
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
96

1 
11

5
A

1

(Cont. next page)

*EP003961115A1*
(11) EP 3 961 115 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
02.03.2022 Bulletin 2022/09

(21) Application number: 20794580.9

(22) Date of filing: 17.04.2020

(51) International Patent Classification (IPC):
F24F 5/00 (2006.01) F24F 11/43 (2018.01)

F24F 11/46 (2018.01) F24F 11/63 (2018.01)

(52) Cooperative Patent Classification (CPC): 
F24F 11/64; F24F 3/001; F24F 3/065; F24F 5/001; 
F24F 11/43; F24F 11/46; F24F 11/63; 
F24F 2003/003 

(86) International application number: 
PCT/JP2020/016968

(87) International publication number: 
WO 2020/218219 (29.10.2020 Gazette 2020/44)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 26.04.2019 JP 2019086786

(71) Applicant: DAIKIN INDUSTRIES, LTD.
Osaka-shi, Osaka 530-8323 (JP)

(72) Inventors:  
• OKAMOTO, Yasunori

Osaka-shi, Osaka 5308323 (JP)
• FUJITA, Naotoshi

Osaka-shi, Osaka 5308323 (JP)

(74) Representative: Hoffmann Eitle
Patent- und Rechtsanwälte PartmbB 
Arabellastraße 30
81925 München (DE)
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(57) An air-conditioning system that optimizes oper-
ation capacity of an outside air conditioning unit and op-
eration capacity of an air conditioning unit is provided.
An air-conditioning system includes an outside air con-
ditioning device, an air conditioning device, and a ma-
chine learning apparatus, and includes a state variable
acquiring unit configured to acquire state variables in-
cluding a condition of outside air, a condition of inside
air, an operation condition of the outside air conditioning
device, an operation condition of the air conditioning de-

vice, and a temperature or humidity set for a target space,
a learning unit configured to perform learning by associ-
ating the state variables with at least either the operating
capacity of the outside air conditioning device or the op-
erating capacity of the air conditioning device, and a re-
ward calculating unit configured to calculate a reward
that correlates with a total of energy consumption of the
outside air conditioning device and energy consumption
of the air conditioning device. The learning unit performs
the learning by using the reward.
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Description

Technical Field

[0001] The present disclosure relates to an air-condi-
tioning system, a machine learning apparatus, and a ma-
chine learning method.

Background Art

[0002] Conventionally, an air-conditioning system in-
cluding an outside air conditioning device that performs
air conditioning of a target space by heating or cooling
outside air and supplying the outside air to the target
space, and an air conditioning device that performs air
conditioning of the target space by heating or cooling air
in the target space (inside air) and supplying the air to
the target space is known.
[0003] This air-conditioning system is generally re-
quired to achieve both energy saving and comfort. With
respect to this, for example, Patent Document 1 discloses
a model (a model that determines the operating capacity
of each device) that determines a combination of a target
value of the evaporation temperature and a target value
of the supply air temperature based on a temperature of
the outside air, a humidity of the outside air, and an indoor
load factor.

[Related Art Document]

[Patent Document]

[0004] [Patent Document 1] Japanese Laid-open Pat-
ent Publication No. 2018-173264

Summary of the Invention

Problem to be Solved by the Present Disclosure

[0005] However, in order to actually optimize the op-
erating capacity of each device by using the model de-
scribed above, it is necessary to actually measure data
under various operation conditions after installation of
the air-conditioning system and construct a model that
reflects the characteristics of each device. The workload
after the installation is high.
[0006] The present disclosure provides an air-condi-
tioning system, a machine learning apparatus, and a ma-
chine learning method that optimize the operating capac-
ity of the outside air conditioning device and the operating
capacity of the air conditioning device.

Means for Solving Problem

[0007] An air-conditioning system according to a first
aspect of the present disclosure includes an outside air
conditioning device that includes an outside air condi-
tioning unit and a heating medium adjuster, and that per-

forms air conditioning of a target space by taking outside
air and supplying the outside air as supply air from the
outside air conditioning unit, the heating medium adjuster
adjusting a state of a heating medium flowing through
the outside air conditioning unit, an air conditioning de-
vice that includes multiple indoor units and a refrigerant
adjuster, and that performs air conditioning of the target
space by supplying, to the target space, inside air that is
cooled or heated by each of the multiple indoor units, the
refrigerant adjuster adjusting a state of refrigerant flowing
through each of the multiple indoor units, and the inside
air being air in the target space, and a machine learning
apparatus that performs learning with respect to at least
either an operating capacity of the outside air condition-
ing device or an operating capacity of the air conditioning
device, and includes a state variable acquiring unit con-
figured to acquire state variables including a condition of
the outside air, a condition of the inside air, an operation
condition of the outside air conditioning device, an oper-
ation condition of the air conditioning device, and a tem-
perature or humidity set for the target space, a learning
unit configured to perform the learning by associating the
state variables with at least either the operating capacity
of the outside air conditioning device or the operating
capacity of the air conditioning device, and a reward cal-
culating unit configured to calculate a reward that corre-
lates with a total of energy consumption of the outside
air conditioning device and energy consumption of the
air conditioning device. The learning unit performs the
learning by using the reward.
[0008] According to the first aspect of the present dis-
closure, an air-conditioning system that optimizes the op-
erating capacity of the outside air conditioning device and
the air conditioning device can be provided.
[0009] A second aspect of the present disclosure is the
air-conditioning system described in the first aspect. The
outside air conditioning device includes a first fan con-
figured to take the outside air and supply the supply air
to the target space and an outside air conditioner heat
exchanger configured to exchange heat between the out-
side air taken by the first fan and the heating medium,
and the operating capacity of the outside air conditioning
device includes a target value of a temperature of the
supply air, a target value of an air volume of the first fan,
a target value of a temperature of the heating medium
flowing through the outside air conditioner heat exchang-
er, and a target value of an evaporation temperature or
enthalpy of the heating medium in the outside air condi-
tioner heat exchanger.
[0010] A third aspect of the present disclosure is the
air-conditioning system described in the second aspect.
Each of the multiple indoor units of the air conditioning
device includes a second fan that takes the inside air and
supplies the inside air to the target space, and an air
conditioning heat exchanger configured to exchange
heat between the inside air taken by the second fan and
the refrigerant, and the operating capacity of the air con-
ditioning device includes a target value of an evaporation
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temperature in the air conditioning device.
[0011] A fourth aspect of the present disclosure is the
air-conditioning system described in the third aspect. The
condition of the outside air includes a temperature of the
outside air or a humidity of the outside air, and the con-
dition of the inside air includes a temperature of the inside
air or a humidity of the inside air. The operation condition
of the outside air conditioning device includes any of in-
formation indicating that the outside air conditioning de-
vice is operating or stopped, information indicating that
the outside air conditioning device is in a cooling mode
or a heating mode, the air volume of the first fan of the
outside air conditioning device, a flow rate of the heating
medium, the temperature of the heating medium, a pres-
sure of the heating medium, and a setting value of the
temperature of the supply air, and the operation condition
of the air conditioning device includes any of information
indicating that the air conditioning device is operating or
stopped, information indicating that the air conditioning
device is in a cooling mode or a heating mode, an air
volume of the second fan of the air conditioning device,
a flow rate of the refrigerant, a temperature of the refrig-
erant, a pressure of the refrigerant, and a setting value
of the evaporation temperature in the air conditioning de-
vice.
[0012] A fifth aspect of the present disclosure is the
air-conditioning system described in the first aspect. The
energy consumption of the outside air conditioning de-
vice includes respective energy consumption of a chiller
unit, the heating medium adjuster, and the outside air
conditioning unit included in the outside air conditioning
device. The energy consumption of the air conditioning
device includes respective energy consumption of the
plurality of indoor units and the refrigerant adjuster.
[0013] A sixth aspect of the present disclosure is the
air-conditioning system described in the fifth aspect. The
energy consumption includes any of power consumption,
carbon dioxide emissions, and energy cost.
[0014] A seventh aspect of the present disclosure is
the air-conditioning system described in the first aspect.
The learning unit performs the learning in a period deter-
mined in accordance with a time duration until the total
of the energy consumption changes after at least either
the operating capacity of the outside air conditioner or
the operating capacity of the air conditioner has changed.
[0015] A machine learning apparatus according to an
eighth aspect of the present disclosure performs learning
with respect to at least either operating capacity of an
outside air conditioning device or operating capacity of
an air conditioning device in an air-conditioning system
including the outside air conditioning device that includes
an outside air conditioning unit and a heating medium
adjuster, and that performs air conditioning of a target
space by taking outside air and supplying the outside air
as supply air from the outside air conditioning unit, the
heating medium adjuster adjusting a state of a heating
medium flowing through the outside air conditioning unit,
and the air conditioning device that includes a plurality

of indoor units and a refrigerant adjuster, and that per-
forms air conditioning of the target space by supplying,
to the target space, inside air that is cooled or heated by
each of the plurality of indoor units, the refrigerant ad-
juster adjusting a state of refrigerant flowing through each
of the plurality of indoor units, and the inside air being air
in the target space. The machine learning apparatus in-
cludes a state variable acquiring unit configured to ac-
quire state variables including a condition of the outside
air, a condition of the inside air, an operation condition
of the outside air conditioning device, an operation con-
dition of the air conditioning device, and a temperature
or humidity set for the target space, a learning unit con-
figured to perform the learning by associating the state
variables with at least either the operating capacity of the
outside air conditioning device or the operating capacity
of the air conditioning device, and a reward calculating
unit configured to calculate a reward that correlates with
a total of energy consumption of the outside air condi-
tioning device and energy consumption of the air condi-
tioning device. The learning unit performs the learning
by using the reward.
[0016] According to the eighth aspect of the present
disclosure, a machine learning apparatus that optimizes
the operating capacity of the outside air conditioner and
the operating capacity of the air conditioner can be pro-
vided.
[0017] A machine learning method according to a ninth
aspect of the present disclosure performs learning with
respect to at least either operating capacity of an outside
air conditioning device or operating capacity of an air
conditioning device in an air-conditioning system includ-
ing the outside air conditioning device that includes an
outside air conditioning unit and a heating medium ad-
juster, and that performs air conditioning of a target space
by taking outside air and supplying the outside air as
supply air from the outside air conditioning unit, the heat-
ing medium adjuster adjusting a state of a heating me-
dium flowing through the outside air conditioning unit,
and the air conditioning device that includes a plurality
of indoor units and a refrigerant adjuster, and that per-
forms air conditioning of the target space by supplying,
to the target space, inside air that is cooled or heated by
each of the plurality of indoor units, the refrigerant ad-
juster adjusting a state of refrigerant flowing through each
of the plurality of indoor units, and the inside air being air
in the target space. The machine learning method in-
cludes a state variable acquiring step of acquiring state
variables including a condition of the outside air, a con-
dition of the inside air, an operation condition of the out-
side air conditioning device, an operation condition of the
air conditioning device, and a temperature or humidity
set for the target space, a learning step of performing the
learning by associating the state variables with at least
either the operating capacity of the outside air condition-
ing device or the operating capacity of the air conditioning
device, and a reward calculating step of calculating a
reward that correlates with a total of energy consumption
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of the outside air conditioning device and energy con-
sumption of the air conditioning device. The learning step
performs the learning by using the reward.
[0018] According to the ninth aspect of the present dis-
closure, a machine learning method that optimizes the
operating capacity of the outside air conditioning device
and the operating capacity of the air conditioning device
can be provided.

Brief Description of the Drawings

[0019]

FIG. 1 is a diagram illustrating an example of a sys-
tem configuration of an air-conditioning system;
FIG. 2 is a diagram illustrating an example of a con-
figuration of an outside air conditioner;
FIG. 3 is a diagram illustrating an example of an in-
stallation of an air supply duct and an indoor unit in
a target space;
FIG. 4 is a diagram illustrating an example of a con-
figuration of an air conditioner;
FIG. 5 is a diagram illustrating a machine learning
apparatus and respective units connected to the ma-
chine learning apparatus;
FIG. 6 is a diagram illustrating an example of a hard-
ware configuration of the machine learning appara-
tus;
FIG. 7 is a diagram illustrating an example of a func-
tional configuration of the machine learning appara-
tus;
FIG. 8 is a diagram illustrating examples of a state
variable stored in a state variable storage unit; and
FIG. 9 is a flowchart illustrating a flow of a reinforce-
ment learning process performed by the machine
learning apparatus.

Embodiment for Carrying Out the Invention

[0020] In the following, each embodiment will be de-
scribed with reference to the accompanying drawings. In
the present specification and the drawings, components
having substantially the same functional configuration
are referenced by the same reference numeral and de-
scription is omitted.

[First embodiment]

<System configuration of an air-conditioning system>

[0021] First, a system configuration of an air-condition-
ing system according to a first embodiment will be de-
scribed.
[0022] FIG. 1 is a diagram illustrating an example of
the system configuration of the air-conditioning system.
An air-conditioning system 100 is a system that achieves
air conditioning in a target space SP included in a con-
struction, such as a house, a building, a factory, a public

facility, or the like. In the first embodiment, the air-condi-
tioning system 100 is applied to a building BL that in-
cludes multiple target spaces SP (SP1, SP2, and SP3) .
[0023] As illustrated in FIG. 1, the air-conditioning sys-
tem 100 includes:

• an outside air conditioner 10 (an air handling unit
and a chiller unit), which is an example of an "outside
air conditioning device"

• an air conditioner 50 (an indoor unit and an outdoor
unit), which is an example of an "air conditioning de-
vice"

• a remote controller 80
• a machine learning apparatus 90

[0024] The air-conditioning system 100 performs air
conditioning such as cooling, heating, ventilation, dehu-
midification, and humidification in the target space SP by
the outside air conditioner 10 taking outside air and sup-
plying conditioned outside air to the target space SP. The
outside air is air outside the target space SP, and is out-
door air in the first embodiment.
[0025] Additionally, the air-conditioning system 100
performs air conditioning such as cooling, heating, de-
humidification, and the like in the target space SP by the
air conditioner 50 taking inside air and supplying condi-
tioned inside air to the target space SP. The inside air is
air inside the target space SP.
[0026] In the air-conditioning system 100, the air con-
ditioning of the outside air conditioner 10 and the air con-
ditioner 50 is controlled in accordance with commands
input to the remote controller 80. Specifically, in the air-
conditioning system 100, the machine learning appara-
tus 90 sets the operating capacity of the outside air con-
ditioner 10 and the operating capacity of the air condi-
tioner 50 (at least either the outside air conditioner 10 or
the air conditioner 50, but here, both of the outside air
conditioner 10 and the air conditioner 50, which will be
described in detail below) in accordance with the com-
mands input to the remote controller 80 and load condi-
tions at that time. The outside air conditioner 10 and the
air conditioner 50 operate to achieve the operating ca-
pacities set by the machine learning apparatus 90. Here,
the commands herein include commands related to start
or stop, an operation type, the set temperature, the set
humidity, the set air volume, and the like. The load con-
ditions include the temperature of the outside air and the
humidity of the outside air, which are conditions of the
outside air, and the temperature of the inside air and the
humidity of the inside air, which are conditions of the in-
side air, and the like.

<Detailed description of the outside air conditioner>

[0027] Next, the outside air conditioner 10 will be de-
scribed in detail with reference to FIG. 2 and FIG. 3. FIG.
2 is a diagram illustrating a configuration example of the
outside air conditioner. FIG. 3 is a diagram illustrating an
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installation example of an air supply duct and an indoor
unit in the target space.

(1) Description of the entire outside air conditioner

[0028] First, the entire outside air conditioner 10 will
be described. Generally, in the outside air conditioner,
there are two types of methods of exchanging heat be-
tween the outside air and the heating medium, namely,
a method in which the heating medium does not change
between phases (a central method) and a method in
which the heating medium vaporizes or condenses
(changes between phases). The outside air conditioner
10 illustrated in FIG. 2 and other drawings, may use any
method. Here, the outside air conditioner 10 is formed
using a central method, and mainly includes a chiller unit
20, an air handling unit 30, an air supply duct 45, and an
outside air conditioner control unit 49. The outside air
conditioner 10 takes outside air OA at the air handling
unit 30 during operation, cools or heats, or dehumidifies
or humidifies the outside air OA, and supplies the outside
air OA to the target space SP as supply air SA through
the air supply duct 45.
[0029] In the outside air conditioner 10, a heating me-
dium circuit C1 and an outside air conditioner refrigerant
circuit C2 are configured independently of each other.
[0030] The heating medium circuit C1 is a circuit in
which a heating medium (here, water (cooling water))
that exchanges heat with the outside air OA circulates.
The heating medium circuit C1 is configured to be over
the chiller unit 20 and the air handling unit 30. The heating
medium circuit C1 mainly includes an outside air heat
exchanger 33 disposed in the air handling unit 30, a heat-
ing medium heat exchanger 22 disposed in the chiller
unit 20, and a heating medium pump Pa that are con-
nected through first piping P1. During operation of the
outside air conditioner 10, in the heating medium circuit
C1, the heating medium pump Pa is controlled to be in
an operation state, so that the heating medium flows in
a predetermined direction (a direction indicated by the
dot-dash line arrow d1 in FIG. 2). The flow rate of the
heating medium in the heating medium circuit C1 is main-
ly adjusted by the number of rotations of the heating me-
dium pump Pa.
[0031] The outside air conditioner refrigerant circuit C2
is a circuit in which the refrigerant serving as a cooling
source or heating source of the heating medium within
the heating medium circuit C1 circulates. The outside air
conditioner refrigerant circuit C2 is configured within the
chiller unit 20. The outside air conditioner refrigerant cir-
cuit C2 mainly includes a refrigerant compressor 21, a
heating medium heat exchanger 22, a refrigerant expan-
sion valve 23, a refrigerant heat exchanger 24, and a flow
path switching valve 25, disposed in the chiller unit 20,
that are connected through second piping P2. During op-
eration of the outside air conditioner 10, in the outside
air conditioner refrigerant circuit C2, the refrigerant com-
pressor 21 is controlled in an operation state and the

opening of the refrigerant expansion valve 23 is control-
led. This allows the refrigerant to flow in a predetermined
direction (a direction indicated by the dot-dash line arrow
d2 in FIG. 2 during a normal cycle operation and a direc-
tion opposite to the direction indicated by d2 in a reverse
cycle operation) in the outside air conditioner refrigerant
circuit C2.

(2) Details of the chiller unit

[0032] Next, the chiller unit 20 constituting the outside
air conditioner 10 will be described in detail. The chiller
unit 20 performs a refrigerant cycle in the outside air con-
ditioner refrigerant circuit C2 to cool or heat the heating
medium in the heating medium circuit C1. The chiller unit
20 mainly includes the refrigerant compressor 21, the
heating medium heat exchanger 22, the refrigerant ex-
pansion valve 23, the refrigerant heat exchanger 24, the
flow path switching valve 25, a chiller fan 26, and the
heating medium pump Pa.
[0033] The refrigerant compressor 21 is a device that
compresses low-pressure refrigerant to be high pressure
in a refrigerant cycle. Here, as the refrigerant compressor
21, a compressor having a sealed structure in which a
compressor motor is incorporated is employed. In the
refrigerant compressor 21, for example, a scroll-type and
positive-displacement-type compressor element is ac-
commodated and is rotatably driven by a compressor
motor. The compressor motor is controlled by an inverter
at an operating frequency, thereby performing capacity
control of the refrigerant compressor 21. That is, the re-
frigerant compressor 21 is variable in capacity.
[0034] The heating medium heat exchanger 22 is a
heat exchanger that exchanges heat between the heat-
ing medium in the heating medium circuit C1 and the low
pressure refrigerant in the outside air conditioner refrig-
erant circuit C2 to cool the heating medium. In the heating
medium heat exchanger 22, a heating medium flow path
communicating with the heating medium circuit C1 and
a refrigerant flow path communicating with the outside
air conditioner refrigerant circuit C2 are formed, and the
heating medium heat exchanger 22 is configured to ex-
change heat between the heating medium in the heating
medium flow path and the refrigerant in the refrigerant
flow path. The heating medium heat exchanger 22 func-
tions as an evaporator of the low pressure refrigerant in
the positive cycle operation (a cooling operation or de-
humidification operation) and as a condenser or a radi-
ator of the high pressure refrigerant in reverse cycle op-
eration (a heating operation).
[0035] The refrigerant expansion valve 23 is a valve
that functions as a decompression means or flow control
means of the refrigerant. In the first embodiment, the re-
frigerant expansion valve 23 is an electric expansion
valve that can control the opening.
[0036] The refrigerant heat exchanger 24 is a heat ex-
changer that exchanges heat between the refrigerant in
the outside air conditioner refrigerant circuit C2 and pass-
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ing air. The refrigerant heat exchanger 24 includes a heat
transfer tube communicating with the outside air condi-
tioner refrigerant circuit C2 and heat transfer fins. In the
refrigerant heat exchanger 24, heat is exchanged be-
tween air passing around the heat transfer tube and the
heat transfer fins (an air flow generated by the chiller fan
26) and refrigerant passing through the heat transfer
tube. The refrigerant heat exchanger 24 functions as a
condenser or a radiator of the high pressure refrigerant
in the positive cycle operation and functions as an evap-
orator of the low pressure refrigerant in the reverse cycle
operation.
[0037] The flow path switching valve 25 switches the
flow of the outside air conditioner refrigerant circuit C2.
The flow path switching valve 25 has four connecting
ports and the four connecting ports are respectively con-
nected to a suction pipe and a discharge pipe of the re-
frigerant compressor 21, the refrigerant flow path of the
heating medium heat exchanger 22 on the gas side, and
the refrigerant heat exchanger 24 on the gas side.
[0038] Specifically, the flow path switching valve 25
can switch between a first state and a second state. The
first state is a state in which the refrigerant flow path of
the heating medium heat exchanger 22 on the gas side
communicates with the suction pipe of the refrigerant
compressor 21 and the discharge pipe of the refrigerant
compressor 21 communicates with the refrigerant heat
exchanger 24 on the gas side (see solid line of the flow
path switching valve 25 in FIG. 2). The second state is a
state in which the discharge pipe of the refrigerant com-
pressor 21 communicates with the refrigerant flow path
of the heating medium heat exchanger 22 on the gas
side and the refrigerant heat exchanger 24 on the gas
side communicates with the suction pipe of the refrigerant
compressor 21 (see the dotted line of the flow path
switching valve 25 in FIG. 2). The flow path switching
valve 25 is controlled to be in the first state in the positive
cycle operation (the cooling operation or the dehumidifi-
cation operation) and is controlled to be in the second
state in the reverse cycle operation (the heating opera-
tion).
[0039] The chiller fan 26 is a fan producing an air flow
that enters the chiller unit 20, passes through the refrig-
erant heat exchanger 24, and flows out of the chiller unit
20. The air flow produced by the chiller fan 26 is the cool-
ing source of the refrigerant in the refrigerant heat ex-
changer 24 during the positive cycle operation and the
heating source of the refrigerant in the refrigerant heat
exchanger 24 during the reverse cycle operation. The
chiller fan 26 includes a fan motor, and the fan motor is
controlled by inverter control to adjust the number of ro-
tations. That is, the chiller fan 26 is variable in the air
volume.
[0040] The heating medium pump Pa (a heating me-
dium adjuster) is disposed in the heating medium circuit
C1. During the operation of the outside air conditioner
10, the heating medium pump Pa applies suction to the
heating medium and discharges the heating medium.

The heating medium pump Pa includes a motor that is a
driving source, and the number of rotations is adjusted
by inverter control of the motor. That is, the heating me-
dium pump Pa is variable in the discharge flow rate.

(3) Details of the air handling unit (the air conditioning 
unit)

[0041] Next, the air handling unit 30 constituting the
outside air conditioner 10 will be described in detail. The
air handling unit 30 cools, dehumidifies, heats, and/or
humidifies the outside air OA. The air handling unit 30
mainly includes the outside air heat exchanger 33, a hu-
midifier 35, and an air supply fan 38.
[0042] The outside air heat exchanger 33 (the outside
air conditioner heat exchanger) is a heat exchanger that
functions as a cooler of the outside air OA. The outside
air heat exchanger 33 is disposed in the heating medium
circuit C1. The outside air heat exchanger 33 includes a
heat transfer tube and heat transfer fins communicating
with the heating medium circuit C1. In the outside air heat
exchanger 33, heat is exchanged between the outside
air OA, passing around the heat transfer tube and the
heat transfer fins, and the heat transfer medium passing
through the heat transfer tube.
[0043] The humidifier 35 is a device that humidifies the
outside air OA that has passed through the outside air
heat exchanger 33. The method or model of the humid-
ifier 35 is not particularly limited, but a typical natural
evaporative humidifier is employed herein.
[0044] The air supply fan 38 (a first fan) is a fan that
takes the outside air OA into the air handling unit 30 and
supplies the outside air OA to the air supply duct 45.
Although the model of the air supply fan 38 is not partic-
ularly limited, in the first embodiment, a Sirocco fan is
employed as the air supply fan 38. Here, in the air han-
dling unit 30, an outside air flow path FP through which
the outside air OA flows is formed (refer to the dashed
line "FP" of FIG. 2), and when the air supply fan 38 is in
an operational state, the outside air OA flows along the
outside air flow path FP. The air supply fan 38 includes
a fan motor, and the number of rotations is adjusted by
inverter control of the motor. That is, the air supply fan
38 is variable in the air volume.
[0045] In the air handling unit 30, the outside air heat
exchanger 33, the humidifier 35, and the air supply fan
38 are arranged from the upwind side of the outside air
flow path FP to the downwind side of the outside air flow
path FP. The end of the outside air flow path FP on the
downwind side is connected to the air supply duct 45.
[0046] Additionally, various sensors are disposed in
the air handling unit 30. Various sensors disposed in the
air handling unit 30 include, for example, an outside air
temperature sensor 301 that detects the temperature of
the outside air OA sucked into the air handling unit 30,
and an outside air humidity sensor 302 that detects the
humidity. Additionally, for example, a supply air temper-
ature sensor 303 that detects the temperature of the sup-
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ply air SA (the supply air temperature) supplied to the air
supply duct 45 (that is, the target space SP) is included.

(4) Details of the air supply duct

[0047] Next, the air supply duct 45 constituting the out-
side air conditioner 10 will be described in detail. The air
supply duct 45 is a member that forms the flow path of
the outside air OA. One end of the air supply duct 45 is
connected to the air handling unit 30, so that the outside
air OA flows into the air supply duct 45 when the air supply
fan 38 is driven. The other end of the air supply duct 45
is branched to communicate with the target space SP at
each branch.
[0048] As illustrated in FIG. 3, the other end (for each
branch) of the air supply duct 45 is connected to an intake
hole H1 formed in a ceiling CL of the target space SP.

(5) Details of the outside air conditioner control unit

[0049] Next, the outside air conditioner control unit 49
constituting the outside air conditioner 10 will be de-
scribed. The outside air conditioner control unit 49 is a
function unit that controls the operation of respective
units included in the outside air conditioner 10. The out-
side air conditioner control unit 49 includes a CPU, a
memory, and various electrical components. The outside
air conditioner control unit 49 is connected to respective
devices included in the outside air conditioner 10 through
wiring. Additionally, the outside air conditioner control
unit 49 is electrically connected to the remote controller
80 and the machine learning apparatus 90 through a
communication line.
[0050] In the first embodiment, the outside air condi-
tioner control unit 49 includes respective microcomputers
and respective electrical components disposed in the
chiller unit 20 and the air handling unit 30, that are elec-
trically connected to each other.
[0051] The outside air conditioner control unit 49 sets
a target value of the air supply temperature (a target sup-
ply air temperature Tsa) in accordance with a set tem-
perature and a load condition (here, in the first embodi-
ment, the target value of the supply air temperature is
set by the machine learning apparatus 90). The outside
air conditioner control unit 49 appropriately adjusts the
operations of respective units (for example, the capacity
of the refrigerant compressor 21, the opening of the re-
frigerant expansion valve 23, the number of rotations of
the heating medium pump Pa, start or stop of the humid-
ifier 35, the number of rotations of the air supply fan 38,
and the like) based on the target supply air temperature
Tsa. This appropriately changes the operating capacity
of the outside air conditioner 10.
[0052] The "operating capacity" of the outside air con-
ditioner 10 here mainly refers to the cooling (dehumidifi-
cation) capacity and the heating capacity. Specifically,
the operating capacity of the outside air conditioner 10
is directly determined based on the condition of the heat-

ing medium flowing through the outside air conditioner
heat exchanger (the flow rate, the temperature, the pres-
sure, the enthalpy, and the like) and/or the air flow rate
of the first fan, and is indirectly determined based on a
predetermined target value (for example, a target value
of the supply air temperature and the like).
[0053] When cooling is performed by supplying the out-
side air OA without latent heat treatment or sensible heat
treatment (i.e., when an outside air cooling operation is
performed), the outside air conditioner control unit 49
pauses or stops the operations of respective units of the
chiller unit 20.
[0054] (6) Flow of the heating medium, the refrigerant,
the cooling water, and the air during the operation of the
outside air conditioner
[0055] Next, a flow of the heating medium, the refrig-
erant, the cooling water, and the air during the operation
of the outside air conditioner 10 will be described. During
the operation of the outside air conditioner 10, typically
the heating medium pump Pa is driven and the heating
medium circulates in the heating medium circuit C1. Ad-
ditionally, the refrigerant compressor 21 is driven and the
refrigerant circulates in the outside air conditioner refrig-
erant circuit C2.
[0056] During the operation of the outside air condi-
tioner 10, in the heating medium circuit C1, the heating
medium is cooled or heated by the heating medium heat
exchanger 22 exchanging heat with the refrigerant flow-
ing through the outside air conditioner refrigerant circuit
C2. Specifically, the heating medium is cooled in the pos-
itive cycle operation, and the heating medium is heated
in the reverse cycle operation. The heating medium
cooled or heated in the heating medium heat exchanger
22 flows into the outside air heat exchanger 33 and is
heated or cooled by exchanging heat with the outside air
OA taken in the air handling unit 30. Specifically, the heat-
ing medium is heated in the positive cycle operation and
cooled in the reverse cycle operation. The heating me-
dium passing through the outside air heat exchanger 33
flows into the heating medium heat exchanger 22 again.
[0057] During the operation of the outside air condi-
tioner 10, in the outside air conditioner refrigerant circuit
C2, the refrigerant is compressed by the refrigerant com-
pressor 21 and discharged as the high pressure refrig-
erant. The high pressure refrigerant discharged from the
refrigerant compressor 21 is condensed or radiated by
the refrigerant heat exchanger 24 exchanging heat with
the air flow produced by the chiller fan 26 during the pos-
itive cycle operation. Additionally, the high pressure re-
frigerant discharged from the refrigerant compressor 21
is condensed or radiated by the heating medium heat
exchanger 22 exchanging heat with the heating medium
in the heating medium circuit C1 during the reverse cycle
operation. The refrigerant condensed or radiated at one
heat exchanger among the refrigerant heat exchanger
24 and the heating medium heat exchanger 22 is depres-
surized at the refrigerant expansion valve 23 to become
a low pressure refrigerant, and then is flowed into the
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other heat exchanger and evaporated or heated by ex-
changing heat with the heating medium or the air flow.
Subsequently, the refrigerant is sucked into the refriger-
ant compressor 21.
[0058] In the outside air heat exchanger 33, heat is
exchanged between the outside air OA and the heating
medium. Specifically, the outside air OA is cooled (or
dehumidified) during the cooling operation and the out-
side air OA is heated during the heating operation. The
outside air OA passing through the outside air heat ex-
changer 33 is supplied to the air supply duct 45 (the target
space SP). When the humidifier 35 is in operation, air
heated by exchanging heat with the heating medium in
the outside air heat exchanger 33 is humidified by the
humidifier 35 and then is supplied to the air supply duct
45.

<Details of the air conditioner>

[0059] Next, the air conditioner 50 (the air conditioning
device) will be described in detail with reference to FIG.
4. FIG. 4 is a diagram illustrating a configuration example
of the air conditioner.

(1) Description of the entire air conditioner

[0060] First, the entire air conditioner 50 will be de-
scribed. The air conditioner 50 includes a refrigerant cir-
cuit RC, and by circulating the refrigerant in the refrigerant
circuit RC to perform a refrigeration cycle of a vapor com-
pression method, air conditioning in the target space SP,
such as cooling, dehumidification, or heating is achieved.
The air conditioner 50 has multiple operation modes and
performs an operation in accordance with the operation
mode. Specifically, the air conditioner 50 has a cooling
mode for cooling, a dehumidification mode for dehumid-
ification, a heating mode for heating, and the like, and is
operated in accordance with respective operation
modes.
[0061] The air conditioner 50 mainly includes one out-
door unit 60 that functions as a heat source unit, multiple
indoor units 70 (here, three units) that function as utiliza-
tion units, and an air conditioner control unit 79. In the
air conditioner 50, the outdoor unit 60 and the respective
indoor units 70 are connected through a liquid-side re-
frigerant connection pipe LP1 and a gas-side refrigerant
connection pipe GP1 to form the refrigerant circuit RC.
The refrigerant enclosed in the refrigerant circuit RC is
not particularly limited, but an HFC refrigerant such as
R32 or R410A is enclosed in the refrigerant circuit RC.

(2) Details of the outdoor unit

[0062] Next, the outdoor unit 60 (a refrigerant adjuster)
constituting the air conditioner 50 will be described in
detail. The outdoor unit 60 is disposed outside of the tar-
get space SP. In the first embodiment, the outdoor unit
60 is disposed outdoors.

[0063] The outdoor unit 60 is connected to the indoor
unit 70 through the liquid-side refrigerant connection pipe
LP1 and the gas-side refrigerant connection pipe GP1,
and forms a portion of the refrigerant circuit RC. The out-
door unit 60 mainly includes a compressor 61, a four-
way switching valve 62, an outdoor heat exchanger 63,
and an outdoor fan 68.
[0064] Additionally, the outdoor unit 60 includes multi-
ple refrigerant pipes RP (a first refrigerant pipe RP1 to a
fifth refrigerant pipe RP5). The first refrigerant pipe RP1
connects the gas-side refrigerant connection pipe GP1
to the four-way switching valve 62. The second refriger-
ant pipe RP2 connects the four-way switching valve 62
to the compressor 61 on the suction side. The third re-
frigerant pipe RP3 connects the compressor 61 on the
discharge side to the four-way switching valve 62. The
fourth refrigerant pipe RP4 connects the four-way switch-
ing valve 62 to a gas side inlet/outlet of the outdoor heat
exchanger 63. The fifth refrigerant pipe RP5 connects a
liquid-side inlet/outlet of the outdoor heat exchanger 63
to the liquid-side refrigerant connection pipe LP1.
[0065] The compressor 61 is a device that compresses
the low pressure refrigerant in the refrigeration cycle to
be a high pressure. Here, as the compressor 61, a com-
pressor having a sealed structure in which a compressor
motor M61 is incorporated is employed. A positive dis-
placement compressor element (which is not illustrated)
such as a rotary type or a scroll type is accommodated
in the compressor 61, and the compressor motor M61
rotationally drives the compressor element. The opera-
tion frequency of the compressor motor M61 is controlled
by an inverter, and this controls the capacity of the com-
pressor 61. That is, the compressor 61 is variable in the
capacity.
[0066] The four-way switching valve 62 is a flow path
switching means that switches a flow direction of the re-
frigerant in the refrigerant circuit RC. Each state of the
four-way switching valve 62 is controlled depending on
a situation. The four-way switching valve 62 connects
the first refrigerant pipe RP1 to the second refrigerant
pipe RP2 and connects the third refrigerant pipe RP3 to
the fourth refrigerant pipe RP4 during the positive cycle
operation (the cooling operation or dehumidification op-
eration). This controls the four-way switching valve 62 to
be in a first state (refer to the solid line in the four-way
switching valve 62 in FIG. 4). Additionally, the four-way
switching valve 62 connects the first refrigerant pipe RP1
to the third refrigerant pipe RP3 and connects the second
refrigerant pipe RP2 to the fourth refrigerant pipe RP4
during the reverse cycle operation (the heating opera-
tion). This controls the four-way switching valve 62 to be
in a second state (see the dashed line in the four-way
switching valve 62 in FIG. 4).
[0067] The outdoor heat exchanger 63 is a heat ex-
changer that exchanges heat between a passing air flow
(an outside air flow generated by the outdoor fan 68) and
the refrigerant. The outdoor heat exchanger 63 functions
as a condenser or a radiator of the refrigerant during the
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positive cycle operation. The outdoor heat exchanger 63
functions as an evaporator of the refrigerant during the
reverse cycle operation.
[0068] The outdoor fan 68 is a fan that produces the
outside air flow. The outside air flow is a flow of the outside
air OA that flows into the outdoor unit 60, that passes
through the outdoor heat exchanger 63, and that flows
out of the outdoor unit 60. The outside air flow is a cooling
source of the refrigerant in the outdoor heat exchanger
63 during the positive cycle operation and a heating
source of the refrigerant in the outdoor heat exchanger
63 during the reverse cycle operation. The outdoor fan
68 includes a fan motor, and the number of rotations is
adjusted by inverter control of the fan motor. That is, the
outdoor fan 68 is variable in the air volume.
[0069] Additionally, various sensors are disposed in
the outdoor unit 60. Examples of the various sensors
disposed in the outdoor unit 60 include a suction pressure
sensor that detects the pressure of the refrigerant sucked
into the compressor 61, a discharge pressure sensor that
detects the pressure of the refrigerant discharged from
the compressor 61 (which are not illustrated), and the like.

(3) Details of the indoor unit

[0070] Next, the indoor units 70 constituting the air con-
ditioner 50 will be described in detail. The indoor units
70 are disposed in the target space SP. In the first em-
bodiment, the indoor unit 70 corresponds to any one of
the target spaces SP and is installed in each of the target
spaces SP. In the first embodiment, each of the indoor
units 70 is a ceiling embedded air conditioning indoor
unit installed in the ceiling CL of the target space SP (see,
for example, FIG. 3). Each of the indoor units 70 is in-
stalled such that the inlet/outlet are exposed from the
ceiling CL in the target space SP.
[0071] As illustrated in FIG. 4, the indoor unit 70 is con-
nected to the outdoor unit 60 through the liquid-side re-
frigerant connection pipe LP1 and the gas-side refriger-
ant connection pipe GP1 and forms a portion of the re-
frigerant circuit RC. In the first embodiment, three indoor
units 70 are connected to one outdoor unit 60. Each of
the indoor units 70 is arranged in parallel with one an-
other.
[0072] Each of the indoor units 70 includes an expan-
sion valve 71 and an indoor heat exchanger 72. Addi-
tionally, each of the indoor units 70 includes a sixth re-
frigerant pipe RP6 connecting a liquid-side inlet/outlet of
the indoor heat exchanger 72 to the liquid-side refrigerant
connection pipe LP1, and a seventh refrigerant pipe RP7
connecting a gas-side inlet/outlet of the indoor heat ex-
changer 72 to the gas-side refrigerant connection pipe
GP1.
[0073] The expansion valve 71 is a valve that functions
as a decompression or flow control means for the refrig-
erant. In the first embodiment, the expansion valve 71 is
an electric expansion valve configured to control the
opening degree and is disposed in the sixth refrigerant

pipe RP6 (more specifically, between the indoor heat ex-
changer 72 and the liquid-side refrigerant connection
pipe LP1).
[0074] The indoor heat exchanger 72 (the air condi-
tioning heat exchanger) is a heat exchanger that ex-
changes heat between a passing air flow (an inside air
flow produced by the indoor fan 75) and the refrigerant.
The indoor heat exchanger 72 functions as an evaporator
of the refrigerant during the positive cycle operation. The
outdoor heat exchanger 63 functions as a condenser or
a radiator of the refrigerant during the reverse cycle op-
eration.
[0075] The indoor fan 75 (a second fan) is a fan that
produces the inside air flow. The inside air flow is a flow
of inside air IA that flows into the indoor unit 70, that
passes through the indoor heat exchanger 72, and that
flows out of the indoor unit 70 (see FIG. 3). The inside
air flow is a heating source of the refrigerant in the indoor
heat exchanger 72 during the positive cycle operation
and a cooling source of the refrigerant in the indoor heat
exchanger 72 during the reverse cycle operation. The
indoor fan 75 includes a fan motor, and the number of
rotations is adjusted by inverter control of the fan motor.
That is, the indoor fan 75 is variable in the air volume.
[0076] Additionally, various sensors are disposed in
the indoor unit 70. Examples of various sensors disposed
in the indoor unit 70 include an indoor temperature sensor
701 that detects the temperature of the inside air flow
(the inside air IA) that is sucked into the indoor unit 70,
and an indoor humidity sensor 702 that detects the hu-
midity. The examples also include a carbon dioxide con-
centration sensor 703 that detects the carbon dioxide
concentration, and a refrigerant temperature sensor 704
that detects the temperature of the refrigerant in the in-
door heat exchanger 72. The refrigerant temperature
sensor 704 is disposed in the indoor heat exchanger 72
and detects the evaporation temperature of the refriger-
ant during the positive cycle operation.

(4) Details of the air conditioner control unit

[0077] Next, the air conditioner control unit 79 consti-
tuting the air conditioner 50 will be described in detail.
The air conditioner control unit 79 is a function unit that
controls operations of respective units included in the air
conditioner 50. The air conditioner control unit 79 in-
cludes a CPU, a memory, various electrical components,
and the like. The air conditioner control unit 79 is con-
nected to respective devices included in the air condi-
tioner 50 through wiring. Additionally, the air conditioner
control unit 79 is electrically connected to various sensors
disposed in the indoor unit 70. Further, the air conditioner
control unit 79 is communicatively connected to the re-
mote controller 80 installed in the common target spaces
SP. The air conditioner control unit 79 is electrically con-
nected to the remote controller 80 and the machine learn-
ing apparatus 90 through a communication line.
[0078] In the first embodiment, the air conditioner con-
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trol unit 79 is configured by respective microcomputers
and respective electrical components disposed in the
outdoor unit 60 and each of the indoor units 70 being
electrically connected to one another.
[0079] The air conditioner control unit 79 sets a target
value of the evaporation temperature (the target evapo-
ration temperature Te) for each of the indoor units 70 in
accordance with the set temperature and the load con-
ditions (here, in the first embodiment, a target value of
the evaporation temperature is set by the machine learn-
ing apparatus 90). The air conditioner control unit 79 ap-
propriately adjusts the capacity of the compressor 61,
the air volume of the outdoor fan 68, and the like, based
on the target evaporation temperature Te. This changes
the operating capacity of the air conditioner 50.
[0080] Here, the "operating capacity" of the air condi-
tioner 50 herein refers mainly to the cooling (dehumidifi-
cation) capacity and the heating capacity. Specifically,
the operating capacity of the air conditioner 50 is deter-
mined directly based on a state of the refrigerant flowing
through the air conditioning heat exchanger (the flow
rate, the temperature, the pressure, the enthalpy, and
the like), the air flow rate of the second fan, and/or the
like and indirectly based on a predetermined target value
(e.g., a target value of the evaporation temperature of
the refrigerant and the like).

(5) Flow of the refrigerant in the refrigerant circuit

[0081] Next, a flow of the refrigerant in the refrigerant
circuit during the operation of the air conditioner 50 will
be described separately for the positive cycle operation
and the reverse cycle operation.

(5-1) During the positive cycle operation

[0082] In the air conditioner 50, the four-way switching
valve 62 is controlled to be in the first state during the
positive cycle operation (the cooling operation or the de-
humidification operation). This causes the refrigerant
filled in the refrigerant circuit RC to mainly circulate in the
order of the compressor 61, the outdoor heat exchanger
63, the expansion valve 71 of the indoor unit 70 in oper-
ation, and the indoor heat exchanger 72 of the indoor
unit 70 in operation (the refrigerant circulates in the pos-
itive cycle) .
[0083] When the positive cycle operation starts, the
capacity control is performed in accordance with the cool-
ing load (specifically, the target evaporation temperature
Te) required by each of the indoor units 70. Specifically,
in the refrigerant circuit RC, the refrigerant is sucked into
the compressor 61 and is discharged after compression.
The number of rotations of the compressor 61 is adjusted
appropriately. The gas refrigerant discharged from the
compressor 61 flows into the gas side inlet/outlet of the
outdoor heat exchanger 63 through the third refrigerant
pipe RP3, the four-way switching valve 62, and the fourth
refrigerant pipe RP4.

[0084] The gas refrigerant flowing into the gas side in-
let/outlet of the outdoor heat exchanger 63 radiates heat
and condenses by exchanging heat with the outside air
OA supplied by the outdoor fan 68, becomes liquid re-
frigerant in the supercooled state, and flows out from the
liquid side inlet/outlet of the outdoor heat exchanger 63.
The liquid refrigerant flowing out from the liquid side in-
let/outlet of the outdoor heat exchanger 63 flows into the
indoor unit 70 in operation through the fifth refrigerant
pipe RP5 and the liquid-side refrigerant connection pipe
LP1.
[0085] The refrigerant flowing into the indoor unit 70
flows in the sixth refrigerant pipe RP6, flows into the ex-
pansion valve 71, is depressurized, and then flows into
the liquid side inlet/outlet of the indoor heat exchanger
72. Here, the opening degree of the expansion valve 71
is adjusted appropriately. The refrigerant flowing into the
liquid side inlet/outlet of the indoor heat exchanger 72
evaporates by exchanging heat with the inside air IA sup-
plied by the indoor fan 75, becomes gas refrigerant in
the superheated state, and flows out from the gas side
inlet/outlet of the indoor heat exchanger 72.
[0086] The gas refrigerant flowing out from the gas side
inlet/outlet of the indoor heat exchanger 72 passes
through the seventh refrigerant pipe RP7, the gas-side
refrigerant connection pipe GP1, the first refrigerant pipe
RP1, the four-way switching valve 62, and the second
refrigerant pipe RP2, and is then sucked into the com-
pressor 61 again.

(5-2) During the reverse cycle operation

[0087] In the air conditioner 50, the four-way switching
valve 62 is controlled to be in the second state during the
reverse cycle operation (the heating operation). This
causes the refrigerant filled in the refrigerant circuit RC
to mainly circulate in the order of the compressor 61, the
indoor heat exchanger 72 of the indoor unit 70 in opera-
tion, the expansion valve 71 of the indoor unit 70 in op-
eration, and the outdoor heat exchanger 63 (the refrig-
erant circulates in the reverse cycle).
[0088] When the reverse cycle operation starts, the ca-
pacity control is performed in accordance with the heating
load required by each of the indoor units 70. Specifically,
in the refrigerant circuit RC, the refrigerant is sucked into
the compressor 61 and is discharged after compression.
Here, the number of rotations of the compressor 61 is
appropriately adjusted. The gas refrigerant discharged
from the compressor 61 flows into the indoor unit 70 in
operation through the second refrigerant pipe RP2, the
four-way switching valve 62, and the first refrigerant pipe
RP1, flows through the seventh refrigerant pipe RP7, and
flows into the gas side inlet/outlet of the indoor heat ex-
changer 72.
[0089] The gas refrigerant flowing into the gas side in-
let/outlet of the indoor heat exchanger 72 radiates heat
and condenses by exchanging heat with the inside air IA
supplied by the indoor fan 75, becomes a liquid refriger-
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ant in the supercooled state, and flows out from the liquid
side inlet/outlet of the indoor heat exchanger 72. The
liquid refrigerant flowing out from the inlet/outlet of the
indoor heat exchanger 72 flows into the expansion valve
71 through the fifth refrigerant pipe RP5, is depressu-
rized, and then flows out from the indoor unit 70. Here,
the opening degree of the expansion valve 71 is appro-
priately adjusted.
[0090] The refrigerant flowing out from the indoor unit
70 flows into the outdoor unit 60 through the liquid-side
refrigerant connection pipe LP1. The refrigerant flowing
into the outdoor unit 60 flows into the liquid side inlet/out-
let of the outdoor heat exchanger 63 through the fifth
refrigerant pipe RP5. The refrigerant flowing into the out-
door heat exchanger 63 evaporates by exchanging heat
with the outside air OA supplied by the outdoor fan 68,
becomes the gas refrigerant in the superheated state,
and flows out from the gas side inlet/outlet of the outdoor
heat exchanger 63. The refrigerant flowing out from the
outdoor heat exchanger 63 flows through the fourth re-
frigerant pipe RP4, the four-way switching valve 62, and
the second refrigerant pipe RP2, and is sucked into the
compressor 61 again.

<Details of the remote controller>

[0091] Next, the remote controller 80 will be described
in detail. The remote controller 80 is an input device used
by a user that inputs various commands individually
switch start or stop, the operation type, the set temper-
ature, the set humidity, and the set air volume of the out-
side air conditioner 10 and the air conditioner 50. Addi-
tionally, the remote controller 80 functions as a display
device that displays predetermined information (for ex-
ample, the input various commands, the temperature and
humidity of the inside air IA, the temperature and humidity
of the outside air OA, and the like).

<Details of the machine learning apparatus>

[0092] Next, the machine learning apparatus 90 will be
described in detail.

(1) Description of an outline of the machine learning ap-
paratus

[0093] First, an outline of the machine learning appa-
ratus 90 will be described. FIG. 5 is a diagram illustrating
the machine learning apparatus and the respective units
connected to the machine learning apparatus. The ma-
chine learning apparatus 90 is a function unit that controls
the overall operation of the air-conditioning system 100.
The machine learning apparatus 90 is electrically con-
nected to the outside air conditioner control unit 49 and
the air conditioner control unit 79, for mutually transmit-
ting and receiving signals.
[0094] The machine learning apparatus 90 controls the
operating capacity of the outside air conditioner 10 and

the operating capacity of the air conditioner 50 by trans-
mitting a predetermined signal (for example, a control
signal that sets the target supply air temperature Tsa or
the target evaporation temperature Te) to the outside air
conditioner control unit 49 and the air conditioner control
unit 79. Additionally, the machine learning apparatus 90
receives predetermined signals transmitted from the out-
side air conditioner control unit 49 and the air conditioner
control unit 79, and acquires the state variables of the
outside air conditioner 10 and the air conditioner 50. Fur-
ther, the machine learning apparatus 90 acquires infor-
mation specifying the energy consumption of the outside
air conditioner 10 and the air conditioner 50.

(2) Hardware configuration of the machine learning ap-
paratus

[0095] Next, a hardware configuration of the machine
learning apparatus 90 will be described. FIG. 6 is a dia-
gram illustrating an example of the hardware configura-
tion of the machine learning apparatus. As illustrated in
FIG. 6, the machine learning apparatus 90 includes a
central processing unit (CPU) 601, a read only memory
(ROM) 602, and a random access memory (RAM) 603.
The CPU 601, the ROM 602, and the RAM 603 form what
is called a computer. The machine learning apparatus
90 also includes an auxiliary storage device 604, a dis-
play device 605, an operating device 606, and an inter-
face (I/F) device 607. Respective hardware components
of the machine learning apparatus 90 are interconnected
through a bus 608.
[0096] The CPU 601 is an arithmetic device that exe-
cutes various programs installed in the auxiliary storage
device 604 (for example, a machine learning program
described later). The ROM 602 is a non-volatile memory.
The ROM 602 functions as a main storage device and
stores various programs and data necessary for the CPU
601 to execute various programs installed in the auxiliary
storage device 604. Specifically, the ROM 602 stores a
boot program such as a basic input/output system (BIOS)
or an extensible firmware interface (EFI).
[0097] The RAM 603 is a volatile memory such as a
dynamic random access memory (DRAM) or a static ran-
dom access memory (SRAM). The RAM 603 functions
as a main storage device and provides a workspace in
which various programs are deployed when various pro-
grams installed in the auxiliary storage device 604 are
executed by the CPU 601.
[0098] The auxiliary storage device 604 stores various
programs and information used when various programs
are executed.
[0099] The display device 605 is a display device that
displays an internal state of the machine learning appa-
ratus 90. The operating device 606 is, for example, an
operating device for an administrator of the machine
learning apparatus 90 to perform various operations on
the machine learning apparatus 90. The I/F device 607
is a connection device that connects to the outside air
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conditioner control unit 49 and the air conditioner control
unit 79, and transmits and receives signals, to and from
the outside air conditioner control unit 49 and the air con-
ditioner control unit 79.

(3) Functional configuration of the machine learning ap-
paratus

[0100] Next, a functional configuration of the machine
learning apparatus 90 will be described. FIG. 7 is a dia-
gram illustrating an example of the functional configura-
tion of the machine learning apparatus. As described
above, the machine learning program is installed in the
machine learning apparatus 90, and when the program
is executed, the machine learning apparatus 90 functions
as an energy consumption acquiring unit 710, a reward
calculating unit 720, a state variable acquiring unit 730,
and a reinforcement learning unit 740.
[0101] The energy consumption acquiring unit 710 ac-
quires information specifying the energy consumption of
the outside air conditioner 10 and the energy consump-
tion of the air conditioner 50. Here, the information spec-
ifying the energy consumption includes the power con-
sumption of the outside air conditioner 10 and the air
conditioner 50. Additionally, the information specifying
the energy consumption may include a coefficient of per-
formance (COP). Further, the information specifying the
energy consumption may include CO2 emissions (carbon
dioxide emissions), and energy cost (electricity and gas
expense), and the like.
[0102] Further, the information specifying the energy
consumption of the outside air conditioner 10 acquired
by the energy consumption acquiring unit 710 includes
the following.

• information specifying the energy consumption of
the chiller unit 20 included in the outside air condi-
tioner 10

• information specifying the energy consumption of
the air handling unit 30 included in the outside air
conditioner 10

• information specifying the energy consumption of
the heating medium pump Pa included in the outside
air conditioner 10

[0103] Additionally, the information specifying the en-
ergy consumption of the air conditioner 50 acquired by
the energy consumption acquiring unit 710 includes the
following.

• information specifying the energy consumption of
the outdoor unit 60 included in the air conditioner 50

• information specifying the energy consumption of
the indoor units 70 included in the air conditioner 50

[0104] The energy consumption acquiring unit 710
adds the acquired information specifying the energy con-
sumption of the outside air conditioner 10 and acquired

information specifying the energy consumption of the air
conditioner 50, and notifies the reward calculating unit
720 of a total value.
[0105] The reward calculating unit 720 calculates a re-
ward that correlates with the total value notified by the
energy consumption acquiring unit 710 and notifies the
reinforcement learning unit 740 of the reward.
[0106] The state variable acquiring unit 730 acquires
the state variables from the outside air conditioner 10
and the air conditioner 50. The state variables acquired
by the state variable acquiring unit 730 include operation
condition information, load information, and operation
setting value information.
[0107] The operation condition information is informa-
tion indicating a condition of the outside air and a condi-
tion of the inside air when the air-conditioning system
100 operates. Specifically, the state variable acquiring
unit 730 acquires the following.

• the outside air temperature or the outside air humid-
ity as the information indicating the condition of the
outside air

• the inside air temperature or the inside air humidity
as information indicating the condition of the inside
air

[0108] The load information is information indicating
an operation state of the outside air conditioner 10 and
an operation state of the air conditioner 50. Specifically,
the state variable acquiring unit 730 acquires the follow-
ing as the information indicating the operation state of
the outside air conditioner 10.

• information indicating that the outside air conditioner
10 is operating or stopped

• information indicating that the outside air conditioner
10 is in the cooling or heating mode

• the air volume of the first fan of the outside air con-
ditioner 10

• the flow rate of the heating medium of the outside
air conditioner 10

• the temperature of the heating medium of the outside
air conditioner 10

• the pressure of the heating medium of the outside
air conditioner 10

• a setting value of the supply air temperature of the
outside air conditioner 10

[0109] The state variable acquiring unit 730 acquires
the following as the information indicating the operation
state of the air conditioner 50.

• information indicating that the air conditioner 50 is
operating or stopped

• information indicating that the air conditioner 50 is in
the cooling or heating mode

• the air volume of the second fan of the air conditioner
50
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• the flow rate of the heating medium of the air condi-
tioner 50

• the temperature of the heating medium of the air con-
ditioner 50

• the pressure of the heating medium of the air condi-
tioner 50

• a setting value of the evaporation temperature of the
air conditioner 50

[0110] The operation setting value information is infor-
mation indicating a setting value set when operating the
air-conditioning system 100. Specifically, the state vari-
able acquiring unit 730 acquires the following as the op-
eration setting value information.

• the set indoor temperature
• the set indoor humidity

[0111] The state variable acquiring unit 730 stores
these state variables acquired from the outside air con-
ditioner 10 and the air conditioner 50 in a state variable
storage unit 750 in association with time information.
[0112] The reinforcement learning unit 740 is an ex-
ample of a learning unit and includes a load coordination
control model 741, and modifies model parameters of
the load coordination control model 741 to maximize the
reward notified by the reward calculating unit 720. With
this modification, the reinforcement learning unit 740 per-
forms reinforcement learning on the load coordination
control model 741 that associates the state variables with
at least either the operating capacity of the outside air
conditioner 10 or the operating capacity of the air condi-
tioner 50. As described, the reinforcement learning unit
740 performs the reinforcement learning on the load co-
ordination control model 741 so as to reduce a total value
obtained by adding the information specifying the energy
consumption of the outside air conditioner 10 and the
information specifying the energy consumption of the air
conditioner 50. This allows the load coordination control
model 741 to output at least either the operating capacity
of the outside air conditioner 10 or the operating capacity
of the air conditioner 50.
[0113] Here, the description "at least either the oper-
ating capacity of the outside air conditioner 10 or the op-
erating capacity of the air conditioner 50" includes the
following cases.

• a case in which the outside air conditioner 10 and
the air conditioner 50 are respectively controlled us-
ing the operating capacity of the outside air condi-
tioner 10 and the operating capacity of the air con-
ditioner 50 that are output from the load coordination
control model 741

• a case in which the outside air conditioner 10 is con-
trolled using the operating capacity of the outside air
conditioner 10 that is output from the load coordina-
tion control model 741, and the air conditioner 50 is
controlled using the operating capacity derived from

the operating capacity of the outside air conditioner
10 by the reinforcement learning unit 740 based on
a predetermined combination

• a case in which the air conditioner 50 is controlled
using the operating capacity of the air conditioner 50
that is output from the load coordination control mod-
el 741, and the outside air conditioner 10 is controlled
using the operating capacity derived from the oper-
ating capacity of the air conditioner 50 by the rein-
forcement learning unit 740 based on a predeter-
mined combination

[0114] Here, the operating capacity of the outside air
conditioner 10 includes the following.

• the target value of the supply air temperature of the
outside air conditioner 10

• the target value of the air volume of the outside air
conditioner 10

• the target value of the temperature of the heating
medium of the outside air conditioner 10

• the target value of the evaporation temperature of
the outside air conditioner 10

• the target value of the enthalpy of the outside air
conditioner 10

[0115] The operating capacity of the air conditioner 50
includes the following.

• the target value of the evaporation temperature of
the air conditioner

[0116] Here, it is assumed that the reward calculating
unit 720 calculates the reward in accordance with a learn-
ing period of the reinforcement learning unit 740. Specif-
ically, the reward calculating unit 720 calculates the re-
ward based on the total value of the energy consumption
that is calculated from the previous reinforcement learn-
ing to the present reinforcement learning. However, it is
assumed that the learning period of the reinforcement
learning unit 740 is, for example, a period determined in
accordance with a time duration required until the total
value of energy consumption changes after the operating
capacity of the outside air conditioner 10 or the operating
capacity of the air conditioner 50 has changed.
[0117] Additionally, when executing the load coordina-
tion control model 741, the reinforcement learning unit
740 reads the state variables during a time duration from
the previous reinforcement learning to the present rein-
forcement learning, calculates an average value of the
read state variables, and then inputs them into the load
coordination control model 741.
[0118] The operating capacity output when the load
coordination control model 741 is executed (in a case in
which only one operating capacity is output, the output
operating capacity and the operating capacity derived
based on the output operating capacity) is transmitted to
a transmission destination by the reinforcement learning
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unit 740. Specifically, the operating capacity of the out-
side air conditioner 10 is transmitted to the outside air
conditioner control unit 49 by the reinforcement learning
unit 740, and the operating capacity of the air conditioner
50 is transmitted to the air conditioner control unit 79 by
the reinforcement learning unit 740. This causes the out-
side air conditioner 10 to operate to achieve the trans-
mitted operating capacity, and the air conditioner 50 to
operate to achieve the transmitted operating capacity.

(4) Details of the state variable

[0119] Next, the state variables stored in the state var-
iable storage unit 750 will be described in detail. FIG. 8
is a diagram illustrating examples of the state variables
stored in the state variable storage unit. As illustrated in
FIG. 8, the state variables stored in the state variable
storage unit 750 include "time", "operation condition in-
formation", "load information," and "operation setting val-
ue information" as items of information. Additionally, the
information acquired by the state variable acquiring unit
730 is stored in "operation condition information", "load
information", and "operation setting value information",
for each item.
[0120] Here, the examples illustrated in FIG. 8 indicate
a case in which the learning period is 15 minutes to 30
minutes, and an average value is calculated every 15
minutes to 30 minutes for each information included in
"operation condition information", "load information", and
"operation setting value information".

(5) Flow of the reinforcement learning process

[0121] Next, a flow of a reinforcement learning process
performed by the machine learning apparatus 90 will be
described. FIG. 9 is a flow chart illustrating the flow of
the reinforcement learning process performed by the ma-
chine learning apparatus.
[0122] In step S901, the state variable acquiring unit
730 acquires the state variables from the outside air con-
ditioner 10 and the air conditioner 50.
[0123] In step S902, the energy consumption acquiring
unit 710 adds the acquired information specifying the en-
ergy consumption of the outside air conditioner 10 and
the acquired information specifying the energy consump-
tion of the air conditioner 50 to calculate a total value.
[0124] In step S903, the reinforcement learning unit
740 determines whether a predetermined learning period
has elapsed. If it is determined in step S903 that the pre-
determined learning period has not elapsed (NO in step
S903), the process returns to step S901.
[0125] If it is determined in step S903 that the prede-
termined learning period has elapsed (YES in step S903),
the process proceeds to step S904.
[0126] In step S904, the reward calculating unit 720
calculates the reward based on the total value accumu-
lated during the predetermined learning period.
[0127] In step S905, the reward calculating unit 720

determines whether the calculated reward is greater than
or equal to a predetermined threshold value. If it is de-
termined in step S905 not to exceed the predetermined
threshold value (NO in step S905), the process proceeds
to step S906.
[0128] In step S906, the reinforcement learning unit
740 performs the reinforcement learning on the load co-
ordination control model 741 so as to maximize the cal-
culated reward.
[0129] In step S907, the reinforcement learning unit
740 executes the load coordination control model 741 by
inputting the current state variable into the load coordi-
nation control model 741. This causes the load coordi-
nation control model 741 to output at least either the op-
erating capacity of the outside air conditioner 10 or the
operating capacity of the air conditioner 50. Here, in the
reinforcement learning unit 740, if only one of the oper-
ating capacities is output by the load coordination control
model 741, the other operating capacity is derived based
on a predetermined combination.
[0130] In step S908, the reinforcement learning unit
740 transmits the operating capacity of the outside air
conditioner 10 to the outside air conditioner control unit
49 and the output operating capacity of the air conditioner
50 to the air conditioner control unit 79. Subsequently,
the process returns to step S901.
[0131] In step S905, if there is determination of being
greater than or equal to the predetermined threshold val-
ue (YES in step S905), the reinforcement learning proc-
ess is terminated.

[Summary]

[0132] As can be seen from the above description, the
air-conditioning system according to the first embodi-
ment includes:

• an outside air conditioner that includes an air han-
dling unit and a heating medium pump that adjusts
a state of a heating medium flowing through the air
handling unit, and that performs air conditioning of
a target space by taking outside air and supplying
the outside air as supply air from the air handling unit;

• an air conditioner that includes multiple indoor units
and an outdoor unit that adjusts a state of refrigerant
flowing through the indoor unit, and that performs air
conditioning of the target space by the indoor unit
cooling or heating inside air that is air in the target
space and supplying the inside air to the target
space; and

• a machine learning apparatus that perform learning
with respect to at least either an operating capacity
of the outside air conditioner or an operating capacity
of the air conditioner.

[0133] Additionally, the machine learning apparatus
according to the first embodiment is configured to:
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• acquire state variables including a condition of the
outside air, a condition of the inside air, an operation
condition of the outside air conditioner, an operation
condition of the air conditioner, and a set tempera-
ture or set humidity of the target space;

• perform learning by associating the state variables
with at least either the operating capacity of the out-
side air conditioner or the operating capacity of the
air conditioner;

• calculate a reward that correlates with a total of en-
ergy consumption of the outside air conditioner and
energy consumption of the air conditioner; and

• use the calculated reward when performing the
learning by associating the state variables with at
least either the operating capacity of the outside air
conditioner and the operating capacity of the air con-
ditioner.

[0134] As described, according to the first embodi-
ment, a load coordination control model is constructed
by using actually measured data after installation of the
air-conditioning system, so that a highly accurate model
reflecting the characteristics of the installed device can
be constructed. Additionally, according to the first em-
bodiment, because the load coordination control model
is automatically constructed by reinforcement learning,
the workload after installation for starting the air-condi-
tioning system can be reduced. Further, according to the
first embodiment, the total value of the energy consump-
tion of the outside air conditioner and the air conditioner
can be reduced by setting the operating capacity of the
outside air conditioner and the operating capacity of the
air conditioner by using the constructed load coordination
control model.
[0135] That is, according to the first embodiment, an
air-conditioning system, a machine learning apparatus,
and a machine learning method that optimize the oper-
ating capacity of the outside air conditioner and the op-
erating capacity of the air conditioner can be provided.

[Other embodiments]

[0136] In the above-described first embodiment, a
chiller type, in which the heating medium circuit C1 and
the outside air conditioner refrigerant circuit C2 are con-
figured independently of each other as the outside air
conditioner 10, is described as an example. However,
the outside air conditioner 10 is not limited to a chiller
type, and may not include the heating medium circuit C1,
and may be of a direct expansion type in which the outside
air conditioner refrigerant circuit C2 is connected to the
outside air heat exchanger 33.
[0137] In the above-described first embodiment, the
description assumes that if only one of the operating ca-
pacities is output by the load coordination control model
741, the reinforcement learning unit 740 derives the other
operating capacity based on a predetermined combina-
tion. However, the reinforcement learning unit 740 may

be configured to transmit only one operating capacity out-
put by the load coordination control model 741. Specifi-
cally, if the operating capacity of the outside air condi-
tioner 10 is output by the load coordination control model
741, the operating capacity may be used to control the
outside air conditioner 10, and the air conditioner 50 may
be changed in accordance with situation. Alternatively,
if the operating capacity of the air conditioner 50 is output
by the load coordination control model 741, the operating
capacity may be used to control the air conditioner 50,
and the outside air conditioner 10 may be changed in
accordance with situation.
[0138] In the above-described first embodiment, the
model (the load coordination control model) to be used
when performing machine learning is not particularly de-
scribed in detail, but any type of model may be applied
to the model used when performing machine learning.
Specifically, any type of model, such as a neural network
(NN) model, a random forest model, or a support vector
machine (SVM) model, is applied.
[0139] In the first embodiment, a method used when
modifying the model parameters is not particularly de-
scribed in detail, but a method of modifying the model
parameters is determined based on the model type.
[0140] Although the embodiments have been de-
scribed above, it will be understood that various modifi-
cations of form and description can be made without de-
parting from the spirit and scope of the claims.
[0141] This application is based upon and claims pri-
ority to Japanese Patent Application No. 2019-086786,
filed April 26, 2019, and Japanese Patent Application No.
2020-073804, filed April 17, 2020, the entire contents of
which are incorporated herein by reference.

Description of the Reference Numerals

[0142]

100: air-conditioning system
10: outside air conditioner
20: chiller unit
30: air handling unit
45: air supply duct
49: outside air conditioner control unit
50: air conditioner
60: outdoor unit
70: indoor unit
79: air conditioner control unit
80: remote controller
90: machine learning apparatus
710: energy consumption acquiring unit
720: reward calculating unit
730: state variable acquiring unit
740: reinforcement learning unit
741: load coordination control model

27 28 



EP 3 961 115 A1

17

5

10

15

20

25

30

35

40

45

50

55

Claims

1. An air-conditioning system including

an outside air conditioning device that includes
an outside air conditioning unit and a heating
medium adjuster, and that performs air condi-
tioning of a target space by taking outside air
and supplying the outside air as supply air from
the outside air conditioning unit, the heating me-
dium adjuster adjusting a state of a heating me-
dium flowing through the outside air conditioning
unit,
an air conditioning device that includes a plural-
ity of indoor units and a refrigerant adjuster, and
that performs air conditioning of the target space
by supplying, to the target space, inside air that
is cooled or heated by each of the plurality of
indoor units, the refrigerant adjuster adjusting a
state of refrigerant flowing through each of the
plurality of indoor units, and the inside air being
air in the target space, and
a machine learning apparatus that performs
learning with respect to at least either an oper-
ating capacity of the outside air conditioning de-
vice or an operating capacity of the air condi-
tioning device, the air-conditioning system com-
prising:

a state variable acquiring unit configured to
acquire state variables including a condition
of the outside air, a condition of the inside
air, an operation condition of the outside air
conditioning device, an operation condition
of the air conditioning device, and a temper-
ature or humidity set for the target space;
a learning unit configured to perform the
learning by associating the state variables
with at least either the operating capacity of
the outside air conditioning device or the op-
erating capacity of the air conditioning de-
vice; and
a reward calculating unit configured to cal-
culate a reward that correlates with a total
of energy consumption of the outside air
conditioning device and energy consump-
tion of the air conditioning device,
wherein the learning unit performs the
learning by using the reward.

2. The air-conditioning system as claimed in claim 1,

wherein the outside air conditioning device in-
cludes a first fan configured to take the outside
air and supply the supply air to the target space
and an outside air conditioner heat exchanger
configured to exchange heat between the out-
side air taken by the first fan and the heating

medium, and
wherein the operating capacity of the outside air
conditioning device includes a target value of a
temperature of the supply air, a target value of
an air volume of the first fan, a target value of a
temperature of the heating medium flowing
through the outside air conditioner heat ex-
changer, and a target value of an evaporation
temperature or enthalpy of the heating medium
in the outside air conditioner heat exchanger.

3. The air-conditioning system as claimed in claim 2,

wherein each of the plurality of indoor units of
the air conditioning device includes a second
fan that takes the inside air and supplies the in-
side air to the target space, and an air condition-
ing heat exchanger configured to exchange heat
between the inside air taken by the second fan
and the refrigerant, and
wherein the operating capacity of the air condi-
tioning device includes a target value of an evap-
oration temperature in the air conditioning de-
vice.

4. The air-conditioning system as claimed in claim 3,

wherein the condition of the outside air includes
a temperature of the outside air or a humidity of
the outside air,
wherein the condition of the inside air includes
a temperature of the inside air or a humidity of
the inside air,
wherein the operation condition of the outside
air conditioning device includes any of informa-
tion indicating that the outside air conditioning
device is operating or stopped, information indi-
cating that the outside air conditioning device is
in a cooling mode or a heating mode, the air
volume of the first fan of the outside air condi-
tioning device, a flow rate of the heating medium,
the temperature of the heating medium, a pres-
sure of the heating medium, and a setting value
of the temperature of the supply air, and
wherein the operation condition of the air con-
ditioning device includes any of information in-
dicating that the air conditioning device is oper-
ating or stopped, information indicating that the
air conditioning device is in a cooling mode or a
heating mode, an air volume of the second fan
of the air conditioning device, a flow rate of the
refrigerant, a temperature of the refrigerant, a
pressure of the refrigerant, and a setting value
of the evaporation temperature in the air condi-
tioning device.

5. The air-conditioning system as claimed in claim 1,

29 30 



EP 3 961 115 A1

18

5

10

15

20

25

30

35

40

45

50

55

wherein the energy consumption of the outside
air conditioning device includes respective en-
ergy consumption of a chiller unit, the heating
medium adjuster, and the outside air condition-
ing unit included in the outside air conditioning
device, and
wherein the energy consumption of the air con-
ditioning device includes respective energy con-
sumption of the plurality of indoor units and the
refrigerant adjuster.

6. The air-conditioning system as claimed in claim 5,
wherein the energy consumption includes any of
power consumption, carbon dioxide emissions, and
energy cost.

7. The air-conditioning system as claimed in claim 1,
wherein the learning unit performs the learning in a
period determined in accordance with a time duration
until the total of the energy consumption changes
after at least either the operating capacity of the out-
side air conditioning device or the operating capacity
of the air conditioning device has changed.

8. A machine learning apparatus that performs learning
with respect to at least either operating capacity of
an outside air conditioning device or operating ca-
pacity of an air conditioning device in an air-condi-
tioning system including

the outside air conditioning device that includes
an outside air conditioning unit and a heating
medium adjuster, and that performs air condi-
tioning of a target space by taking outside air
and supplying the outside air as supply air from
the outside air conditioning unit, the heating me-
dium adjuster adjusting a state of a heating me-
dium flowing through the outside air conditioning
unit, and
the air conditioning device that includes a plu-
rality of indoor units and a refrigerant adjuster,
and that performs air conditioning of the target
space by supplying, to the target space, inside
air that is cooled or heated by each of the plu-
rality of indoor units, the refrigerant adjuster ad-
justing a state of refrigerant flowing through each
of the plurality of indoor units, and the inside air
being air in the target space,
the machine learning apparatus comprising:

a state variable acquiring unit configured to
acquire state variables including a condition
of the outside air, a condition of the inside
air, an operation condition of the outside air
conditioning device, an operation condition
of the air conditioning device, and a temper-
ature or humidity set for the target space;
a learning unit configured to perform the

learning by associating the state variables
with at least either the operating capacity of
the outside air conditioning device or the op-
erating capacity of the air conditioning de-
vice; and
a reward calculating unit configured to cal-
culate a reward that correlates with a total
of energy consumption of the outside air
conditioning device and energy consump-
tion of the air conditioning device,
wherein the learning unit performs the
learning by using the reward.

9. A machine learning method that performs learning
with respect to at least either operating capacity of
an outside air conditioning device or operating ca-
pacity of an air conditioning device in an air-condi-
tioning system including

the outside air conditioning device that includes
an outside air conditioning unit and a heating
medium adjuster, and that performs air condi-
tioning of a target space by taking outside air
and supplying the outside air as supply air from
the outside air conditioning unit, the heating me-
dium adjuster adjusting a state of a heating me-
dium flowing through the outside air conditioning
unit, and
the air conditioning device that includes a plu-
rality of indoor units and a refrigerant adjuster,
and that performs air conditioning of the target
space by supplying, to the target space, inside
air that is cooled or heated by each of the plu-
rality of indoor units, the refrigerant adjuster ad-
justing a state of refrigerant flowing through each
of the plurality of indoor units, and the inside air
being air in the target space,
the machine learning method comprising:

a state variable acquiring step of acquiring
state variables including a condition of the
outside air, a condition of the inside air, an
operation condition of the outside air condi-
tioning device, an operation condition of the
air conditioning device, and a temperature
or humidity set for the target space;
a learning step of performing the learning
by associating the state variables with at
least either the operating capacity of the out-
side air conditioning device or the operating
capacity of the air conditioning device; and
a reward calculating step of calculating a
reward that correlates with a total of energy
consumption of the outside air conditioning
device and energy consumption of the air
conditioning device,
wherein the learning step performs the
learning by using the reward.

31 32 



EP 3 961 115 A1

19



EP 3 961 115 A1

20



EP 3 961 115 A1

21



EP 3 961 115 A1

22



EP 3 961 115 A1

23



EP 3 961 115 A1

24



EP 3 961 115 A1

25



EP 3 961 115 A1

26



EP 3 961 115 A1

27



EP 3 961 115 A1

28

5

10

15

20

25

30

35

40

45

50

55



EP 3 961 115 A1

29

5

10

15

20

25

30

35

40

45

50

55



EP 3 961 115 A1

30

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2018173264 A [0004]
• JP 2019086786 A [0141]

• JP 2020073804 A [0141]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

