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(54) AIR CONDITIONING DEVICE, AND LEARNING DEVICE OF AIR CONDITIONING DEVICE

(57) An indoor unit (20a, 20b) includes a controller
(6a, 6b), an indoor heat exchanger (3a, 3b), an electronic
expansion valve (4a, 4b), an intake thermistor (7a, 7b)
that detects a drawn-in air temperature, and a discharge
thermistor (8a, 8b) that detects a discharged air temper-
ature, and performs a thermo-OFF operation when a tem-
perature detected by the discharge thermistor (8a, 8b)
reaches a reference value. An air conditioning device

includes a first inference device (32) to infer, from a factor,
whether any of a plurality of indoor units (20a, 20b) per-
forms a thermo-OFF operation during a future period of
time, the factor including a set temperature, temperatures
detected by a plurality of intake thermistors (7a, 7b), and
temperatures detected by a plurality of discharge ther-
mistors (8a, 8b) during a past period of time.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an air conditioning device and a learning device of an air conditioning device.

BACKGROUND ART

[0002] An air conditioning device is known which includes multiple indoor units and allows each indoor unit to perform
a thermo-OFF operation.
[0003] For example, the air conditioning device disclosed in PTL 1 has a refrigerant circuit in which multiple indoor
units individually having an indoor heat exchanger and an indoor expansion valve and an outdoor unit having an outdoor
expansion valve are connected by a liquid refrigerant communication tube and a gas refrigerant communication tube.
The indoor units perform the thermo-OFF operations independent of each other.

CITATION LIST

PATENT LITERATURE

[0004] PTL 1: Japanese Patent Laying-Open No. 2020-169809

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0005] In the air conditioning device disclosed in PTL 1, it is determined, for each indoor unit, whether the indoor unit
performs the thermo-OFF operation. Since each indoor unit performs the thermo-OFF operation autonomously, if a
certain indoor unit performs the thermo-OFF operation, the outdoor apparatus needs to reduce the circulation volume
of the refrigerant for that indoor unit in order to keep the high pressure and the low pressure of the compressor within
an operating range. As a result, the circulation volume of the refrigerant of the entire air conditioning device rapidly
decreases, ending up with perturbation of the temperature of the drawn-in air.
[0006] Therefore, an object of the present disclosure is to provide an air conditioning device which includes multiple
indoor units capable of a thermo-OFF operation and allows stabilized temperature of the drawn-in air, and a learning
device of an air conditioning device.

SOLUTION TO PROBLEM

[0007] The present disclosure is an air conditioning device which includes an indoor apparatus and an outdoor appa-
ratus. The outdoor apparatus includes a compressor and an outdoor heat exchanger. The indoor apparatus includes a
plurality of indoor units and a fan. Each indoor unit includes a controller, an indoor heat exchanger, an electronic expansion
valve, an intake thermistor for detecting a drawn-in air temperature, and a discharge thermistor for detecting a discharged
air temperature, and performs a thermo-OFF operation when the temperature detected by the discharge thermistor
reaches a reference value. The air conditioning device further includes a first inference device to infer whether any of
the plurality of indoor units performs a thermo-OFF operation during a future period of time, from a factor including a set
temperature, temperatures detected by the plurality of intake thermistors, and temperatures detected by the plurality of
discharge thermistors during a past period of time.
[0008] The present disclosure is a learning device of an air conditioning device which includes an indoor apparatus
and an outdoor apparatus. The outdoor apparatus includes a compressor and an outdoor heat exchanger. The indoor
apparatus includes a plurality of indoor units and a fan. Each indoor unit includes a controller, an indoor heat exchanger,
an electronic expansion valve, an intake thermistor that detects a drawn-in air temperature, and a discharge thermistor
that detects a discharged air temperature, and the indoor unit performs a thermo-OFF operation when the temperature
detected by the discharge thermistor reaches a reference value. The learning device of the air conditioning device
includes: a first data acquisition unit to obtain first learning data including (i) factor data including a set temperature,
temperatures detected by the plurality of intake thermistors, and temperatures detected by the plurality of discharge
thermistors during a first time period, and (ii) predictive data indicating whether any of the plurality of indoor units performs
a thermo-OFF operation during a second time period later in time than the first time period; and a first model generator
to generate, using the first learning data, a first learned model for outputting a prediction as to whether any of the plurality
of indoor units performs a thermo-OFF operation during a future period of time from a factor including a set temperature,
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temperatures detected by the plurality of intake thermistors, and temperatures detected by the plurality of discharge
thermistors during a past period of time.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] According to the present disclosure, the temperature of the drawn-in air can be stabilized in the air conditioning
device which includes multiple indoor units capable of the thermo-OFF operation.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a diagram depicting a configuration of an air conditioning device according to an embodiment.
Fig. 2 is a diagram depicting an example of a thermo-OFF operation when the air conditioning device is in a cooling
operation.
Fig. 3 is a diagram depicting an example of the thermo-OFF operation when the air conditioning device is in a heating
operation.
Fig. 4 is a diagram depicting a configuration of a learning device 11.
Fig. 5 is a diagram for illustrating a first learned model according to Embodiment 1.
Fig. 6 is a diagram for illustrating a second learned model according to Embodiment 1.
Fig. 7 is a diagram for illustrating an example of acquisition of first learning data when the air conditioning device is
in the cooling operation.
Fig. 8 is a diagram for illustrating an example of acquisition of the first learning data when the air conditioning device
is in the heating operation.
Fig. 9 is a diagram depicting a configuration of a neural network.
Fig. 10 is a flowchart depicting a first learning procedure performed by a first learning device 12.
Fig. 11 is a flowchart depicting a second learning procedure performed by a second learning device 13.
Fig. 12 is a diagram depicting a configuration of an inference device 31.
Fig. 13 is a flowchart depicting a first inferring procedure performed by a first inference device 32.
Fig. 14 is a flowchart depicting a second inferring procedure performed by a second inference device 33.
Fig. 15 is a diagram depicting an example of a first inference, a second inference, and an air-conditioning control
when the air conditioning device is in the cooling operation.
Fig. 16 is a diagram depicting an example of the first inference, the second inference, and the air-conditioning control
when the air conditioning device is in the heating operation.
Fig. 17 is a diagram for illustrating a first learned model according to Embodiment 2.
Fig. 18 is a diagram for illustrating a second learned model according to Embodiment 2.
Fig. 19 is a diagram for illustrating a first learned model according to Embodiment 3.
Fig. 20 is a diagram for illustrating a second learned model according to Embodiment 3.
Fig. 21 is a diagram depicting a hardware configuration of a learning device 11, an inference device 31, or a main
controller 51.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0011] Fig. 1 is a diagram depicting a configuration of an air conditioning device according to an embodiment.
[0012] An air conditioning device includes an outdoor apparatus 2, an indoor apparatus 1, a learning device 11, a
learned model storage device 21, an inference device 31, a data storage device 71, and a main controller 51.
[0013] The outdoor apparatus 2 includes a compressor 10 and an outdoor heat exchanger 9.
[0014] The indoor apparatus 1 includes a first indoor unit 20a, a second indoor unit 20b, and a fan 5.
[0015] The first indoor unit 20a includes a first controller 6a, a first indoor heat exchanger 3a, a first electronic expansion
valve 4a, a first intake thermistor 7a for detecting a drawn-in air temperature into the first indoor unit 20a, and a first
discharge thermistor 8a for detecting a discharged air temperature from the first indoor unit 20a. The first controller 6a
is connected to the first indoor heat exchanger 3a, the first electronic expansion valve 4a, the first intake thermistor 7a,
the first discharge thermistor 8a, and the fan 5.
[0016] The second indoor unit 20b includes a second controller 6b, a second indoor heat exchanger 3b, a second
electronic expansion valve 4b, a second intake thermistor 7b for detecting a drawn-in air temperature into the second
indoor unit 20b, and a second discharge thermistor 8b for detecting a discharged air temperature from the second indoor
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unit 20b. The second controller 6b is connected to the second indoor heat exchanger 3b, the second electronic expansion
valve 4b, the second intake thermistor 7b, the second discharge thermistor 8b, and the fan 5.
[0017] Fig. 1 shows a flow of a refrigerant when the air conditioning device is in a cooling operation.
[0018] As the temperature detected by the first discharge thermistor 8a reaches a reference value, the first indoor unit
20a performs a thermo-OFF operation. In the thermo-OFF operation, the first controller 6a, for example, sets the first
electronic expansion valve 4a fully closed and notifies the outdoor apparatus 2 that the operation of the first indoor unit
20a is switched to the thermo-OFF operation. The outdoor apparatus 2 lowers the upper limit for the frequency of the
compressor 10 and lowers the actual operation frequency of the compressor 10.
[0019] As the temperature detected by the second discharge thermistor 8b reaches a reference value, the second
indoor unit 20b performs a thermo-OFF operation. In the thermo-OFF operation, the second controller 6b, for example,
sets the second electronic expansion valve 4b fully closed, stops the fan 5, and notifies the outdoor apparatus 2 that
the operation of the second indoor unit 20b is switched to the thermo-OFF operation. The outdoor apparatus 2 lowers
the upper limit for the frequency of the compressor 10 and lowers the actual operation frequency of the compressor 10.
[0020] Fig. 2 is a diagram depicting an example of the thermo-OFF operation when the air conditioning device is in
the cooling operation.
[0021] In the cooling operation, the air conditioning device has excess capability for a load. This lowers a discharged
temperature discharged from the air conditioning device. As the discharged temperature reaches a lower reference
value limit TL, the first indoor unit 20a or the second indoor unit 20b performs the thermo-OFF operation. As a result,
the frequency of the compressor 10 is reduced as well in order to prevent a rapid decrease in low pressure. Subsequently,
the discharged temperature increases rapidly and hunt, after which it converges to a set temperature set by a remote
control.
[0022] Fig. 3 is a diagram depicting an example of the thermo-OFF operation when the air conditioning device is in a
heating operation.
[0023] In the heating operation, the air conditioning device has excess capability for a load. This increases a discharged
temperature discharged from the air conditioning device. As the discharged temperature reaches an upper reference
value limit TH, the first indoor unit 20a or the second indoor unit 20b performs the thermo-OFF operation. Subsequently,
the discharged temperature increases rapidly and hunt, after which it converges to the set temperature set by the remote
control.
[0024] The data storage device 71 stores data for each time t, the data representing the set temperature, the temper-
atures detected by the intake thermistors 7a and 7b, the temperatures detected by the discharge thermistors 8a and 8b,
and whether one of the indoor units 20a and 20b performs the thermo-OFF operation.
[0025] Fig. 4 is a diagram depicting a configuration of the learning device 11.
[0026] The learning device 11 includes a first learning device 12 and a second learning device 13. The learned model
storage device 21 includes a first learned model storage device 22 and a second learned model storage device 23.
[0027] The first learned model storage device 22 stores a first learned model.
[0028] Fig. 5 is a diagram for illustrating the first learned model according to Embodiment 1.
[0029] The first learned model according to Embodiment 1 is a model for outputting a prediction, made from a factor,
as to whether one of the indoor units 20a and 20b performs the thermo-OFF operation during a future period of time,
the factor including the set temperature, the temperatures detected by the intake thermistors 7a and 7b, and the tem-
peratures detected by the discharge thermistors 8a and 8b during a past period of time.
[0030] The second learned model storage device 23 stores a second learned model.
[0031] Fig. 6 is a diagram for illustrating the second learned model according to Embodiment 1.
[0032] The second learned model according to Embodiment 1 is a model for outputting an action from a state, the
action including a target degree of superheat, a target degree of supercooling, a set frequency of the compressor 10, a
target refrigerant evaporating temperature, and a target refrigerant condensing temperature, the state including the set
temperature, the temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the
discharge thermistors 8a and 8b.
[0033] The first learning device 12 includes a first data acquisition unit 14 and a first model generator 15.
[0034] Fig. 7 is a diagram for illustrating an example of acquisition of first learning data when the air conditioning device
is in the cooling operation. Fig. 8 is a diagram for illustrating an example of acquisition of the first learning data when
the air conditioning device is in the heating operation.
[0035] The first data acquisition unit 14 obtains the first learning data from the data storage device 71, the first learning
data including (i) factor data including the set temperature, the temperatures detected by the intake thermistors 7a and
7b, and the temperatures detected by the discharge thermistors 8a and 8b during a first time period (11 through t1 +
ΔTx) and (ii) predictive data as to whether one of the indoor units 20a and 20b performs the thermo-OFF operation
during a second time period (11 + ΔTx through t1 + ΔTy) later in time than the first time period. The first data acquisition
unit 14 obtains multiple first learning data items by varying t1.
[0036] Using the first learning data obtained by the first data acquisition unit 14, the first model generator 15 generates
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a first learned model for outputting a prediction, made from a factor, as to whether one of the indoor units 20a and 20b
performs the thermo-OFF operation during a future period of time, the factor including the set temperature, the temper-
atures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a
and 8b during a past period of time. The first model generator 15 stores the first learned model into the first learned
model storage device 22.
[0037] The first model generator 15 may use a well-known learning algorithm such as supervised learning, unsupervised
learning, or reinforcement learning. By way of example, description is now set forth where a neural network is applied
to learning algorithm.
[0038] Fig. 9 is a diagram depicting a configuration of the neural network.
[0039] For example, the first model generator 15 performs what is called supervised learning, in accordance with a
neural network model, thereby learning a prediction, made from a factor, as to whether one of the indoor units 20a and
20b performs the thermo-OFF operation during a future period of time, the factor including the set temperature, the
temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors
8a and 8b during a past period of time. Here, the supervised learning refers to an approach in which the first learning
device 12 is provided with a data set (the first learning data) of input and a result (label), and the first learning device 12
thereby learns features in the first learning data and infers a result from the input.
[0040] The neural network consists of an input layer which includes multiple neurons; an intermediate layer (a hidden
layer) which includes multiple neurons; and an output layer which includes multiple neurons. The intermediate layer may
be one layer, or two or more layers.
[0041] For example, if the neural network is a three-layer neural network, as multiple inputs are input to input layers
(X1 through X3), the values of the inputs are weighed by a weight W1 (w11 through w16) and then input to intermediate
layers (Y1 through Y2) where the results are weighed by a weight W2 (w21 through w26), and then output through output
layers (Z1 through Z3). The result of this output depends on the values of the weights W1 and W2.
[0042] The neural network generates a first learned model by what is called supervised learning, in accordance with
the first learning data obtained by the first data acquisition unit 14. From the set temperature, the temperatures detected
by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b during a
past period of time, the first learned model outputs a prediction as to whether one of the indoor units 20a and 20b
performs the thermo-OFF operation during a future period of time.
[0043] In other words, the neural network learns by: providing the input layers with the set temperature, the temperatures
detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b
during a past period of time; and adjusting the weights W1 and W2 so that results of outputs from the output layers
approach the prediction (a ground truth) as to whether one of the indoor units 20a and 20b performs the thermo-OFF
operation within a future period of time.
[0044] The first model generator 15 learns as described above, thereby generating and outputting a learned model to
the first learned model storage device 22.
[0045] Fig. 10 is a flowchart depicting a first learning procedure performed by the first learning device 12.
[0046] In step b 1, the first data acquisition unit 14 obtains the first learning data from the data storage device 71. The
first learning data includes (i) the factor data including the set temperature, the temperatures detected by the intake
thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b during the first time period
(11 through t1 + ΔTx), and (ii) the predictive data as to whether one of the indoor units 20a and 20b performs the thermo-
OFF operation during the second time period (11 + ΔTx through t1 + ΔTy) later in time than the first time period. The
first data acquisition unit 14 obtains multiple first learning data items by varying t1.
[0047] In step b2, using the first learning data obtained by the first data acquisition unit 14, the first model generator
15 generates the first learned model for outputting the prediction, made from a factor, as to whether one of the indoor
units 20a and 20b performs the thermo-OFF operation within a future period of time, the factor including the set tem-
perature, the temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge
thermistors 8a and 8b during a past period of time.
[0048] In step b3, the first model generator 15 stores the first learned model into the first learned model storage device
22.
[0049] The second learning device 13 includes a second data acquisition unit 16 and a second model generator 17.
[0050] The second data acquisition unit 16 obtains second learning data including a state and an action in the state,
the state including a set temperature, temperatures detected by the intake thermistors 7a and 7b, and temperatures
detected by the discharge thermistors 8a and 8b, the action including a target degree of superheat, a target degree of
supercooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature, and a target refrigerant
condensing temperature.
[0051] Using the second learning data obtained by the second data acquisition unit 16, the second model generator
17 generates a second learned model for outputting an action from a state, the action including a target degree of
superheat, a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant evaporating
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temperature, and a target refrigerant condensing temperature, the state including a set temperature, temperatures
detected by the intake thermistors 7a and 7b, and temperatures detected by the discharge thermistors 8a and 8b. The
second model generator 17 stores the second learned model into the second learned model storage device 23.
[0052] The second model generator 17 may use a well-known learning algorithm such as reinforcement learning. By
way of example, description is now set forth where the neural network is applied to reinforcement learning. In the
reinforcement learning, an agent (actor) within a certain environment observes the current state (parameters of the
environment) and determines an action to be taken. The action by the agent dynamically changes the environment, and
the agent is provided with a reward in response to the changes in the environment. The agent repeats this process to
learn a most rewarded course of action. A representative approach, Q-learning or temporal-difference (TD) learning,
can be used. For example, with Q-learning, a general update formula for the action value function Q (s, a) is represented by:

where st denotes a state of the environment at the time t, and at denotes an action at the time t. The action at changes
the state to st + 1. A reward that the agent can receive due to the changes in state is represented by rt + 1, γ denotes
a discount factor, and α denotes a learning coefficient. Note that γ falls in a range of 0 < γ ≤ 1, and α falls in a range of
0 < α ≤ 1. The state st is the set temperature, the temperatures detected by the intake thermistors 7a and 7b, and
temperatures detected by the discharge thermistors 8a and 20b. The action at is the target degree of superheat, the
target degree of supercooling, the set frequency of the compressor 10, the target refrigerant evaporating temperature,
and the target refrigerant condensing temperature. With Q-learning, the first learning device 12 learns the best action
at in the state st at the time t.
[0053] If the value of the action value function Q for an action a yielding a highest Q value at the time t + 1 is greater
than the value of the action value function Q for an action a carried out at the time t, the update formula denoted by
Formula (1) yields an increased value of the action value function Q, and, otherwise, yields a reduced value of the action
value function Q. Stated differently, the update formula updates the action value function Q (s, a) so that the value of
the action value function Q for the action a at the time t approaches a best action value at the time t + 1. This causes
the best action value in a certain environment to sequentially propagate to action values in previous environments.
[0054] As described above, to generate the second learned model by the reinforcement learning, the second model
generator 17 includes a reward calculator 18 and a function updater 19.
[0055] The reward calculator 18 calculates a reward, based on an action and a state, the action including a target
degree of superheat, a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant evap-
orating temperature, and a target refrigerant condensing temperature, the state including a set temperature, temperatures
detected by the intake thermistors 7a and 7b, and temperatures detected by the discharge thermistors 8a and 8b. The
reward calculator 18 calculates a reward r, based on a difference between the set temperature and a discharged air
temperature. The discharged air temperature can be one of or an average of the temperatures detected by the discharge
thermistors 8a and 8b. For example, the reward calculator 18 increases the reward r (e.g., gives a reward "1") if the
difference between the set temperature and the discharged air temperature decreases. The reward calculator 18, on
the other hand, reduces the reward r (e.g., gives a reward "-1") if the difference between the set temperature and the
discharged air temperature increases.
[0056] In accordance with the reward calculated by the reward calculator 18, the function updater 19 updates a function
for determining an action including a target degree of superheat, a target degree of supercooling, a set frequency of the
compressor 10, a target refrigerant evaporating temperature, and a target refrigerant condensing temperature, and
outputs the function to the second learned model storage device 23. With Q-learning, for example, the function updater
19 uses the action value function Q (st, at) represented by Formula (1), as the function for calculating an action including
a target degree of superheat, a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant
evaporating temperature, and a target refrigerant condensing temperature.
[0057] The first learning device 12 repeatedly learns as described above. The second learned model storage device
23 stores the action value function Q (st, at) updated by the function updater 19, that is, the second learned model.
[0058] Fig. 11 is a flowchart depicting the second learning procedure performed by the second learning device 13.
[0059] In step d1, the second data acquisition unit 16 obtains the second learning data which includes a state and an
action in the state, the state including a set temperature, temperatures detected by the intake thermistors 7a and 7b,
and temperatures detected by the discharge thermistors 8a and 8b, the action including a target degree of superheat,
a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature,
and a target refrigerant condensing temperature.
[0060] In step d2, the second model generator 17 calculates a reward, based on the second learning data. Specifically,
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the reward calculator 18 determines whether to increase or reduce the reward, based on a difference between the set
temperature and the discharged air temperature.
[0061] If the reward calculator 18 determines to increase the reward, the process proceeds to step S103. If the reward
calculator 18 determines to reduce the reward, the process proceeds to step S104.
[0062] In step d3, the reward calculator 18 increases the reward.
[0063] In step d4, the reward calculator 18 reduces the reward.
[0064] In step d5, the function updater 19 updates the action value function Q (st, at) represented by Formula (1) and
stored in the second learned model storage device 23, based on the reward calculated by the reward calculator 18.
[0065] The second learning device 13 repeats the steps d1 through d5 stated above, and stores a generated action
value function Q (st, at) as the second learned model.
[0066] Fig. 12 is a diagram depicting a configuration of the inference device 31.
[0067] The inference device 31 includes a first inference device 32 and a second inference device 33.
[0068] The first inference device 32 includes a first data acquisition unit 34 and a first inference unit 35.
[0069] The first data acquisition unit 34 obtains the factor data including the set temperature, the temperatures detected
by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b during a
past period of time. The past period of time can be a time period (t0 - ΔTx through t0), where the current time is t0.
[0070] The first inference unit 35 inputs the factor data obtained by the first data acquisition unit 34 to the first learned
model stored in the first learned model storage device 22, and outputs the prediction as to whether one of the indoor
units 20a and 20b performs the thermo-OFF operation during a future period of time.
[0071] Fig. 13 is a flowchart depicting the first inferring procedure performed by the first inference device 32.
[0072] In step c1, the first data acquisition unit 34 obtains the factor data including the set temperature, the temperatures
detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b
during a past period of time.
[0073] In steps c2 and c3, the first inference unit 35 inputs the factor data obtained by the first data acquisition unit
34 to the first learned model stored in the first learned model storage device 22, and outputs the prediction as to whether
one of the indoor units 20a and 20b performs the thermo-OFF operation during a future period of time.
[0074] In step c4, if one of the indoor units 20a and 20b is predicted to perform the thermo-OFF operation during a
future period of time, the process proceeds to step c5. The process ends if none of the indoor units 20a and 20b is
predicted to perform the thermo-OFF operation during a future period of time.
[0075] In step c5, the second inference device 33 performs an inference process, which is described next.
[0076] The second inference device 33 includes a second data acquisition unit 36 and a second inference unit 37.
[0077] The second data acquisition unit 36 obtains a state including the set temperature, the temperatures detected
by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b.
[0078] Using the second learned model stored in the second learned model storage device 23, the second inference
unit 37 infers an action from the state obtained by the second data acquisition unit 36, the action including a target
degree of superheat, a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant evap-
orating temperature, and a target refrigerant condensing temperature.
[0079] For example, the second inference unit 37 reads the action value function Q (st, at) from the second learned
model storage device 23, as a second learned model. The second inference unit 37 obtains an action at in response to
a state st, based on the action value function Q (s, a), the action at including the target degree of superheat, the target
degree of supercooling, the set frequency of the compressor 10, the target refrigerant evaporating temperature, and the
target refrigerant condensing temperature, the state st including the set temperature, the temperatures detected by the
intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b.
[0080] The main controller 51 controls the air conditioning device, based on the action at including the target degree
of superheat output from the second inference unit 37, the target degree of supercooling, the set frequency of the
compressor 10, the target refrigerant evaporating temperature, and the target refrigerant condensing temperature.
[0081] For example, when the air conditioning device is in the cooling operation, the main controller 51 controls the
electronic expansion valves 4a and 4b so that the degree of superheat of the liquid refrigerant immediately after passing
through the indoor heat exchangers 3a and 3b results in the target degree of superheat. For example, when the air
conditioning device is in the heating operation, the main controller 51 controls the electronic expansion valves 4a and
4b so that the degree of supercooling of the liquid refrigerant immediately after passing through the indoor heat exchangers
3a and 3b results in the target degree of supercooling.
[0082] Fig. 14 is a flowchart depicting a second inferring procedure performed by the second inference device 33.
[0083] In step e1, the second data acquisition unit 36 obtains a state including the set temperature, the temperatures
detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b.
[0084] In step e2, using the second learned model stored in the second learned model storage device 23, the second
inference unit 37 infers an action from the state obtained by the second data acquisition unit 36, the action including a
target degree of superheat, a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant
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evaporating temperature, and a target refrigerant condensing temperature.
[0085] In step e3, the second inference unit 37 outputs the target degree of superheat, the target degree of supercooling,
the set frequency of the compressor 10, the target refrigerant evaporating temperature, and the target refrigerant con-
densing temperature to the main controller 51.
[0086] In step e4, the main controller 51 controls the air conditioning device, based on the target degree of superheat,
the target degree of supercooling, the set frequency of the compressor 10, the target refrigerant evaporating temperature,
and the target refrigerant condensing temperature.
[0087] Fig. 15 is a diagram depicting an example of a first inference, a second inference, and an air-conditioning
control when the air conditioning device is in the cooling operation. Fig. 16 is a diagram depicting an example of the first
inference, the second inference, and the air-conditioning control when the air conditioning device is in the heating
operation.
[0088] The first inference device 32, at a time ta, inputs the factor data during a past period of time (ta - ΔTx through
ta) to the first learned model, thereby predicting that one of the indoor units 20a and 20b performs the thermo-OFF
operation during a future period of time (ta through ta + ΔTx).
[0089] Using the second learned model stored in the second learned model storage device 23, the second inference
device, at and after the time ta, infers an action from a state, the action including a target degree of superheat, a target
degree of supercooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature, and a target
refrigerant condensing temperature, the state including a set temperature, temperatures detected by the intake thermis-
tors 7a and 7b, and temperatures detected by the discharge thermistors 8a and 8b.
[0090] The main controller 51 controls the air conditioning device, based on the target degree of superheat, the target
degree of supercooling, the set frequency of the compressor 10, the target refrigerant evaporating temperature, and the
target refrigerant condensing temperature. This prevents the discharged temperature from reaching the lower reference
value limit TL when the air conditioning device is in the cooling operation. Thus, the discharged temperature reaches
the set temperature, without the first indoor unit 20a or the second indoor unit 20b performing the thermo-OFF operation.
Since the discharged temperature does not reach the upper reference value limit TH when the air conditioning device
is in the heating operation, the discharged temperature reaches the set temperature, without the first indoor unit 20a or
the second indoor unit 20b performing the thermo-OFF operation.
[0091] As described above, the air conditioning device according to the present embodiment outputs the prediction,
made from a factor, as to whether one of the indoor units 20a and 20b performs the thermo-OFF operation during a
future period of time, the factor including the set temperature, the temperatures detected by the intake thermistors 7a
and 7b, and the temperatures detected by the discharge thermistors 8a and 8b during a past period of time. This allows
predicting that each indoor unit performs the thermo-OFF operation in the air conditioning device which includes multiple
indoor units capable of the thermo-OFF operation.
[0092] The air conditioning device according to the present embodiment further outputs an action from a state, the
action including a target degree of superheat, a target degree of supercooling, a set frequency of the compressor 10, a
target refrigerant evaporating temperature, and a target refrigerant condensing temperature, the state including a set
temperature, temperatures detected by the intake thermistors 7a and 7b, and temperatures detected by the discharge
thermistors 8a and 8b. This allows the air conditioning device to control each indoor unit so that the discharged air
temperature is stabilized at the set temperature, without requiring the indoor unit to perform the thermo-OFF operation.

Embodiment 2

[0093] Fig. 17 is a diagram for illustrating a first learned model according to Embodiment 2.
[0094] The first learned model according to Embodiment 2 is a model for outputting a prediction, made from a factor,
as to whether one of indoor units 20a and 20b performs a thermo-OFF operation during a future period of time, the factor
including a set temperature, temperatures detected by intake thermistors 7a and 7b, and temperatures detected by
discharge thermistors 8a and 8b during a past period of time and a forecast of the outdoor air temperature and a forecast
of weather conditions during a future period of time. The forecast of the outdoor air temperature and the forecast of
weather conditions during a future period of time can be, for example, forecasts for a period of time, such as within ten
minutes or within an hour from the present time, which are obtained through the Internet, for example.
[0095] Fig. 18 is a diagram for illustrating a second learned model according to Embodiment 2.
[0096] The second learned model according to Embodiment 2 is a model for outputting an action from a state, the
action including a target degree of superheat, a target degree of supercooling, a set frequency of a compressor 10, a
target refrigerant evaporating temperature, and a target refrigerant condensing temperature, the state including a set
temperature, temperatures detected by intake thermistors 7a and 7b, and temperatures detected by discharge thermistors
8a and 8b.
[0097] A first learning device 12 is now described.
[0098] A first data acquisition unit 14 obtains first learning data, which includes (i) factor data including the set tem-
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perature, the temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge
thermistors 8a and 8b during a first time period (11 through t1 + ΔTx) and a forecast of the outdoor air temperature and
a forecast of weather conditions during a second time period (11 + ΔTx through t1 + ΔTy) later in time than the first time
period, and (ii) predictive data as to whether one of the indoor units 20a and 20b performs the thermo-OFF operation
during the second time period (11 + ΔTx through t1 + ΔTy). The first data acquisition unit 14 obtains multiple first learning
data items by varying t1.
[0099] Using the first learning data obtained by the first data acquisition unit 14, a first model generator 15 generates
the first learned model for outputting the prediction, made from a factor, as to whether one of the indoor units 20a and
20b performs the thermo-OFF operation within a future period of time, the factor including the set temperature, the
temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors
8a and 8b during a past period of time and a forecast of the outdoor air temperature and a forecast of weather conditions
during a future period of time. The first model generator 15 stores the first learned model into a first learned model
storage device 22.
[0100] A second learning device 13 is now described.
[0101] A second data acquisition unit 16 obtains second learning data which includes a state and an action in the
state, the state including a set temperature, temperatures detected by the intake thermistors 7a and 7b, and temperatures
detected by the discharge thermistors 8a and 8b, the action including a target degree of superheat, a target degree of
supercooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature, and a target refrigerant
condensing temperature.
[0102] Using the second learning data obtained by the second data acquisition unit 16, a second model generator 17
generates the second learned model for outputting an action from a state, the action including a target degree of superheat,
a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature,
and a target refrigerant condensing temperature, the state including a set temperature, temperatures detected by the
intake thermistors 7a and 7b, and temperatures detected by the discharge thermistors 8a and 8b.
[0103] A reward calculator 18 calculates a reward, based on the action including the target degree of superheat, the
target degree of supercooling, the set frequency of the compressor 10, the target refrigerant evaporating temperature,
and the target refrigerant condensing temperature, and the state including the set temperature, the temperatures detected
by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b. The reward
calculator 18 calculates a reward r, based on a difference between the set temperature and the discharged air temperature.
[0104] In accordance with the reward calculated by the reward calculator 18, a function updater 19 updates a function
for determining an action including a target degree of superheat, a target degree of supercooling, a set frequency of the
compressor 10, a target refrigerant evaporating temperature, and a target refrigerant condensing temperature, and
outputs the function to the second learned model storage device 23.
[0105] A first inference device 32 is now described.
[0106] A first data acquisition unit 34 obtains factor data including the set temperature, the temperatures detected by
the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b during a past
period of time and a forecast of the outdoor air temperature and a forecast of weather conditions during a future period
of time.
[0107] A first inference unit 35 inputs the factor data obtained by the first data acquisition unit 34 to the first learned
model stored in the first learned model storage device 22, and outputs a prediction as to whether one of the indoor units
20a and 20b performs the thermo-OFF operation during a future period of time.
[0108] A second inference device 33 is now described.
[0109] A second data acquisition unit 36 obtains a state including the set temperature, the temperatures detected by
the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b.
[0110] Using the second learned model stored in the second learned model storage device 23, a second inference
unit 37 infers an action from the state obtained by the second data acquisition unit 36, the action including a target
degree of superheat, a target degree of supercooling, a set frequency of the compressor 10, a target refrigerant evap-
orating temperature, and a target refrigerant condensing temperature.
[0111] For example, the second inference unit 37 reads an action value function Q (st, at) from the second learned
model storage device 23 as the second learned model. In response to a state st including the set temperature, the
temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors
8a and 8b, the second inference unit 37 obtains an action at based on the action value function Q (s, a), the action at
including the target degree of superheat, the target degree of supercooling, the set frequency of the compressor 10, the
target refrigerant evaporating temperature, and the target refrigerant condensing temperature.
[0112] Similarly to Embodiment 1, a main controller 51 controls an air conditioning device, based on the target degree
of superheat, the target degree of supercooling, the set frequency of the compressor 10, the target refrigerant evaporating
temperature, and the target refrigerant condensing temperature.
[0113] According to the present embodiment, the discharged air temperature can be stabilized, without being subject
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to the weather.

Embodiment 3

[0114] Fig. 19 is a diagram for illustrating a first learned model according to Embodiment 3.
[0115] The first learned model according to Embodiment 3 is a model for outputting a prediction, made from a factor,
as to whether one of indoor units 20a and 20b performs a thermo-OFF operation during a future period of time, the factor
including a set temperature, temperatures detected by intake thermistors 7a and 7b, and temperatures detected by
discharge thermistors 8a and 8b during a past period of time and a forecast of the outdoor air temperature, a forecast
of the outdoor air humidity, and a forecast of weather conditions during a future period of time. The forecast of the outdoor
air temperature, the forecast of the outdoor air humidity, and the forecast of weather conditions during a future period
of time can be, for example, forecasts for a period of time, such as within ten minutes or within an hour from the present
time, which are obtained through the Internet, for example.
[0116] Fig. 20 is a diagram for illustrating a second learned model according to Embodiment 3.
[0117] The second learned model according to Embodiment 3 is a model for outputting an action from a state, the
action including a target degree of superheat, a set frequency of a compressor 10, a target refrigerant evaporating
temperature, and a target humidity, the state including a set temperature, temperatures detected by intake thermistors
7a and 7b, and temperatures detected by discharge thermistors 8a and 8b.
[0118] A first learning device 12 is now described.
[0119] A first data acquisition unit 14 obtains first learning data which includes (i) factor data including the set temper-
ature, the temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge
thermistors 8a and 8b during a first time period (11 through t1 + ΔTx) and a forecast of the outdoor air temperature, a
forecast of the outdoor air humidity, and a forecast of weather conditions during a second time period (11 + ΔTx through
t1 + ΔTy) later in time than the first time period, and (ii) predictive data as to whether one of the indoor units 20a and
20b performs the thermo-OFF operation during the second time period (11 + ΔTx through t1 + ΔTy). The first data
acquisition unit 14 obtains multiple first learning data items by varying t1.
[0120] Using the first learning data obtained by the first data acquisition unit 14, a first model generator 15 generates
the first learned model for outputting the prediction, made from a factor, as to whether one of the indoor units 20a and
20b performs the thermo-OFF operation within a future period of time, the factor including the set temperature, the
temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors
8a and 8b during a past period of time and a forecast of the outdoor air temperature, a forecast of the outdoor air humidity,
and a forecast of weather conditions during a future period of time. The first model generator 15 stores the first learned
model into a first learned model storage device 22.
[0121] A second learning device 13 is now described.
[0122] A second data acquisition unit 16 obtains second learning data which includes a state and an action in the
state, the state including a set temperature, temperatures detected by the intake thermistors 7a and 7b, and temperatures
detected by the discharge thermistors 8a and 8b, the action including a target degree of superheat, a set frequency of
the compressor 10 of an outdoor apparatus 2, a target refrigerant evaporating temperature, and a target humidity.
[0123] Using the second learning data obtained by the second data acquisition unit 16, a second model generator 17
generates the second learned model for outputting an action from a state, the action including a target degree of super-
cooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature, and a target humidity, the
state including a set temperature, temperatures detected by the intake thermistors 7a and 7b, and temperatures detected
by the discharge thermistors 8a and 8b.
[0124] A reward calculator 18 calculates a reward, based on the action including the target degree of superheat, the
target degree of supercooling, the set frequency of the compressor 10, the target refrigerant evaporating temperature,
and the target refrigerant condensing temperature, and the state including the set temperature, the temperatures detected
by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b. The reward
calculator 18 calculates a reward r, based on a difference between the set temperature and the discharged air temperature.
[0125] In accordance with the reward calculated by the reward calculator 18, a function updater 19 updates a function
for determining an action including a target degree of superheat, a target degree of supercooling, a set frequency of the
compressor 10, a target refrigerant evaporating temperature, and a target refrigerant condensing temperature, and
outputs the function to the second learned model storage device 23.
[0126] A first inference device 32 is now described.
[0127] A first data acquisition unit 34 obtains factor data including the set temperature, the temperatures detected by
the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b during a past
period of time and a forecast of the outdoor air temperature and a forecast of weather conditions during a future period
of time.
[0128] A first inference unit 35 inputs the factor data obtained by the first data acquisition unit 34 to the first learned
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model stored in the first learned model storage device 22, and outputs a prediction as to whether one of the indoor units
20a and 20b performs the thermo-OFF operation during a future period of time.
[0129] A second inference device 33 is now described.
[0130] A second data acquisition unit 36 obtains a state including the set temperature, the temperatures detected by
the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors 8a and 8b.
[0131] Using the second learned model stored in the second learned model storage device 23, a second inference
unit 37 infers an action from the state obtained by the second data acquisition unit 36, the action including a target
degree of superheat, a set frequency of the compressor 10, a target refrigerant evaporating temperature, and a target
humidity.
[0132] For example, the second inference unit 37 reads an action value function Q (st, at) from the second learned
model storage device 23 as the second learned model. In response to a state st including the set temperature, the
temperatures detected by the intake thermistors 7a and 7b, and the temperatures detected by the discharge thermistors
8a and 8b, the second inference unit 37 obtains an action at based on the action value function Q (s, a), the action at
including the target degree of superheat, the set frequency of the compressor 10, the target refrigerant evaporating
temperature, and the target humidity.
[0133] Similarly to Embodiment 1, a main controller 51 controls an air conditioning device, based on the target degree
of superheat, the set frequency of the compressor 10, and the target refrigerant evaporating temperature. The main
controller 51 also controls the cooling operation or the dehumidification operation so that the indoor humidity reaches
the target humidity.
[0134] According to the present embodiment, the operation of the air conditioning device can be automatically switched
to the dehumidification operation when the humidity is increased, such as when the weather forecast indicates the
chance of rain.

Variations

[0135]

(1) While the learning device 11 and the inference device 31 are provided inside the air conditioning device, the
learning device 11 and the inference device 31 may be separate from the air conditioning device and connected to
the air conditioning device through a network. Furthermore, the learning device 11 and the inference device 31 may
reside on a cloud server.
(2) Fig. 21 is a diagram depicting a hardware configuration of the learning device 11, the inference device 31, or
the main controller 51.
Operations corresponding to the operations of the learning device 11, the inference device 31, and the main controller
51 can be configured in hardware or software for digital circuits. If the functions of the learning device 11, the
inference device 31, and the main controller 51 are implemented using software, the learning device 11, the inference
device 31, and the main controller 51 can include, for example, a processor 5002 and a memory 5001 that are
connected together by a bus 5003 as shown in Fig. 21, and the processor 5002 can execute programs stored in
the memory 5001.
(3) While the embodiments have been described with reference to the supervised learning being applied to the
learning algorithm for use by the first model generator 15, the present disclosure is not limited thereto. Besides the
supervised learning, reinforcement learning, unsupervised learning, or semi-supervised learning, etc. is also appli-
cable to the learning algorithm. While the embodiments have been described with reference to the reinforcement
learning being applied to the learning algorithm for use by the second model generator 17, the present disclosure
is not limited thereto. Besides the reinforcement learning, supervised learning, unsupervised learning, or semi-
supervised learning, etc. is also applicable to the learning algorithm.
(4) The first model generator 15 and the second model generator 17 may generate the first learned model and the
second learned model in accordance with the first learning data and the second learning data, respectively, created
at multiple air conditioning devices. The first model generator 15 and the second model generator 17 may obtain
the first learning data and the second learning data from multiple air conditioning devices that are used in a same
area, or obtain the first learning data and the second learning data from multiple air conditioning devices operating
independently in different areas. The air conditioning device that collects the first learning data and the second
learning data can be added to or excluded from a target. Furthermore, the first learning data and the second learning
data of a certain air conditioning device may be used to generate a first learned model and a second learned model,
and the first learned model and the second learned model may be updated (re-learned) using first learning data and
a second learned model of a different air conditioning device.
(5) Deep learning that learns extraction of features themselves can be used as the learning algorithms that use the
first model generator 15 and the second model generator 17, and the machine learning may be performed in
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accordance with other well-known method, for example, genetic programming, functional and logic programming,
or a support vector machine.
(6) In the embodiment, the first inference unit 35 uses the first learned model to output the prediction, made from
the factor data obtained by the first data acquisition unit 34, as to whether one of the indoor units 20a and 20b
performs the thermo-OFF operation during a future period of time. However, the present disclosure is not limited
thereto. For example, the first inference unit 35 may output the prediction as to whether one of the indoor units 20a
and 20b performs the thermo-OFF operation during a future period of time, from the factor data obtained by the first
data acquisition unit 34, based on a rule-based inference or an incident-based inference.
The second inference unit 37 according to Embodiment 1 uses the second learned model to infer an action from
the state obtained by the second data acquisition unit 36, the action including a target degree of superheat, a target
degree of supercooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature, and a
target refrigerant condensing temperature. However, the present disclosure is not limited thereto. For example, the
second inference unit 37 may infer, from the state obtained by the second data acquisition unit 36 based on the
rule-based inference or the incident-based inference, an action including a target degree of superheat, a target
degree of supercooling, a set frequency of the compressor 10, a target refrigerant evaporating temperature, and a
target refrigerant condensing temperature. The same is true for Embodiments 2 and 3.
(7) While the factor of the first learned model according to the embodiments described above includes a set tem-
perature during a past period of time, the present disclosure is not limited thereto. A factor of the first learned model
may be a difference between the set temperature during a past period of time and each of the temperatures detected
by multiple discharge thermistors during a past period of time. While the state of the second learned model according
to the embodiments described above includes a set temperature, the present disclosure is not limited thereto. A
factor of the second learned model may be a difference between the set temperature and each of the temperatures
detected by multiple discharge thermistors.
(8) While the embodiments described above include two indoor units, the present disclosure is not limited thereto.
There may be three or more indoor units.

[0136] The presently disclosed embodiments above should be considered illustrative in all aspects and do not limit
the present disclosure. The scope of the present disclosure is defined by the appended claims, rather than by the above
description. All changes which come within the meaning and range of equivalency of the appended claims are intended
to be embraced within their scope.

REFERENCE SIGNS LIST

[0137] 1 indoor apparatus; 2 outdoor apparatus; 3a first indoor heat exchanger; 3b second indoor heat exchanger; 4a
first electronic expansion valve; 4b second electronic expansion valve; 5 fan; 6a first controller; 6b second controller;
7a first intake thermistor; 7b second intake thermistor; 8a first discharge thermistor; 8b second discharge thermistor; 9
outdoor heat exchanger; 10 compressor; 11 learning device; 12 first learning device; 13 second learning device; 14, 34
first data acquisition unit; 15 first model generator; 16, 36 second data acquisition unit; 17 second model generator; 18
reward calculator; 19 function updater; 20a first indoor unit; 20b second indoor unit; 21 learned model storage device;
22 first learned model storage device; 23 second learned model storage device; 31 inference device; 32 first inference
device; 33 second inference device; 35 first inference unit; 37 second inference unit; 51 main controller; 71 data storage
device; 5001 memory; 5002 processor; and 5003 bus.

Claims

1. An air conditioning device, comprising an indoor apparatus and an outdoor apparatus,

the outdoor apparatus including a compressor and an outdoor heat exchanger,
the indoor apparatus including a plurality of indoor units and a fan, wherein
each indoor unit, among the plurality of indoor units, includes a controller, an indoor heat exchanger, an electronic
expansion valve, an intake thermistor for detecting a drawn-in air temperature, and a discharge thermistor for
detecting a discharged air temperature, wherein the indoor unit performs a thermo-OFF operation when a
temperature detected by the discharge thermistor reaches a reference value,
the air conditioning device further comprising
a first inference device to infer, from a factor, whether any of the plurality of indoor units performs a thermo-
OFF operation during a future period of time, the factor including a set temperature, temperatures detected by
a plurality of the intake thermistors, and temperatures detected by a plurality of the discharge thermistors during
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a past period of time.

2. The air conditioning device according to claim 1, wherein
the first inference device includes:

a first data acquisition unit that obtains factor data including a set temperature, temperatures detected by the
plurality of intake thermistors, and temperatures detected by the plurality of discharge thermistors during a past
period of time; and
a first inference unit that inputs the factor data obtained by the first data acquisition unit to a first learned model
and outputs a prediction as to whether any of the plurality of indoor units performs a thermo-OFF operation
during a future period of time, the first learned model being a learned model for outputting a prediction, made
from a factor, as to whether any of the plurality of indoor units performs a thermo-OFF operation during a future
period of time, the factor including a set temperature, temperatures detected by the plurality of intake thermistors,
and temperatures detected by the plurality of discharge thermistors during a past period of time.

3. The air conditioning device according to claim 2, wherein

the first data acquisition unit obtains the factor data further including a forecast of an outdoor air temperature
and a forecast of weather conditions during a future period of time, and
the first inference unit inputs the factor data obtained by the first data acquisition unit to a first learned model,
and outputs a prediction as to whether any of the plurality of indoor units performs a thermo-OFF operation
during a future period of time, the first learned model being a learned model for outputting a prediction, made
from a factor, as to whether any of the plurality of indoor units performs a thermo-OFF operation during a future
period of time, the factor including a set temperature, temperatures detected by the plurality of intake thermistors,
and temperatures detected by the plurality of discharge thermistors during a past period of time and a forecast
of an outdoor air temperature and a forecast of weather conditions during a future period of time.

4. The air conditioning device according to claim 2, wherein

the first data acquisition unit obtains the factor data further including a forecast of an outdoor air temperature,
a forecast of an outdoor air humidity, and a forecast of weather conditions during a future period of time, and
the first inference unit inputs the factor data obtained by the first data acquisition unit to a first learned model,
and outputs a prediction as to whether any of the plurality of indoor units performs a thermo-OFF operation
during a future period of time, the first learned model being a learned model for inferring, from a factor, whether
any of the plurality of indoor units performs a thermo-OFF operation during a future period of time, the factor
including a set temperature, temperatures detected by the plurality of intake thermistors, and temperatures
detected by the plurality of discharge thermistors during a past period of time and a forecast of an outdoor air
temperature, a forecast of an outdoor air humidity, and a forecast of weather conditions during a future period
of time.

5. The air conditioning device according to claim 1, comprising:

a second inference device to infer, when a prediction is output that one of the plurality of indoor units performs
a thermo-OFF operation during a future period of time, a target degree of superheat, a target degree of super-
cooling, a set frequency of the compressor, a target refrigerant evaporating temperature, and a target refrigerant
condensing temperature from a state including a set temperature, temperatures detected by the plurality of
intake thermistors, and temperatures detected by the plurality of discharge thermistors; and
a main controller to control the air conditioning device, based on a result of inference by the second inference
device.

6. The air conditioning device according to claim 5, wherein
the second inference device includes:

a second data acquisition unit that obtains a state including a set temperature, temperatures detected by the
plurality of intake thermistors, and temperatures detected by the plurality of discharge thermistors; and
a second inference unit that infers, using a second learned model, an action from the state obtained by the
second data acquisition unit, the action including a target degree of superheat, a target degree of supercooling,
a set frequency of the compressor, a target refrigerant evaporating temperature, and a target refrigerant con-
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densing temperature, the second learned model being a learned model for inferring an action from a state, the
action including a target degree of superheat, a target degree of supercooling, a set frequency of the compressor,
a target refrigerant evaporating temperature, and a target refrigerant condensing temperature, the state including
a set temperature, temperatures detected by the plurality of intake thermistors, and temperatures detected by
the plurality of discharge thermistors.

7. The air conditioning device according to claim 1, comprising:

a second inference device to infer, when a prediction is output that any of the plurality of indoor units performs
a thermo-OFF operation during a future period of time, a target degree of superheat, a set frequency of the
compressor, a target refrigerant evaporating temperature, and a target humidity from a state including a set
temperature, temperatures detected by the plurality of intake thermistors, and temperatures detected by the
plurality of discharge thermistors; and
a main controller to control the air conditioning device, based on a result of inference by the second inference
device.

8. The air conditioning device according to claim 7, wherein
the second inference device includes:

a second data acquisition unit that obtains a state including a set temperature, temperatures detected by the
plurality of intake thermistors, and temperatures detected by the plurality of discharge thermistors; and
a second inference unit that infers, using a second learned model, an action from the state obtained by the
second data acquisition unit, the action including a target degree of superheat, a set frequency of the compressor,
a target refrigerant evaporating temperature, and a target humidity, the second learned model being a learned
model for inferring an action from a state, the action including a target degree of superheat, a set frequency of
the compressor, a target refrigerant evaporating temperature, and a target humidity, the state including a set
temperature, temperatures detected by the plurality of intake thermistors, and temperatures detected by the
plurality of discharge thermistors.

9. A learning device of an air conditioning device which includes an indoor apparatus and an outdoor apparatus,

the outdoor apparatus including a compressor and an outdoor heat exchanger,
the indoor apparatus including a plurality of indoor units and a fan, wherein
each indoor unit, among the plurality of indoor units, includes a controller, an indoor heat exchanger, an electronic
expansion valve, an intake thermistor for detecting a drawn-in air temperature, and a discharge thermistor for
detecting a discharged air temperature, wherein the indoor unit performs a thermo-OFF operation when a
temperature detected by the discharge thermistor reaches a reference value,
the learning device, comprising:

a first data acquisition unit to obtain first learning data including (i) factor data including a set temperature,
temperatures detected by a plurality of the intake thermistors, and temperatures detected by a plurality of
the discharge thermistors during a first time period, and (ii) predictive data as to whether any of the plurality
of indoor units performs a thermo-OFF operation during a second time period later in time than the first
time period; and
a first model generator to generate, using the first learning data, a first learned model for outputting a
prediction, made from a factor, as to whether any of the plurality of indoor units performs a thermo-OFF
operation during a future period of time, the factor including a set temperature, temperatures detected by
the plurality of intake thermistors, and temperatures detected by the plurality of discharge thermistors during
a past period of time.

10. The learning device of the air conditioning device according to claim 9, wherein

the first data acquisition unit obtains first learning data including the predictive data and the factor data further
including a forecast of an outdoor air temperature and a forecast of weather conditions during a future period
of time, and
using the first learning data, the first model generator generates a first learned model for outputting a prediction,
made from a factor, as to whether any of the plurality of indoor units performs a thermo-OFF operation during
a future period of time, the factor including a set temperature, temperatures detected by the plurality of intake
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thermistors, and temperatures detected by the plurality of discharge thermistors during a past period of time
and a forecast of an outdoor air temperature and a forecast of weather conditions during a future period of time.

11. The learning device of the air conditioning device according to claim 9, wherein

the first data acquisition unit obtains first learning data including the predictive data and the factor data further
including a forecast of an outdoor air temperature, a forecast of an outdoor air humidity, and a forecast of
weather conditions during a future period of time, and
using the first learning data, the first model generator generates a first learned model for outputting a prediction,
made from a factor, as to whether any of the plurality of indoor units performs a thermo-OFF operation during
a future period of time, the factor including a set temperature, temperatures detected by the plurality of intake
thermistors, and temperatures detected by the plurality of discharge thermistors during a past period of time
and a forecast of an outdoor air temperature, a forecast of an outdoor air humidity, and a forecast of weather
conditions during a future period of time.

12. The learning device of the air conditioning device according to claim 9, comprising:

a second data acquisition unit to obtain second learning data including a state and an action in the state, the
state including a set temperature, temperatures detected by the plurality of intake thermistors, and temperatures
detected by the plurality of discharge thermistors, the action including a target degree of superheat, a target
degree of supercooling, a set frequency of the compressor, a target refrigerant evaporating temperature, and
a target refrigerant condensing temperature; and
a second model generator to generate, using the second learning data, a second learned model for outputting
an action from a state, the action including a target degree of superheat, a target degree of supercooling, a set
frequency of the compressor, a target refrigerant evaporating temperature, and a target refrigerant condensing
temperature, the state including a set temperature, temperatures detected by the plurality of intake thermistors,
and temperatures detected by the plurality of discharge thermistors.

13. The learning device of the air conditioning device according to claim 9, comprising:

a second data acquisition unit to obtain second learning data including a state and an action in the state, the
state including a set temperature, temperatures detected by the plurality of intake thermistors, and temperatures
detected by the plurality of discharge thermistors, the action including a target degree of superheat, a set
frequency of the compressor, a target refrigerant evaporating temperature, and a target humidity; and
a second model generator to generate, using the second learning data, a second learned model for outputting
an action from a state, the action including a target degree of superheat, a set frequency of the compressor, a
target refrigerant evaporating temperature, and a target humidity, the state including a set temperature, the
temperatures detected by the plurality of intake thermistors, and the temperatures detected by the plurality of
discharge thermistors.

14. The learning device of the air conditioning device according to any one of claims 9 to 13, wherein
the second model generator generates the second learned model by Q-learning.

15. The learning device of the air conditioning device according to claim 14, wherein
the second model generator increases a reward when a difference between the set temperature and a discharged
air temperature decreases, and reduces a reward when a difference between the set temperature and the discharged
air temperature increases.
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