of
the highest satisfaction levels among éach individual satisfaction level and the ovérall
satisfaction level is the highest and determine, as a control method, a method causing
the state of the space environment to become close to the state indicated by the
environmental data in the specified set.

[0058] Embodiment 4.

Embodiment 4 is different from Embodiment 3 in that a control method is
determined in consideration of consumed power. In Embodiment 4, this different
point is described and description of the same points is omitted.

[0059] ***Description of Structure***

With reference to Fig. 15, the structure of the satisfaction level calculation
system 100 according to Embodiment 4 is described.

The satisfaction level calculation system 100 is different from the satisfaction
level calculation system 100 illustrated in Fig. 12 in that a consumed power measuring
device 80 is included. The consumed power measuring device 80 is a device which
measures consumed power of each device 70 and consumed power of the entire
building configuring a space.

[0060] With reference to Fig. 16, the structure of the satisfaction level calculation

device 10 according to Embodiment 4 is described.
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The satisfaction level calculation device 10 is different from the satisfaction
level calculation device 10 illustrated in Fig. 13 in that a consumed power specifying
unit 46 is included as a functional component. As with the other functional
components, the functions of the consumed power specifying unit 46 are implemented
by software or hardware.

[0061] ***Description of Operation***

With reference to Fig. 17, the operation of the satisfaction level calculation
device 10 acéording to Embodimeﬁt 4 is described. |

The operation procedure of the satisfaction level calculation device 10
according to Embodiment 4 is equivalent to a satisfaction level calculation method
according to Embodiment 4.  Also, a program implementing the operation of the
satisfaction level calculation device 10 according to Embodiment 4 is equivalent to a
satisfaction level calculation program according to Embodiment 4.

[0062] The process at step S41 to step S43 of Fig. 17 is identical to the process at step
S31 to step S33 of Fig. 14.
[0063] (Step S44 of Fig. 17: Consumed Power Specifying Process)

The consumed power specifying unit 46 acquires consumed power of each
device 70 and consumed power of the entire building configuring a space measured by
the consumed power measuring device 80. The consumed power specifying unit 46
specifies a device 70 with consumed power exceeding a reference value from among
devices 70. The reference value may be defined for each device 70.

[0064] (Step S45 of Fig. 17: Control Determining Process)

The control determining unit 45 determines a method of controlling the device

70 which influences the space environment in accordance with the consumed power

specified at step S44.
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Specifically, the control determining unit 45 determines a control method by
taking the individual satisfaction levels calculated at step S42, the overall satisfaction
level calculated at step S43, and the consumed power acquired at step S44 as inputs.
[0065] First, the control determining unit 45 determines whether the overall
satisfaction level is equal to or smaller than a threshold.

When the overall satisfaction level is equal to or smaller than the threshold, the
control determining unit 45 determines a control method in a manner similar to that at
step S34 o’f Fig. 14. When thefe are a plurality of méthods in which the ovérall
satisfaction level is higher than the threshold, the control determining unit 45 may
determine, as a control method, a method in which the consumed power is the smallest.

When the overall satisfaction level is higher than the threshold, while
maintaining the current overall satisfaction level, the control determining unit 45
determines, as a control method, a method causing the consumed power to decrease.
For example, while maintaining the overall satisfaction level, the control determining
unit 45 determines, as a control method, a method capable of causing the consumed
power of the device 70 with consumed power exceeding the reference value at step S44
to decrease. As a specific example, it is assumed that an air-conditioning device is in
cooling operation and the consumed power of the air-conditioning device exceeds the
reference value. In this case, control is performed in which, while the setting
temperature of the air-conditioning device is increased to decrease consumed power, the
hue of lighting by a lighting device is changed to a color which makes people feel cool.
With this, while the overall satisfaction level is maintained, the consumed power can be
decreased.

[0066] Note that the method of determining a control method is not limited to this

method and machine learning using a convolutional neural network or the like may be
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used. With this, when a control method is determined, the satisfaction levels and the
consumed power are taken as inputs, and an optimal method of controlling the device
70 can be determined by machine learning.

[0067] ***Effects of Embodiment 4***

As described above, the satisfaction level calculation device 10 according to
Embodiment 4 determines a control method in consideration of consumed power.
With this, while keeping the space in a state comfortable for the user, it is possible to
reduce bonsumed power. | |
[0068] Embodiment 5.

Embodiment 5 is different from Embodiments 1 to 4 in that the satisfaction
level is calculated in consideration of the subjective sense of a user using a space. In
Embodiment 5, this different point is described and description of the same points is
omitted.

In Embodiment 5, a case is described in which a function is added to
Embodiment 1. However, it is possible to add a function to Embodiments 2 to 4.
[0069] ***Description of Structure***

With reference to Fig. 18, the structure of the satisfaction level calculation
system 100 according to Embodiment 5 is described.

The satisfaction level calculation system 100 is different from the satisfaction
level calculation system 100 illustrated in Fig. 1 in that a subjective-sense input device
90 is included. The subjective-sense input device 90 is a terminal such as a PC
(Personal Computer) and smartphone for use by a space user.

[0070] With reference to Fig. 19, the structure of the satisfaction level calculation
device 10 according to Embodiment 5 is described.

The satisfaction level calculation device 10 1s different from the satisfaction
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level calculation device 10 illustrated in Fig. 2 in that a subjective-sense accepting unit
47 is included as a functional component. As with the other functional components,
the functions of the subjective-sense accepting unit 47 are implemented by software or
hardware.

[0071] ***Description of Operation***

With reference to Fig. 20, the operation of the satisfaction level calculation
device 10 according to Embodiment 5 is described.

The operation prc;cedure of the satisfaction level calculation device 10
according to Embodiment 5 is equivalent to a satisfaction level calculation method
according to Embodiment 5.  Also, a program implementing the operation of the
satisfaction level calculation device 10 according to Embodiment 5 is equivalent to a
satisfaction level calculation program according to Embodiment 5.

[0072] The process at step S51 of Fig. 20 is identical to the process at step S11 of Fig.
3. The process at step S54 and step S55 of Fig. 20 is identical to the process at step
S12 and step S13 of Fig. 3.

[0073] (Step S52 of Fig. 20: Subjective-Sense Accepting Process)

The subjective-sense accepting unit 47 determines whether a subjective
evaluation has been newly inputted. If a subjective evaluation has been newly
inputted, the subjective-sense accepting unit 47 acquires the inputted subjective
evaluation, and causes the process to proceed to step S53.  On the other hand, if a
subjective evaluation has not been newly inputted, the subjective-sense accepting unit
47 causes the process to proceed to step S54.

Here, by taking each of the plurality of indexes as an evaluation index, a
subjective evaluation indicating whether the current state is satisfactory for each

evaluation index is inputted by the user to the subjective-sense input device 90. For
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example, as for the thermal environment, when the current state is appropriate, a
subjective evaluation indicating the state is satisfactory is inputted. ~When the current
state is hot or cold, a subjective evaluation indicating that the state is unsatisfactory is
inputted. Then, the subjective-sense input device 90 transmits the subjective
evaluation to the satisfaction level calculation device 10. When the subjective
evaluation is transmitted from the subjective-sense input device 90, the subjective-sense
accepting unit 47 takes the subjective evaluation as newly inputted and acquires the
sﬁbjective evaluation, aﬁd causes the process fo proceed to step S53.

[0074] (Step S53 of Fig. 20: Calculation Method Changing Process)

With the subjective evaluation accepted at step S52, the individual calculating
unit 42 changes the method of calculating the individual satisfaction level about each of
the plurality of indexes. Also, with the subjective evaluation accepted at step S52, the
overall calculating unit 43 changes the method of calculating the overall satisfaction
level.

Specifically, with the subjective evaluation accepted at step S52, the individual
calculating unit 42 changes parameters at the time of calculating the individual
satisfaction level. For example, the individual calculating unit 42 changes parameters
at the time of calculating the individual satisfaction level by conducting multiple
regression analysis by using evaluation indexes previously accepted. Similarly, with
the subjective evaluation accepted at step S52, the overall calculating unit 43 changes
the parameters (a to i) at the time of calculating the overall satisfaction level. For
example, the overall calculating unit 43 changes the parameters (j to n) at the time of
calculating the overall satisfaction level by conducting multiple regression analysis by
using evaluation indexes previously accepted.

[0075] Note that the method of changing parameters is not limited to this method, and
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a determination may be automatically made by using machine learning using a
convolutional neural network or the like.
[0076] ***Effects of Embodiment 5***

As described above, the satisfaction level calculation device 10 according to
Embodiment 5 changes the method of calculating a satisfaction level based on the
evaluation by the subjective sense of the user. With this, the subjective sense of the
user is reflected on satisfaction level calculation, making it possible to more
appropriately calculéte a satisfaction level.‘

[0077] Note that "unit" in the above description may be read as "circuit", "step",
"procedure", "process"”, or "processing circuit".

[0078] In the foregoing, the embodiments and the modifications of the present
disclosure have been described. Some of these embodiments and modifications may
be combined for implementation. Also, any one or some of these embodiments and
modifications may be partially implemented. Note that the present disclosure is not
limited to the above embodiments and modifications and can be variously changed as
required.

Reference Signs List

[0079] 100: satisfaction level calculation system; 10: satisfaction level calculation
device; 11: processor; 12: memory; 13: storage; 14: communication interface; 15:
input/output interface; 16: electronic circuit; 20: environment sensor; 21: thermal
environment sensor; 22: light environment sensor; 23: air quality environment sensor;
24: sound environment sensor; 30: relay device; 41: data acquiring unit; 42: individual
calculating unit; 421: thermal calculating unit; 422: light calculating unit; 423: air
calculating unit; 424: sound calculating unit; 43: overall calculating unit; 44:

satisfaction level display unit; 45: control determining unit; 46: consumed power
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specifying unit; 47: subjective-sense accepting unit; 51: environmental data storage
unit; 52: satisfaction level storage unit; 60: display device; 70: device; 80: consumed

power measuring device; 90: subjective-sense input device
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Claims
1. A satisfaction level calculation device comprising:

an individual calculating unit to calculate, from a plurality of pieces of
environmental data acquired by taking each of a plurality of indexes about a space
environment as a target index and measuring the target index, an individual satisfaction
level, which is a satisfaction level of the target index;

an overall calculating unit to calculate, from the individual satisfaction level
about each of the plurality of indexes calculated by the individual calculating unit, an
overall satisfaction level, which is an overall satisfaction level about the space
environment; and

a control determining unit to determine a method of controlling a device which
influences the space environment causing the individual satisfaction level about each of
the plurality of indexes calculated by the individual calculating unit to become higher
than a first threshold, and causing the overall satisfaction level calculated by the overall

calculating unit to become higher than a second threshold.

2. The satisfaction level calculation device according to claim 1, further
comprising:
a satisfaction level display unit to display a display screen representing the

overall satisfaction level calculated by the overall calculating unit.

3. The satisfaction level calculation device according to claim 2, wherein

the individual calculating unit calculates the individual satisfaction level about
each of a plurality of spaces,

the overall calculating unit calculates the overall satisfaction level about each

of the plurality of spaces, and
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the satisfaction level display unit displays the overall satisfaction level about

each of the plurality of spaces.

4. The satisfaction level calculation device according to any one of claims 1 to 3,
wherein
the control determining unit determines, as the control method, a method in

which consumed power is small.

5. The satisfaction level calculation device according to any one of claims 1 to 4,
further comprising:

a subjective-sense accepting unit to take each of the plurality of indexes as an
evaluation index and to accept an input of a subjective evaluation, which is an
evaluation about the evaluation index, wherein

with the subjective evaluation accepted by the subjective-sense accepting unit,
the individual calculating unit changes a method of calculating the individual

satisfaction level.

6. The satisfaction level calculation device according to any one of claims 1 to 5,
wherein
the individual calculating unit changes a method of calculating the individual

satisfaction level by machine learning.

7. A satisfaction level calculation method comprising:
by a computer, from a plurality of pieces of environmental data acquired by
taking each of a plurality of indexes about a space environment as a target index and

measuring the target index, calculating an individual satisfaction level, which is a
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satisfaction level of the target index;

by the computer, from the individual satisfaction level about each of the
plurality of indexes, calculating an overall satisfaction level, which is an overall
satisfaction level about the space environment; and

by the computer, determining a method of controlling a device which
influences the space environment causing the individual satisfaction level about each of
the plurality of indexes to become higher than a first threshold, and causing the overall

satisfaction level to become higher than a second threshold.

8. A satisfaction level calculation program that causes a computer to function as a
satisfaction level calculation device to perform:

an individual calculating process of calculating, from a plurality of pieces of
environmental data acquired by taking each of a plurality of indexes about a space
environment as a target index and measuring the target index, an individual satisfaction
level, which is a satisfaction level of the target index;

an overall calculating process of calculating, from the individual satisfaction
level about each of the plurality of indexes calculated by the individual calculating
process, an overall satisfaction level, which is an overall satisfaction level about the
space environment; and

a control determining process of determining a method of controlling a device
which influences the space environment causing the individual satisfaction level about
each of the plurality of indexes calculated by the individual calculating process to
become higher than a first threshold, and causing the overall satisfaction level

calculated by the overall calculating process to become higher than a second threshold.
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