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(54) AIR-CONDITIONING SYSTEM

(57) An air-conditioning system according to the
present disclosure includes an indoor unit, a distance
measurement unit, a high ceiling detection unit, a floor
detection unit, a temperature measurement unit, a tem-
perature difference calculation unit configured to calcu-
late a temperature difference between a temperature of
a high ceiling space and a surface temperature of a floor,
and a controller configured to perform control of gener-
ating a first air flow according to a predetermined oper-
ating condition in a case where the temperature differ-
ence calculated by the temperature difference calcula-
tion unit is less than a first threshold, and to perform con-
trol of generating a second air flow in a case where the
temperature difference is equal to or more than the first
threshold, the second air flow satisfying at least either
one of a condition that the second air flow has a lower
temperature than the first air flow or a condition that the
second air flow has a larger velocity component in a ver-
tical direction than the first air flow.
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Description

Technical Field

[0001] The present disclosure relates to an air-condi-
tioning system.

Background Art

[0002] Patent Literature 1 describes an air-condition-
ing apparatus that detects the height of a ceiling, the pres-
ence of lighting fixtures attached to the ceiling or lintels,
and controls an air flow to avoid the lighting fixtures or
lintels, thus efficiently performing air-conditioning for the
room.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2012-52680

Summary of Invention

Technical Problem

[0004] Recently, to increase a sense of openness in a
room or to install a daylighting window, there are an in-
creasing number of cases where a high ceiling is provided
by partially increasing the height of a ceiling surface. In
such a room, even when a heating operation is performed
in winter, warm air concentrates in the vicinity of the high
ceiling, so that there may be a case where a space where
a person lives is not heated as intended. As a result, a
problem occurs, such as a reduction in comfort of a per-
son or waste of energy. To solve the above-mentioned
problem, it is necessary to detect the presence or ab-
sence and the position of the high ceiling and, in the case
where warm air concentrates in the vicinity of the high
ceiling, it is necessary to guide the warm air to the space
where the person lives. The air-conditioning apparatus
described in Patent Literature 1 can detect a lighting fix-
ture attached to a ceiling surface or a lintel and can gen-
erate an air flow that avoids these obstacles. However,
the air-conditioning apparatus described in Patent Liter-
ature 1 fails to take into account a method for performing
air-conditioning when a high ceiling is detected and a
temperature difference is generated between an area in
the vicinity of the high ceiling and a space where a person
lives.
[0005] The present disclosure has been made to solve
the above-mentioned problem. It is an object of the
present disclosure to provide an air-conditioning system
that can surely detect the presence of a high ceiling in a
room provided with the high ceiling obtained by partially
increasing the height of a ceiling, and that can eliminate
a temperature difference between the high ceiling space

and a space where a person lives in the case where the
above-mentioned temperature difference is generated.
Solution to Problem
[0006] An air-conditioning system according to an em-
bodiment of the present disclosure includes: an indoor
unit; a distance measurement unit configured to measure
a distance from the indoor unit to a ceiling and a distance
from the indoor unit to a floor; a high ceiling detection
unit configured to detect, in a case where a room has a
plurality of ceilings having different heights, a high ceiling
space based on the distance from the indoor unit to the
ceiling measured by the distance measurement unit, the
high ceiling space being disposed at a position higher
than a ceiling having a lowest height of the plurality of
ceilings; a floor detection unit configured to detect the
floor based on the distance from the indoor unit to the
floor measured by the distance measurement unit and a
distance from the indoor unit to a wall measured by the
distance measurement unit; a temperature measure-
ment unit configured to measure a temperature of the
high ceiling space and a surface temperature of the floor;
a temperature difference calculation unit configured to
calculate a temperature difference between the temper-
ature of the high ceiling space detected by the tempera-
ture measurement unit and the surface temperature of
the floor detected by the temperature measurement unit;
and a controller configured to perform control of gener-
ating a first air flow according to a predetermined oper-
ating condition in a case where the temperature differ-
ence calculated by the temperature difference calcula-
tion unit is less than a first threshold, and to perform con-
trol of generating a second air flow in a case where the
temperature difference is equal to or more than the first
threshold, the second air flow satisfying at least either
one of a condition that the second air flow has a lower
temperature than the first air flow or a condition that the
second air flow has a larger velocity component in a ver-
tical direction than the first air flow.

Advantageous Effects of Invention

[0007] In the case where the air-conditioning system
of the embodiment of the present disclosure detects the
presence of a high ceiling in the room and a difference
is generated between the temperature of air in the vicinity
of the high ceiling and the temperature of air in the vicinity
of floor, the air-conditioning system causes the air in the
vicinity of the high ceiling to be mixed with the air in the
vicinity of the floor to eliminate the above-mentioned tem-
perature difference. Accordingly, it is possible to achieve
an increase in comfort of a person in the room and energy
saving.

Brief Description of Drawings

[0008]

[Fig. 1] Fig. 1 is a diagram showing the configuration
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of an air-conditioning system of Embodiment 1.
[Fig. 2] Fig. 2 is a diagram of a room in which an
indoor unit in Embodiment 1 is installed.
[Fig. 3] Fig. 3 is a diagram showing the structure of
the indoor unit in Embodiment 1.
[Fig. 4] Fig. 4 is a diagram showing the function of a
wind direction adjustment unit in Embodiment 1.
[Fig. 5] Fig. 5 is a diagram showing the structure of
a distance measurement unit in Embodiment 1.
[Fig. 6] Fig. 6 is a diagram showing the configuration
of a controller in Embodiment 1.
[Fig. 7] Fig. 7 is a diagram showing measurement
results from the distance measurement unit in Em-
bodiment 1.
[Fig. 8] Fig. 8 is a flowchart showing the example of
the action of the air-conditioning system of Embod-
iment 1.
[Fig. 9] Fig. 9 is a diagram showing conditions for
implementing a temperature difference reduction
mode in Embodiment 1.
[Fig. 10] Fig. 10 is a diagram showing details of the
conditions for implementing the temperature differ-
ence reduction mode in Embodiment 1.
[Fig. 11] Fig. 11 is a diagram showing control targets
and change values in operation modes in Embodi-
ment 1.
[Fig. 12] Fig. 12 is a diagram showing the function
of the temperature difference reduction mode in Em-
bodiment 1.
[Fig. 13] Fig. 13 is a diagram showing another func-
tion of the temperature difference reduction mode in
Embodiment 1.
[Fig. 14] Fig. 14 is a diagram showing the configu-
ration of a controller in Embodiment 2.
[Fig. 15] Fig. 15 is a flowchart showing the example
of the action of an air-conditioning system of Embod-
iment 2.
[Fig. 16] Fig. 16 is a diagram showing control targets
and change values in operation modes in Embodi-
ment 2.
[Fig. 17] Fig. 17 is a diagram showing the configu-
ration of a controller in Embodiment 3.
[Fig. 18] Fig. 18 is a flowchart showing the example
of the action of an air-conditioning system of Embod-
iment 3.

Description of Embodiments

[0009] Hereinafter, modes for carrying out the present
disclosure will be described with reference to attached
drawings. In the drawings, the same reference symbols
denote identical or corresponding components, and the
repeated description of such components is simplified or
omitted when appropriate. The present disclosure is not
limited to the following embodiments, and includes vari-
ous modifications of the configurations of the following
embodiments without departing from the gist of the
present disclosure.

Embodiment 1

[0010] Fig. 1 is a diagram showing the configuration of
an air-conditioning system 1000 in the present embodi-
ment. The air-conditioning system 1000 is what is called
a heat pump type air-conditioning system of a separate
type. As shown in Fig. 1, the air-conditioning system 1000
includes an indoor unit 100, an outdoor unit 101, and a
terminal 70 that allows a person to operate the air-con-
ditioning system 1000. The indoor unit 100 and the out-
door unit 101 are connected with each other via pipes,
such as copper pipes, thus forming a refrigerant circuit.
For example, hydrofluorocarbons (HFC refrigerants),
such as R32 (difluoromethane), or natural refrigerants,
such as R290 (propane), cycle through the refrigerant
circuit. In the present embodiment, the kind of refrigerant
that flows through the refrigerant circuit is not particularly
limited. Hereinafter, the structures and the functions of
each constitutional element of the air-conditioning sys-
tem 1000 will be described mainly for a heating operation
that easily generates a difference between the temper-
ature of air in a high ceiling space 300 and the temper-
ature of air in the vicinity of a floor 206.
[0011] The outdoor unit 101 includes a compressor 1,
an outdoor heat exchanger 2, an outdoor air sending unit
3, and an expansion valve 4, the compressor 1 com-
pressing refrigerant, the outdoor heat exchanger 2 ex-
changing heat between outside air and the refrigerant,
the outdoor air sending unit 3 sending outside air to the
outdoor heat exchanger 2, the opening degree of the
expansion valve 4 being variable. The compressor 1 and
the outdoor heat exchanger 2 are connected with each
other via a copper pipe or the like, and the outdoor heat
exchanger 2 and the expansion valve 4 are connected
with each other via a copper pipe or the like. The outdoor
unit 101 also includes a controller 50. As will be described
later, the controller 50 includes a high ceiling detection
unit 51, a floor detection unit 52, a temperature difference
calculation unit 53, a storage unit 54, and an operation
control unit 55.
[0012] The indoor unit 100 includes an indoor heat ex-
changer 5, an indoor air sending unit 6, and a wind di-
rection adjustment unit 7, the indoor heat exchanger 5
exchanging heat between indoor air and refrigerant, the
indoor air sending unit 6 sending indoor air to the indoor
heat exchanger 5, the wind direction adjustment unit 7
adjusting the direction of air flow blown out from the in-
door unit. The indoor heat exchanger 5 is connected with
the compressor 1 and the expansion valve 4 of the out-
door unit 101 via copper pipes or the like. The indoor unit
100 also includes a distance measurement unit 10, a
temperature measurement unit 11, and a sucked air tem-
perature measurement unit 12, the distance measure-
ment unit 10 performing distance measurement in a
room, the temperature measurement unit 11 measuring
temperature distribution in the room, the sucked air tem-
perature measurement unit 12 measuring the tempera-
ture of air sucked into the indoor unit 100. The indoor air
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sending unit 6, the wind direction adjustment unit 7, the
distance measurement unit 10, the temperature meas-
urement unit 11, and the sucked air temperature meas-
urement unit 12 are controlled by the controller 50.
[0013] The compressor 1 may be a scroll compressor,
a rotary compressor, or a device that compresses refrig-
erant by another method, for example. The compressor
1 compresses refrigerant vapor at low pressure that flows
into the compressor 1, and the compressor 1 then dis-
charges refrigerant vapor at high temperature and high
pressure. The refrigerant vapor discharged by the com-
pressor 1 flows into the indoor heat exchanger 5 of the
indoor unit 100.
[0014] The indoor heat exchanger 5 causes heat
change to be performed between indoor air and refriger-
ant. During the heating operation, the indoor heat ex-
changer 5 serves as a condenser. The refrigerant vapor
at high temperature and high pressure that flows into the
indoor heat exchanger 5 is condensed, thus being
changed into liquid refrigerant at high pressure. The liquid
refrigerant that flows out from the indoor heat exchanger
5 flows into the expansion valve 4.
[0015] The expansion valve 4 is a pressure reducing
device that can continuously change an opening degree
thereof. The expansion valve 4 reduces the pressure of
the liquid refrigerant that flows into the expansion valve
4 from the indoor heat exchanger 5, thus changing the
liquid refrigerant into two-phase vapor-liquid refrigerant
at low pressure and low temperature. The two-phase re-
frigerant that flows out from the expansion valve 4 flows
into the outdoor heat exchanger 2.
[0016] The outdoor heat exchanger 2 exchanges heat
between outside air and refrigerant. During the heating
operation, the outdoor heat exchanger 2 serves as an
evaporator. The two-phase refrigerant at low tempera-
ture and low pressure that flows into the outdoor heat
exchanger 2 evaporates, thus being changed into refrig-
erant vapor at low pressure. The refrigerant vapor that
flows out from the outdoor heat exchanger 2 flows into
the compressor 1.
[0017] The compressor 1 changes the refrigerant va-
por at low pressure that flows into the compressor 1 into
refrigerant vapor at high temperature and high pressure
again, and discharges the refrigerant vapor at high tem-
perature and high pressure to the indoor heat exchanger
5. Refrigerant cycles between the indoor unit 100 and
the outdoor unit 101 in this manner. That is, when the
air-conditioning system 1000 performs the heating oper-
ation, refrigerant passes and cycles through the com-
pressor 1, the indoor heat exchanger 5, the expansion
valve 4, and the outdoor heat exchanger 2 in this order.
[0018] The outdoor air sending unit 3 may be a propel-
ler fan, for example. The outdoor air sending unit 3 is
disposed in the vicinity of the outdoor heat exchanger 2.
When the outdoor air sending unit 2 is activated, outside
air is sucked into the outdoor unit 101 and passes through
the outdoor heat exchanger 2 and, thereafter, is blown
out from the outdoor unit 101.

[0019] The terminal 70 is a remote operation terminal
that allows a person to operate the air-conditioning sys-
tem 1000. The terminal 70 may be a remote control, a
smartphone, a wearable terminal, or a smart speaker,
for example. The terminal 70 receives information on tar-
get temperature, wind direction settings, time reservation
and the like inputted by a person, and transmits signals
for controlling the air-conditioning system 1000 to an op-
eration control section 55.
[0020] Fig. 2(a) and Fig. 2(b) are diagrams showing
examples of an air-conditioned room, the indoor unit 100
being installed in the room. Fig. 2(a) and Fig. 2(b) show
rooms having the same shape, and each room is a space
surrounded by walls 200, 202, 204 and 205, ceilings 201
and 203, and the floor 206. In Embodiment 1, the ceiling
201 and the ceiling 203 have different heights, and the
ceiling 201 is lower than the ceiling 203. A line 207 is an
extension obtained by horizontally extending the ceiling
201. In the present embodiment, a space surrounded by
the wall 202, the ceiling 203, the wall 204, and the line
207 is defined as the high ceiling space 300. The high
ceiling space 300 is not a space where a person actually
lives, but is a space provided for increasing a sense of
openness in the room or for installing a daylighting win-
dow. The high ceiling space 300 is not a space where a
person lives and hence, it is not necessary to air-condition
the high ceiling space 300. However, in the case where
the air-conditioning system 1000 is activated for the heat-
ing operation, low density warm air tends to stagnate in
the high ceiling space 300. A space surrounded by the
wall 200, the ceiling 201, the line 207, the wall 205, and
the floor 206 is defined as a living space 301.
[0021] In Fig. 2(a), the indoor unit 100 is installed on
the wall 200. Dotted lines L30 and L40 are lines showing
arrival routes of an ultrasonic wave when the angle of
the distance measurement unit 10, which will be de-
scribed later, in the vertical direction is set to 30 degrees
and 40 degrees in the upward direction. In the same man-
ner, dotted lines L-60, L-30, and L-20 are lines showing
arrival routes of an ultrasonic wave when the angle of
the distance measurement unit 10, which will be de-
scribed later, in the vertical direction is set to 60 degrees,
30 degrees, and 20 degrees in the downward direction.
[0022] In the present disclosure, a position where the
indoor unit 100 is installed is not particularly limited. The
indoor unit 100 is installed on the wall 200 in Fig. 2(a).
However, the indoor unit 100 may be installed on the wall
205 as shown in Fig. 2(b). In this case, the example
shown in Fig. 2(a) and the example shown in Fig. 2(b)
differ from each other in a relative position between the
high ceiling space 300 and the indoor unit 100. The indoor
unit 100 may be a wall concealed indoor unit that is con-
cealed in a wall surface as shown in Fig. 2(c), or may be
a floor-mounted indoor unit that is mounted on the floor
206. In the case of the wall concealed indoor unit or the
floor-mounted indoor unit, an air outlet is often formed
on the front surface of the housing of the indoor unit, and
there may also be a case where an air flow can be blown
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out from the air outlet of the indoor unit in the upward
direction. Also in such a case, the same structure and
action of the air-conditioning system 1000, which will be
described below, are adopted.
[0023] In the present disclosure, the use purpose of an
indoor space is not particularly limited provided that the
high ceiling space 300 as described above is present. A
room where the indoor unit 100 is installed may be a
residential living room, an office, or a factory, for example.
A desired wall or ceiling may have a window, a door, or
a ventilating opening, for example.
[0024] Fig. 3 is a diagram showing the structure of the
indoor unit 100 in the present embodiment. The indoor
unit 100 includes a housing 30. The housing 30 has an
air inlet 31 and an air outlet 32. The sucked air temper-
ature measurement unit 12 is attached to the air inlet 31.
The sucked air temperature measurement unit 12 may
be a thermistor, for example. The wind direction adjust-
ment unit 7 is attached to the air outlet 32. The indoor
heat exchanger 5 and the indoor air sending unit 6 are
housed in the housing 30. The distance measurement
unit 10 and the temperature measurement unit 11 are
attached to the right lower portion of the housing 30. A
position where the distance measurement unit 10 and
the temperature measurement unit 11 are attached is not
limited to the above-mentioned right lower portion of the
housing. The distance measurement unit 10 and the tem-
perature measurement unit 11 may be attached to a de-
sired position of the housing 30 or may be concealed in
the housing 30, for example.
[0025] The indoor air sending unit 6 may be a cross
flow fan, for example. The indoor air sending unit 6 is
disposed in the vicinity of the indoor heat exchanger 5.
When the indoor air sending unit 6 is activated, indoor
air is sucked into the indoor unit 100 from the air inlet 31
and passes through the indoor heat exchanger 5 and,
thereafter, is blown into the room from the air outlet 32.
The indoor air sending unit 6 may be a propeller fan or
a sirocco fan, and may be formed by arranging a plurality
of propeller fans or a plurality of sirocco fans.
[0026] The wind direction adjustment unit 7 includes
plate-like flaps and vanes, for example. In Fig. 3, the wind
direction adjustment unit 7 includes flaps 7a, 7b, 7c, and
7d and vanes 7e and 7f. Each of the flaps 7a, 7b, 7c, and
7d has an independent rotating mechanism. When the
flaps 7a, 7b, 7c, and 7d rotate to change the angle of the
flaps 7a, 7b, 7c, and 7d, the direction of an air flow blown
out from the indoor unit 100 changes in the vertical di-
rection. In the same manner, each of the vanes 7e and
7f has an independent rotating mechanism. When the
vanes 7e and 7f rotate to change the angle of the vanes
7e and 7f, the direction of an air flow blown out from the
indoor unit 100 changes in the lateral direction.
[0027] Fig. 4 is a diagram showing a change in angle
of the flaps 7a, 7b, 7c, and 7d. As shown in Fig. 4, the
flaps 7a, 7b, 7c, and 7d are controlled to be at any one
of five levels including "vertical wind direction 1", which
is the horizontal direction, to "vertical wind direction 5",

which is the downward vertical direction. For example,
when the level drops from "vertical wind direction 3" by
one level, the flaps 7a, 7b, 7c, and 7d are controlled to
be in "vertical wind direction 4". With such an operation,
the direction of the air flow blown out from the indoor unit
100 changes in the vertical direction. In Fig. 4, a change
in angle of the flaps 7a, 7b, 7c, and 7d is shown for five
levels. However, a change in angle is not limited to the
five levels, and may be greater than or less than the five
levels. Although not shown in the drawing, the angle of
the vanes 7e and 7f also changes in the lateral direction
in the same manner.
[0028] In the indoor unit 100 having the above-men-
tioned configuration, when the indoor air sending unit 6
is activated, indoor air is sucked from the air inlet 31, and
the air is heated by the indoor heat exchanger 5. The
heated air is blown out from the air outlet 32, and the
wind direction of the air is adjusted by the wind direction
adjustment unit 7. With such operations, the temperature
of indoor air is adjusted, so that air is conditioned by the
heating operation.
[0029] The positions of the air inlet 31 and the positions
of the air outlet 32 are not limited to positions in examples
shown in Fig. 3. For example, the air inlet 31 may be
formed at the lower portion or the side portion of the hous-
ing 30. In the same manner, the air outlet 32 may be
formed at the upper portion or the side portion of the
housing 30. Further, the shape and the number of air
inlets 31 and air outlets 32 may be determined as desired.
For example, an air inlet having a circular shape may be
formed at each of both side portions of the housing 30,
or a plurality of air outlets having different sizes may be
provided side by side at the lower portion of the housing
30. Note that the shapes and the arrangement of the
indoor heat exchanger 5, the indoor air sending unit 6,
and the wind direction adjustment unit 7 may be changed
as desired according to the positions and the shapes of
the air inlet 31 and the air outlet 32.
[0030] The distance measurement unit 10 scans the
room to obtain distance data. It is desirable that the dis-
tance measurement unit 10 perform distance measure-
ment at an angle as wide as possible in the vertical di-
rection by using the indoor unit 100 as a reference. The
distance data measured by the distance measurement
unit 10 are transmitted to the high ceiling detection unit
51, the floor detection unit 52, and the storage unit 54.
Of the above-mentioned distance data, the high ceiling
detection unit 51 particularly analyzes distance data at
the time of the distance measurement unit 10 facing in
the upward direction relative to the horizontal direction.
Based on whether the above-mentioned distance data
can be divided into a plurality of groups, the high ceiling
detection unit 51 detects the presence or absence of the
high ceiling space 300 in the room. When the high ceiling
space 300 is present, the high ceiling detection unit 51
further detects the range of the high ceiling space 300.
Among the distance data measured by the distance
measurement unit 10, the floor detection unit 52 partic-
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ularly analyzes distance data at the time of the distance
measurement unit 10 facing in the downward direction
relative to the horizontal direction. The floor detection
unit 52 detects the range of the floor 206 based on a
tendency of increase and decrease in distance. Details
of a method for analyzing distance data by the high ceiling
detection unit 51 and the floor detection unit 52 will be
described later.
[0031] The distance measurement unit 10 is formed
by an ultrasonic distance sensor (hereinafter referred to
as "ultrasonic sensor") and a driving mechanism, for ex-
ample. The ultrasonic sensor emits an ultrasonic pulse
in a specific direction, and receives a reflected wave re-
flected off a wall, a ceiling, or the like. A period of time
from when the ultrasonic sensor transmits an ultrasonic
pulse to when the ultrasonic sensor receives a reflected
wave is multiplied by a sound speed, and the result is
then divided by 2 to acquire information on the distance
from the ultrasonic sensor to the wall or the ceiling. The
distance measurement unit 10 may be formed by a laser
distance sensor or an infrared distance sensor and the
driving mechanism.
[0032] The ultrasonic sensor is rotatable at least in the
vertical direction by the driving mechanism. The driving
mechanism may be a stepping motor, for example, and
the motor shaft of the driving mechanism extends in the
horizontal direction. The ultrasonic sensor is attached to
the motor shaft via a support part. Fig. 5 is a diagram
schematically showing one example of the driving mech-
anism. In Fig. 5, a support part 23 is attached to a motor
shaft 22 extending from a motor body 21, and an ultra-
sonic sensor 24 is attached to the support part 23. Such
a driving mechanism allows the ultrasonic sensor 24 to
rotate in the vertical direction.
[0033] When another stepping motor is added to the
configuration of the distance measurement unit 10 shown
in Fig. 5, the ultrasonic sensor can be rotated in the ver-
tical direction and the lateral direction. If the ultrasonic
sensor is rotatable in the vertical direction and the lateral
direction, it is possible to detect the presence or absence
of the high ceiling space 300 in the room more surely.
Accordingly, such a configuration is desirable. Hereinaf-
ter, a description will be made assuming that the ultra-
sonic sensor is rotatable in the vertical direction and the
lateral direction.
[0034] The temperature measurement unit 11 scans
the room to measure the temperature distribution of the
floor, the wall, and the ceiling. The temperature meas-
urement unit 11 measures at least the temperature of the
floor 206 and the temperature in a range including the
ceiling 203 and the wall 204, which form the high ceiling
space 300. In the case where the temperature measure-
ment unit 11 measures the temperature of the wall 204,
it is desirable that the temperature measurement unit 11
measure the temperature of the wall 204 at a position as
high as possible. The reason is to allow the temperature
difference calculation unit 53, which will be described lat-
er, to calculate a temperature difference in the room in

the vertical direction more surely. At this point of opera-
tion, it is considered that the temperature of the ceiling
203 and the temperature of the wall 204 are substantially
equal to the temperature of air in the high ceiling space
300, and the temperature of the floor 206 is substantially
equal to the temperature of air in the vicinity of the floor
206. The temperature measurement unit 11 transmits
information on the measured temperature distribution to
the temperature difference calculation unit 53 and the
storage unit 54. The temperature difference calculation
unit 53 calculates a temperature difference between the
high ceiling space 300 and the floor 206.
[0035] The temperature measurement unit 11 is
formed by a thermopile, where infrared sensors are ar-
ranged in a lattice shape, and a driving mechanism, for
example. The thermopile measures a temperature based
on infrared rays emitted from the floor, the wall, and the
ceiling. The temperature measurement unit 11 may be
formed by a non-cooled infrared image sensor or the like
and a driving mechanism.
[0036] The driving mechanism of the temperature
measurement unit 11 may be a mechanism equivalent
to the driving mechanism of the distance measurement
unit 10 shown in Fig. 5, and the distance measurement
unit 10 and the temperature measurement unit 11 may
share one driving mechanism. Fig. 2(a), Fig. 2(b), and
Fig. 3 show examples where the distance measurement
unit 10 and the temperature measurement unit 11 are
driven by one driving mechanism. Hereinafter, the de-
scription will be made assuming that the distance meas-
urement unit 10 and the temperature measurement unit
11 share one driving mechanism that can be driven in
the vertical direction and the lateral direction.
[0037] The sucked air temperature measurement unit
12 is attached to the indoor unit 100 at a position between
the air inlet 31 and the indoor heat exchanger 5. The
sucked air temperature measurement unit 12 measures
the temperature of indoor air sucked from the air inlet 31.
The sucked air temperature measurement unit 12 trans-
mits information on the measured temperature to the
storage unit 54 and the operation control unit 55.
[0038] The controller 50 includes, for example, a cen-
tral processing unit (CPU), a storage medium, such as a
read only memory (ROM), which stores a control pro-
gram, a working memory, such as a random access
memory (RAM), and a signal circuit through which a sig-
nal is transmitted to and received from the CPU, the
ROM, and the RAM.
[0039] The controller 50 may also include a communi-
cation unit for communicating with an external cloud serv-
er. In this case, the controller 50 can transmit and receive
various information to and from the cloud server via the
above-mentioned communication unit. Specifically, the
controller 50 receives updated data of the control pro-
gram from the cloud server, and transmits information on
the operation history of the air-conditioning system 1000
to the cloud server.
[0040] The controller 50 receives measurement results
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from the distance measurement unit 10, the temperature
measurement unit 11, and the sucked air temperature
measurement unit 12, and the result of inputs performed
by a person to the terminal 70. The controller 50 stores
a control program by which the function of the air-condi-
tioning system 1000 is exhibited. Based on the above-
mentioned received result and the above-mentioned
control program, the controller 50 issues an instruction
to activate the compressor 1, the outdoor air sending unit
3, the expansion valve 4, the indoor air sending unit 6,
and the wind direction adjustment unit 7.
[0041] Fig. 6 is a diagram showing the configuration of
the controller 50. The controller 50 includes the high ceil-
ing detection unit 51, the floor detection unit 52, the tem-
perature difference calculation unit 53, the storage unit
54, and the operation control unit 55.
[0042] The high ceiling detection unit 51 detects the
presence or absence of the high ceiling space 300 based
on distance data measured by the distance measure-
ment unit 10. When the high ceiling space 300 is present,
the high ceiling detection unit 51 further detects the range
of the high ceiling space 300. The high ceiling detection
unit 51 transmits the result of the above-mentioned
processing to the temperature difference calculation unit
53, the storage unit 54 and the operation control section
55.
[0043] The high ceiling detection unit 51 detects the
presence or absence of the high ceiling space 300 by
the following method, for example. First, the high ceiling
detection unit 51 extracts, from the distance data meas-
ured by the distance measurement unit 10, distance data
at the time of the distance measurement unit 10 being at
an upward angle in the vertical direction. In Embodiment
1, the phrase "the distance measurement unit 10 being
at an upward angle in the vertical direction" refers to the
distance measurement unit 10 being at an upward angle
relative to the horizontal direction. The high ceiling de-
tection unit 51 detects the presence or absence of the
high ceiling space 300 based on whether the extracted
data contain data groups that are significantly different
from each other.
[0044] Fig. 7(a) and Fig. 7(b) are examples of distance
data obtained by extracting, from the distance data meas-
ured by the distance measurement unit 10, distance data
at the time of the distance measurement unit 10 being at
an upward angle in the vertical direction. In Fig. 7(a) and
Fig. 7(b), 0 degrees of the angle of the distance meas-
urement unit 10 in the lateral direction refers to the front
direction of the indoor unit 100. In the example shown in
Fig. 7(a), a distance is large when the angle of the dis-
tance measurement unit 10 in the vertical direction is
equal to or less than 30 degrees, and a distance is small
when the angle of the distance measurement unit 10 in
the vertical direction is greater than 30 degrees. The rea-
son is as follows. As shown in Fig. 2(a), when the angle
of the distance measurement unit 10 in the vertical direc-
tion is 30 degrees, the distance measurement unit 10
measures the distance from the indoor unit 100 to the

wall 204 as shown by the line L30 and, when the angle
of the distance measurement unit 10 in the vertical direc-
tion is greater than 30 degrees, the distance measure-
ment unit 10 measures the distance to the ceiling 201 as
shown by the line L40. In the case where the high ceiling
space 300 is present, distance data can be classified into
groups that are significantly differ from each other based
on a change in angle of the distance measurement unit
10 in the vertical direction as described above. The high
ceiling detection unit 51 detects the presence of the high
ceiling space 300 in this manner.
[0045] Fig. 7(b) is an example of distance data ob-
tained by partially extracting distance data from the dis-
tance data measured by the distance measurement unit
10 in the case where the high ceiling space 300 is present
above the indoor unit 100 as shown in Fig. 2(b). In Fig.
7(a) and Fig. 7 (b), each of the angle of the distance
measurement unit 10 in the lateral direction and the angle
of the distance measurement unit 10 in the vertical direc-
tion changes in increments of 10 degrees within a range
from 0 degrees to 80 degrees. However, the measure-
ment range and the measurement interval of the distance
measurement unit 10 are not limited to the above.
[0046] It is possible to set any criterion for determining
whether the distance data measured by the distance
measurement unit 10 can be classified into a plurality of
significant groups. For example, it may be determined
that the distance data measured by the distance meas-
urement unit 10 can be classified into a plurality of sig-
nificant groups when distance data shown in Fig. 7(a)
and Fig. 7(b) are arranged in descending order of values
and when there is a decrease of equal to or more than a
predetermined value (for example 100 [cm]) between Nth
(N being an integer) distance data, counted from the top,
and N+1 th distance data.
[0047] Due to erroneous measurement by the distance
measurement unit 10, extremely large or small distance
data or intermediate distance data between the distance
from the indoor unit 100 to the high ceiling space 300
and the distance from the indoor unit 100 to the ceiling
201 may be measured. In this case, there is a possibility
of the presence or absence of the high ceiling space 300
being erroneously detected. To reduce an influence of
erroneous measurement, the high ceiling detection unit
51 may select distance data by the following method, for
example. The high ceiling detection unit 51 selects one
distance data from distance data extracted as shown in
Fig. 7(a) and Fig. 7(b). When there is no different distance
data having a difference of a predetermined value (for
example 50 [cm]) or less from such distance data, it is
assumed that the selected distance data is caused by
erroneous measurement. The distance data that is as-
sumed to be caused by the erroneous measurement is
removed, and it is then determined whether the distance
data other than the removed distance data can be clas-
sified into a plurality of significant groups by the above-
mentioned method.
[0048] The method described above is one example
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of a method for detecting the presence or absence of the
high ceiling space 300 with the high ceiling detection unit
51. The high ceiling detection unit 51 may detect the pres-
ence or absence of the high ceiling space 300 by a meth-
od other than the method described above. For example,
a method for detecting the presence or absence of a
stepped portion on a floor surface from distance data is
disclosed as a known technique. However, it is also pos-
sible to detect the presence or absence of the high ceiling
space 300 by applying substantially the same method to
the air-conditioning system 1000.
[0049] The high ceiling detection unit 51 also detects
the range of the high ceiling space 300 in the lateral di-
rection. Specifically, the high ceiling detection unit 51 de-
tects the range of the high ceiling space 300 based on
the distance to the boundary between the ceiling 201 and
the high ceiling space 300 when viewed from the indoor
unit 100 and the distance from the indoor unit 100 to the
wall 205. First, the high ceiling detection unit 51 calcu-
lates the distance from the indoor unit 100 to the bound-
ary between the ceiling 201 and the high ceiling space
300 in each of the leftward direction and the rightward
direction by the following calculation formula (i). 

[0050] In the calculation formula (i), "α" denotes the
angle of the distance measurement unit 10 in the vertical
direction at a point immediately after the ceiling 201 is
switched to the high ceiling space 300, and α is 40 de-
grees in Fig. 7(a). Further, "D" denotes distance data in
such a case. In Fig. 7(a), when the angle of the distance
measurement unit 10 in the lateral direction is 0 degrees,
the calculation result of the calculation formula (i) is 133
[cm] (175 3 cos40 degrees). In this case, the high ceiling
detection unit 51 calculates that, in the front direction of
the indoor unit 100, the distance from the indoor unit 100
to the boundary between the ceiling 201 and the high
ceiling space 300 is equal to or more than 133 [cm].
[0051] Also for directions other than the front direction
of the indoor unit 100, the distance to the boundary be-
tween the ceiling 201 and the high ceiling space 300 is
calculated by substantially the same method. In the
above-mentioned method, to be more precise, the dis-
tance to a point slightly in front of the boundary between
the ceiling 201 and the high ceiling space 300 is calcu-
lated. Accordingly, a value obtained by adding a prede-
termined value (for example 30 [cm]) to the above-men-
tioned calculation result may be used as the distance to
the boundary between the ceiling 201 and the high ceiling
space 300.
[0052] The high ceiling detection unit 51 further ac-
quires information on the distance from the indoor unit
100 to the wall 205 from distance data at the time of the
distance measurement unit 10 being at 0 degrees in the
vertical direction. In Fig. 7(a), the distance from the indoor
unit 100 to the wall 205 is 525 [cm]. The high ceiling

detection unit 51 detects the range of the high ceiling
space 300 by subtracting the above-mentioned distance
to the boundary between the ceiling 201 and the high
ceiling space 300 from the above-mentioned distance to
the wall 205.
[0053] For the method for detecting the range of the
high ceiling space 300 with the high ceiling detection unit
51, it is also possible to use a method other than the
method described above. For example, as a known tech-
nique, a method is disclosed where a recessed portion
on a floor surface is detected from distance data and the
size of the recessed portion is detected. It is also possible
to detect the range of the high ceiling space 300 by ap-
plying substantially the same method as the above-men-
tioned method to the air-conditioning system 1000.
[0054] The floor detection unit 52 identifies the bound-
ary between the floor 206 and the wall 205 based on
distance data in the room measured by the distance
measurement unit 10, and detects the range of the floor
206 in the lateral direction. Specifically, the floor detection
unit 52 extracts, from the distance data measured by the
distance measurement unit 10, distance data at the time
of the distance measurement unit 10 being at a downward
angle in the vertical direction. In Embodiment 1, the
phrase "the distance measurement unit 10 being at a
downward angle in the vertical direction" refers to the
distance measurement unit 10 being at a downward an-
gle relative to the horizontal direction. The floor detection
unit 52 detects, when the lateral direction is fixed and the
angle of the distance measurement unit 10 is changed
toward the upward direction from the downward direction,
the range where the distance from the indoor unit 100
continues to increase as the floor 206. The floor detection
unit 52 transmits the result of the above-mentioned
processing to the temperature difference calculation unit
53, the storage unit 54, and the operation control section
55.
[0055] The above-mentioned method will be described
with reference to the example shown in Fig. 2(a). When
the angle of the distance measurement unit 10 changes
from 60 degrees in the downward direction to 30 degrees
in the downward direction, for example, the distance from
the indoor unit 100 increases as shown by the line L-60
and the line L-30. In contrast, when the angle of the dis-
tance measurement unit 10 reaches 20 degrees in the
downward direction, the distance from the indoor unit 100
starts to decrease as shown by the line L-20. Therefore,
it is possible to detect that, as viewed from the distance
measurement unit 10, the boundary between the floor
206 and the wall 205 is present between 30 degrees in
the downward direction and 20 degrees in the downward
direction, and a range up to at least 30 degrees in the
downward direction is the floor 206.
[0056] In the same manner as the case where the pres-
ence or absence of the high ceiling space 300 is detected,
a method for detecting the range of a floor by using dis-
tance data is disclosed as a known technique. The floor
detection unit 52 may detect the range of the floor 206
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by using such a known technique.
[0057] The floor detection unit 52 may detect the range
of the floor 206 by the following method. The floor detec-
tion unit 52 detects the range of the floor 206 based on
the temperature data measured by the temperature
measurement unit 11. It is known that, in a general build-
ing, the temperature distribution of a floor has a pattern
different from the pattern of the temperature distribution
of a wall. For example, it is known that a floor often has
substantially uniform temperature distribution, but a wall
is less likely to have uniform temperature distribution.
There is a known technique that identifies a floor by mak-
ing use of such a difference in pattern. Also in the present
embodiment, the range of the floor 206 may be detected
by using substantially the same method.
[0058] The temperature difference calculation unit 53
acquires information on the temperature of the high ceil-
ing space 300 and the temperature of the floor 206 from
the results of processing performed by the high ceiling
detection unit 51 and the floor detection unit 52 and tem-
perature data measured by the temperature measure-
ment unit 11. Next, an indoor temperature difference is
calculated by subtracting the above-mentioned temper-
ature of the floor 206 from the above-mentioned temper-
ature of the high ceiling space 300. The temperature dif-
ference calculation unit 53 transmits information on the
calculated indoor temperature difference to the storage
unit 54 and the operation control unit 55.
[0059] In the case where the temperature measure-
ment unit 11 measures the temperature of the high ceiling
space 300 at a plurality of positions on the ceiling 203
and the wall 204, the temperature difference calculation
unit 53 may use the average value or the center value of
the plurality of measurement results as the temperature
of the high ceiling space 300. Further, processing may
be performed where a standard deviation is calculated
from the plurality of measurement results, a condition (for
example, a difference from the average value is three or
more times the standard deviation) is decided based on
the standard deviation, values considered, under this
condition, to be caused by erroneous measurement are
eliminated, and an average value is calculated in such a
state. In the case where the temperature of the floor 206
is measured at a plurality of positions, so that a plurality
of measurement results are provided, the above-men-
tioned processing may be applied to the temperatures of
the floor 206.
[0060] The storage unit 54 stores a control program
that activates the air-conditioning system 1000. More
specifically, the storage unit 54 stores a program that
activates the compressor 1, the outdoor air sending unit
3, the expansion valve 4, the indoor air sending unit 6,
the wind direction setting unit 7, the distance measure-
ment unit 10, the temperature measurement unit 11, and
the sucked air temperature measurement unit 12. In ad-
dition to the above, the storage unit 54 also stores the
measurement results from the distance measurement
unit 10, the temperature measurement unit 11, and the

sucked air temperature measurement unit 12, the results
of processing performed by the high ceiling detection unit
51, the floor detection unit 52, and the temperature dif-
ference calculation unit 53, and the result of inputs per-
formed by a person to the terminal 70.
[0061] To control the operation action of the air-condi-
tioning system 1000 in general, the operation control unit
55 issues instructions to respective elements constituting
the air-conditioning system 1000. Specifically, the oper-
ation control unit 55 issues an instruction to the compres-
sor 1, the outdoor air sending unit 3, the expansion valve
4, the indoor air sending unit 6, the wind direction adjust-
ment unit 7, the distance measurement unit 10, the tem-
perature measurement unit 11, and the sucked air tem-
perature measurement unit 12. With such an operation,
the elements constituting the air-conditioning system
1000 are activated, so that the functions of the air-con-
ditioning system 1000 are exhibited.
[0062] At this point of operation, the contents of the
instruction issued by the operation control unit 55 are
determined based on at least the results of the processing
performed by the high ceiling detection unit 51, the floor
detection unit 52, and the temperature difference calcu-
lation unit 53, the inputs performed by a person to the
terminal 70, and the control program stored in the storage
unit 54.
[0063] Subsequently, the action of the air-conditioning
system 1000 will be described. Fig. 8 is a flowchart show-
ing an example of the action of the air-conditioning sys-
tem 1000. The repeated description will be simplified or
omitted when appropriate.
[0064] The action of the air-conditioning system 1000
shown in Fig. 8 is started when an instruction to start the
heating operation is inputted to the terminal 70 by a per-
son. At this point of operation, at least a target tempera-
ture for temperature adjustment of indoor air is specified
by the person. The target temperature is stored in the
storage unit 54. Immediately after such an operation,
S101 is started.
[0065] In S101, the sucked air temperature measure-
ment unit 12 measures the temperature of indoor air
sucked into the indoor unit 100. The temperature meas-
ured by the sucked air temperature measurement unit
12 is stored in the storage unit 54.
[0066] In S102, the high ceiling detection unit 51 de-
tects the presence or absence of the high ceiling space
300, and detects the range of the high ceiling space 300.
Further, the floor detection unit 52 detects the range of
the floor 206. First, the distance measurement unit 10
scans the room to obtain distance data. The obtained
distance data are transmitted to the high ceiling detection
unit 51 and the floor detection unit 52.
[0067] Next, the high ceiling detection unit 51 analyzes
the above-mentioned distance data. Specifically, the
high ceiling detection unit 51 extracts, from the above-
mentioned distance data, data at the time of the distance
measurement unit 10 being at an upward angle in the
vertical direction, and detects the presence or absence
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of the high ceiling space 300 based on whether such
extracted data can be classified into a plurality of signif-
icant groups. When the high ceiling space 300 is present,
the high ceiling detection unit 51 also detects the range
of the high ceiling space 300 based on the distance from
the indoor unit 100 to the wall 205 and the distance from
the indoor unit 100 to the boundary between the ceiling
201 and the high ceiling space 300.
[0068] Also when the high ceiling space 300 is not
present in the room in S102 and the ceiling has a single
height, the air-conditioning system 1000 continues the
action. The case where the high ceiling space 300 is
present and the case where the high ceiling space 300
is not present have common action of the air-conditioning
system 1000 and hence, only necessary portions will be
described hereinafter.
[0069] Then, the floor detection unit 52 detects the
range of the floor 206. The floor detection unit 52 identi-
fies the range of the floor 206 from the distance data
measured by the distance measurement unit 10. Specif-
ically, the floor detection unit 52 extracts data at the time
of the distance measurement unit 10 being at a downward
angle in the vertical direction, and detects, when the an-
gle of the distance measurement unit 10 in the vertical
direction is changed toward the upward direction, the
range where the distance from the indoor unit 100 con-
tinues to increase as the floor 206. The results of the
processing performed by the high ceiling detection unit
51 and the floor detection unit 52 are transmitted to the
temperature difference calculation unit 53, the storage
unit 54, and the operation control unit 55.
[0070] In S103, the temperature measurement unit 11
scans the room to measure temperature distribution. The
temperature measurement unit 11 measures at least the
temperature of the high ceiling space 300 and the tem-
perature of the floor 206. The temperature data meas-
ured by the temperature measurement unit 11 are trans-
mitted to the temperature difference calculation unit 53,
the storage unit 54, and the operation control unit 55.
[0071] When the high ceiling space 300 is not present,
the temperature measurement unit 11 measures the tem-
perature of the ceiling. In the case where the temperature
of the high ceiling space 300 is used for the action of the
air-conditioning system 1000 in S111, which will be de-
scribed later, the above-mentioned temperature of the
ceiling is used instead.
[0072] In S104, the temperature difference calculation
unit 53 calculates an indoor temperature difference being
a temperature difference between the high ceiling space
300 and the floor 206. The temperature difference cal-
culation unit 53 extracts the temperature of the high ceil-
ing space 300 and the temperature of the floor 206 from
the results of the processing performed by the high ceiling
detection unit 51 and the floor detection unit 52 and the
measurement result from the temperature measurement
unit 11. The temperature difference calculation unit 53
calculates an indoor temperature difference by subtract-
ing the extracted temperature of the floor 206 from the

extracted temperature of the high ceiling space 300. The
information on the calculated indoor temperature differ-
ence is transmitted to the storage unit 54 and the oper-
ation control unit 55.
[0073] When the high ceiling space 300 is not present
in the room, an indoor temperature difference is calcu-
lated by subtracting the temperature of the floor from the
temperature of the ceiling. In S112 and the like, which
will be described later, an indoor temperature difference
when the high ceiling space 300 is present and an indoor
temperature difference when the high ceiling space 300
is not present are not distinguished from each other in
terms of the action of the air-conditioning system 1000.
[0074] In S105, the operation control unit 55 deter-
mines whether it is necessary to perform temperature
adjustment in the room. First, the sucked air temperature
measurement unit 12 measures the temperature of in-
door air sucked into the indoor unit 100. The information
on the measured temperature is transmitted to the stor-
age unit 54 and the operation control unit 55. Next, the
operation control unit 55 refers to the storage unit 54 and
compares the target temperature that is set at the time
of start with the temperature of indoor air measured in
S101. When the temperature of indoor air is less than
the target temperature, the operation control unit 55 de-
termines that temperature adjustment is necessary, and
the process proceeds to S106. In contrast, when the tem-
perature of indoor air is equal to or more than the target
temperature, the operation control unit 55 determines
that temperature adjustment is not necessary, and the
process proceeds to S107.
[0075] In S106, the operation control unit 55 causes
the air-conditioning system 1000 to activate for a tem-
perature adjustment heating operation. In the tempera-
ture adjustment heating operation, the operation control
unit 55 causes the compressor 1, the outdoor air sending
unit 3, the expansion valve 4, the indoor air sending unit
6, and the wind direction adjustment unit 7 to activate to
supply air into the room, the air being heated to cause
the temperature of the room to be equal to the target
temperature.
[0076] In S107, the operation control unit 55 causes
the air-conditioning system 1000 to activate for a non-
temperature adjustment operation. The non-temperature
adjustment operation may be an air sending operation,
for example. In the air sending operation, the operation
control unit 55 causes only the indoor air sending unit 6
and the wind direction adjustment unit 7 to be activated.
With such an operation, an air flow with a temperature
equal to the temperature of indoor air is blown out from
the indoor unit 100.
[0077] In S108, the operation control unit 55 causes
the air-conditioning system 1000 to continue the opera-
tion performed in S106 or S107 for a predetermined pe-
riod of time. In Embodiment 1, the predetermined period
of time is a desired period of time, and may be 10 sec-
onds, 1 minute, or 10 minutes, for example. After the
lapse of the predetermined period of time, the process
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proceeds to S109.
[0078] In S109, the sucked air temperature measure-
ment unit 12 again measures the temperature of indoor
air sucked into the indoor unit 100. The information on
the measured temperature is transmitted to the storage
unit 54 and the operation control unit 55. At this point of
operation, the storage unit 54 stores both the tempera-
ture measured in S101 and the temperature measured
in S109.
[0079] In S110, the operation control unit 55 deter-
mines whether the air-conditioning system 1000 is in a
state activated for the temperature adjustment heating
operation. Specifically, the operation control unit 55 de-
termines whether the air-conditioning system 1000 is in
a state activated for the temperature adjustment heating
operation by referring to the control state of the compres-
sor 1 or the like. When it is determined that the air-con-
ditioning system 1000 is in a state activated for the tem-
perature adjustment heating operation, the process pro-
ceeds to S111. In contrast, when it is determined that the
air-conditioning system 1000 is not activated for the tem-
perature adjustment heating operation, the process pro-
ceeds to S120.
[0080] In S111, the temperature measurement unit 11
again measures the temperature of the high ceiling space
300 and the temperature of the floor 206. At this point of
operation, it is desirable that the positions where the tem-
perature of the high ceiling space 300 and the tempera-
ture of the floor 206 are measured be equal to the posi-
tions where the temperatures are measured in S103. The
information on the measured temperature is transmitted
to the storage unit 54 and the operation control unit 55.
[0081] In S112, the temperature difference calculation
unit 53 calculates a change over time in indoor temper-
ature difference. First, the temperature difference calcu-
lation unit 53 subtracts the temperature of the floor 206
measured in S111 from the temperature of the high ceil-
ing space 300 measured in S111 to calculate an indoor
temperature difference. The temperature difference cal-
culation unit 53 compares this indoor temperature differ-
ence with the indoor temperature difference stored in the
storage unit 54 and calculated in S104 to calculate the
change over time in indoor temperature difference.
[0082] More specifically, the temperature difference
calculation unit 53 calculates the change over time in
indoor temperature difference by the following calcula-
tion formula (ii) with the indoor temperature difference
calculated based on the temperatures measured in S111
being taken as ΔT(n+1), the indoor temperature differ-
ence calculated in S104 being taken as ΔT(n), the clock
time at which ΔT(n+1) is calculated being taken as t(n+1),
and the clock time at which ΔT(n) is calculate being taken
as t(n). 

[0083] The information on the calculated change over

time in indoor temperature difference is transmitted to
the storage unit 54 and the operation control unit 55.
[0084] In S113, the operation control unit 55 deter-
mines whether the change over time in indoor tempera-
ture difference calculated in S112 is equal to or more
than a predetermined first threshold ΔTh1. When the
change over time in indoor temperature difference is
equal to or more than ΔTh1, the process proceeds to
S117. In S117, the air-conditioning system 1000 is acti-
vated in a temperature difference reduction mode 1. De-
tails of the temperature difference reduction mode 1 will
be described later. In contrast, when the change over
time in indoor temperature difference is less than ΔTh1,
the process proceeds to S114.
[0085] In S114, the operation control unit 55 deter-
mines whether the change over time in indoor tempera-
ture difference calculated in S112 is equal to or more
than a predetermined second threshold ΔTh2. The sec-
ond threshold ΔTh2 is smaller than the first threshold
ΔTh1. When the change over time in indoor temperature
difference is equal to or more than ΔTh2, the process
proceeds to S118. In S118, the air-conditioning system
1000 is activated in a temperature difference reduction
mode 2. Details of the temperature difference reduction
mode 2 will be described later. In contrast, when the
change over time in indoor temperature difference is less
than ΔTh2, the process proceeds to S115.
[0086] In S115, the operation controller 54 determines
whether the indoor temperature difference calculated in
S112 is equal to or more than a predetermined third
threshold ΔTs1. When the indoor temperature difference
is equal to or more than ΔTs1, the process proceeds to
S119. In S119, the air-conditioning system 1000 is acti-
vated in a temperature difference reduction mode 3. De-
tails of the temperature difference reduction mode 3 will
be described later. In contrast, when the indoor temper-
ature difference is less than ΔTs1, the process proceeds
to S116.
[0087] S113, S114, and S115 described above are
processing performed for detecting whether a tempera-
ture difference between the high ceiling space 300 and
the floor 206 increases with the lapse of period of time
and for detecting a speed of an increase in temperature
difference in the case where the temperature difference
increases. For example, in S113, it is determined whether
the indoor temperature difference increases rapidly. In
contrast, in S114, it is determined whether the indoor
temperature difference gradually increases and, in S115,
it is determined whether the current indoor temperature
difference is not increased. The reason is that, as will be
described later, such processing is performed to change
the action of the air-conditioning system 1000 according
to the degree of increase in indoor temperature differ-
ence. It is not always necessary to perform processing
in S113, S114, and S115 at three levels. However, it is
possible to control the air-conditioning system 1000 de-
pending on the state of the room and hence, it is desirable
that the processing be performed at a plurality of levels.
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[0088] In S116, the operation control unit 55 causes
the air-conditioning system 1000 to activate for the tem-
perature adjustment heating operation. The action of the
air-conditioning system 1000 in S116 is equal to the ac-
tion in S106. In S116, processing in S105 may be per-
formed based on the temperature of indoor air measured
in S109 and the target temperature determined at the
time of start. In this case, the non-temperature adjust-
ment operation may be performed according to the result
of the processing.
[0089] After S116, S117, S118, or S119 is performed,
the action of the air-conditioning system 1000 returns to
S109 after the lapse of a predetermined period of time.
After the action of the air-conditioning system 1000 re-
turns to S109, the air-conditioning system 1000 repeats
the action described above.
[0090] When the operation control unit 55 determines
in S110 that the air-conditioning system 1000 is not ac-
tivated for the temperature adjustment heating operation,
the process proceeds to S120. In S120, it is determined
whether the temperature of indoor air measured in S109
in the last cycle is less than the temperature of indoor air
measured one cycle earlier. For example, in the case
where S109 is performed three times in total, it is deter-
mined whether the temperature of indoor air measured
in S109 in a third cycle is less than the temperature of
indoor air measured in S109 in a second cycle. When
the temperature of indoor air measured in S109 in the
last cycle is less than the temperature of indoor air meas-
ured one cycle earlier, the process proceeds to S121. In
contrast, when the temperature of indoor air measured
in S109 in the last cycle is not less than the temperature
of indoor air measured one cycle earlier, the process pro-
ceeds to S111. The action of the air-conditioning system
1000 following after S111 is as described above.
[0091] In S121, the operation control unit 55 causes
the air-conditioning system 1000 to activate for a tem-
perature-adjustment-preferential heating operation. In
the temperature-adjustment-preferential heating opera-
tion, priority is placed on causing the temperature of in-
door air to reach the target temperature. Details of the
temperature-adjustment-preferential heating operation
will be described later. After S121 is performed, the proc-
ess returns to S109.
[0092] Subsequently, the temperature difference re-
duction modes 1 to 3 performed in S117, S118, and S119,
and the temperature-adjustment-preferential heating op-
eration performed in S121 will be described. The tem-
perature difference reduction modes 1 to 3 are performed
in S117, S118, and S119 to reduce the indoor tempera-
ture difference. As described above, which of S117,
S118, or S119 is performed depends on the determina-
tion result in S113, S114, and S115. In the temperature-
adjustment-preferential heating operation, causing the
temperature of the room to reach the target temperature
has priority over a reduction in indoor temperature differ-
ence.
[0093] Fig. 9 is a diagram showing determination con-

ditions in S113 in which the temperature difference re-
duction mode 1 is implemented. Fig. 10 is a diagram
showing conditions of the relationship between indoor
temperature difference and period of elapsed time, the
temperature difference reduction modes 1 to 3 being im-
plemented under the conditions. Fig. 11 is a diagram
showing the temperature difference reduction modes 1
to 3, the conditions under which the temperature-adjust-
ment-preferential heating operation is implemented, con-
trol targets in respective operations, and control contents.
Hereinafter, conditions under which the respective oper-
ation modes are implemented will be described in detail
and, thereafter, the temperature difference reduction
modes 1 to 3, control targets in the temperature-adjust-
ment-preferential heating operation, and control contents
will be described.
[0094] Fig. 9 is a diagram showing period of time from
when the heating operation is started by a person, tem-
perature of the high ceiling space 300, temperature of
the floor 206, and indoor temperature difference. Fig. 9
also shows a change in indoor temperature difference
per hour that can be obtained from the above-mentioned
values.
[0095] In Fig. 9, an indoor temperature difference is
1.5 degrees C when the heating operation is started. The
indoor temperature difference becomes 2.0 degrees C
after 15 minutes from the start of the heating operation.
The indoor temperature difference becomes 2.5 degrees
C after 30 minutes from the start of the heating operation.
A change in indoor temperature difference per hour is
2.0 degrees C/h. For example, provided that the first
threshold ΔTh1 is 1.5 degrees C/h, the above-mentioned
change over time in indoor temperature difference is
greater than ΔTh1. When such a condition is satisfied,
the temperature difference reduction mode 1 is per-
formed. Values shown in Fig. 9 are merely examples,
and conditions under which the temperature difference
reduction mode 1 is implemented are not limited to the
examples shown in Fig. 9. For example, the above-men-
tioned determination may be made by comparing the in-
door temperature difference at one hour from the start of
the heating operation with the indoor temperature differ-
ence at two hours from the start of the heating operation.
The temperature difference reduction mode 2 is per-
formed when the change over time in indoor temperature
difference is equal to or more than the second threshold
ΔTh2.
[0096] Fig. 10 is a diagram showing the relationship
between period of time from when the heating operation
is started by a person and indoor temperature difference.
A line S1 in Fig. 10 shows a case where an indoor tem-
perature difference rapidly increases with a period of
time, and a line S2 in Fig. 10 shows a case where an
indoor temperature difference gradually increases. Fur-
ther, a line S11 shows a case where a change over time
in indoor temperature difference is equal to ΔTh1, and a
line S12 shows a case where a change over time in indoor
temperature difference is equal to ΔTh2.
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[0097] In Fig. 10, an indoor temperature difference rap-
idly increases in a region A1, shown by light hatching,
which is disposed above the line S11. In the case where
the indoor temperature difference changes as shown by
the line S1, the change over time in indoor temperature
difference is greater than ΔTh1 and hence, the temper-
ature difference reduction mode 1 is performed. In con-
trast, an indoor temperature difference gradually increas-
es in a region A2, shown by dark hatching, which is sand-
wiched between the line S11 and the line S12. In this
case, the change over time in indoor temperature differ-
ence is less than ΔTh1 and is greater than ΔTh2. There-
fore, when the indoor temperature difference changes
as shown by line S2, the temperature difference reduc-
tion mode 2 is performed. Further, in the case where the
indoor temperature difference changes within a region
A3 disposed below the line S12, the temperature differ-
ence reduction mode 3 or the temperature adjustment
heating operation is implemented.
[0098] The region A3 merely shows a case where a
change over time in indoor temperature difference is
small, and the region A3 does not intend to show a case
where there is no indoor temperature difference. The
temperature difference reduction mode 3 is performed
when there is a small change over time in indoor tem-
perature difference and the indoor temperature differ-
ence itself is equal to or more than the third threshold
ΔTs1. Different from the above-mentioned conditions for
implementing the temperature difference reduction
modes 1 to 3, the temperature-adjustment-preferential
heating operation is performed in the case where the
temperature of indoor air drops with a period of time when
a change over time in temperature of indoor air, meas-
ured by the sucked air temperature measurement unit
12, is referred to.
[0099] Subsequently, control targets and control con-
tents in the temperature difference reduction modes 1 to
3 and the temperature-adjustment-preferential heating
operation will be described with reference to Fig. 11. In
the temperature difference reduction mode 1 in S117,
the operation control unit 55 reduces the frequency of
the compressor 1 by F1. With such an operation, the
heating capacity of the air-conditioning system 1000 re-
duces and hence, the temperature of air blown out from
the indoor unit 100 drops. One of the reasons that an
indoor temperature difference increases with a period of
time is that warm air blown out from the indoor unit 100
is blown up due to a density difference between the warm
air and indoor air. When the temperature of air blown out
from the indoor unit 100 drops, a density difference be-
tween the air blown out from the indoor unit 100 and
indoor air reduces, thus allowing warm air to arrive at an
area in the vicinity of the floor 206. Accordingly, it is pos-
sible to achieve a reduction in indoor temperature differ-
ence.
[0100] In addition to the above, in S117, the operation
control unit 55 increases the rotation speed of the indoor
air sending unit 6 by f1. Further, the operation control

unit 55 changes the direction of an air flow, blown out
from the indoor unit 100, in the vertical direction toward
the downward direction by at least one or more levels by
controlling the wind direction adjustment unit 7. With such
operations, a stronger air flow in the downward direction
than an air flow before the temperature difference reduc-
tion mode 1 is performed is generated, thus allowing
warm air to easily arrive at the area in the vicinity of the
floor 206. Further, the strong air flow is blown out from
the indoor unit 100 in the downward direction and hence,
the flow of air in the vertical direction is generated in the
entire room. Accordingly, air with high temperature in the
high ceiling space 300 and air with low temperature in
the vicinity of the floor 206 are agitated and hence, it is
possible to achieve a further reduction in indoor temper-
ature difference.
[0101] In S117, a change value for the control target
may be decided according to a position where the indoor
unit 100 is attached or the position of the high ceiling
space 300. For example, in Fig. 2(a), the high ceiling
space 300 is present at a position away from the indoor
unit 100. In Fig. 2(c), the high ceiling space 300 is present
at a position above the indoor unit 100. In the case of
Fig. 2(a), the direction of an air flow may be changed by
one level. In the case of Fig. 2(c), the direction of an air
flow may be changed by two or more levels. By perform-
ing the above-mentioned control, as will be described
later with reference to Fig. 12(a) and Fig. 12(b), it is pos-
sible to mix air in the high ceiling space 300 and air in
the vicinity of the floor 206 more efficiently.
[0102] In the temperature difference reduction mode 2
in S118, the operation control unit 55 reduces the fre-
quency of the compressor 1 by F2. In this case, F2 is
smaller than F1. The reason is as follows. In the case
where the temperature difference reduction mode 2 is
performed, an indoor temperature difference increases
gradually with the lapse of period of time and hence, it is
possible to achieve a reduction in indoor temperature
difference even when the state of the action of the air-
conditioning system 1000 is not significantly changed.
By reducing the degree of a reduction in frequency of the
compressor 1, there is no possibility of the temperature
of an air flow blown out from the indoor unit 100 being
dropped more than necessary.
[0103] In S118, the rotation speed of the indoor air
sending unit 6 is increased by f2, and the direction of an
air flow, blown out from the indoor unit 100, in the vertical
direction is changed toward the downward direction by
at least one or more levels by controlling the wind direc-
tion adjustment unit 7. In this case, f2 is smaller than f1.
The reason is to prevent a wind speed from being in-
creased more than necessary since an indoor tempera-
ture difference increases gradually with the lapse of pe-
riod of time.
[0104] In the temperature difference reduction mode 3
in S119, the operation control unit 55 reduces the fre-
quency of the compressor 1 by F3. In this case, F3 is
smaller than F2. The reason is as follows. In the case
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where the temperature difference reduction mode 3 is
performed, it is considered that there is a small change
over time in indoor temperature difference and indoor air
is in a stable state. Therefore, even when the state of the
action of the air-conditioning system 1000 is not signifi-
cantly changed, it is possible to reduce an indoor tem-
perature difference by breaking a stable state.
[0105] In the same manner, in S119, the operation con-
trol unit 55 increases the rotation speed of the indoor air
sending unit 6 by f3, and changes the direction of an air
flow, blown out from the indoor unit 100, in the vertical
direction toward the downward direction by at least one
or more levels by controlling the wind direction adjust-
ment unit 7. In this case, f3 is smaller than f2. The reason
is that even when agitation of air in the vertical direction
is weak, an indoor temperature difference is reduced.
[0106] When each of the above-described tempera-
ture difference reduction modes 1 to 3 is performed, it is
not always necessary to perform all of a reduction in fre-
quency of the compressor 1, an increase in rotation
speed of the indoor air sending unit 6, and a change in
direction of the wind direction adjustment unit 7. For ex-
ample, first, only an increase in rotation speed of the in-
door air sending unit 6 and a change in direction of the
wind direction adjustment unit 7 may be performed to
determine whether an indoor temperature difference is
reduced. In this case, when the indoor temperature dif-
ference is sufficiently reduced, it is unnecessary to re-
duce the frequency of the compressor 1. In the case
where conditions cannot be changed due to the design
of the compressor 1, the indoor air sending unit 6, and
the wind direction adjustment unit 7, it is not always nec-
essary to change the conditions.
[0107] When the air-conditioning system 1000 is acti-
vated in any one of the temperature difference reduction
modes 1 to 3 in S117 to S119, the process returns to
S109 after the lapse of a predetermined period of time.
When the processing in S112 is performed again, a de-
termination is made again for the change over time in
indoor temperature difference described above, and any
one of the temperature difference reduction modes 1 to
3 or the temperature adjustment heating operation is per-
formed. By repeating such a process, an optimum oper-
ation is suitably performed based on the change over
time in indoor temperature difference.
[0108] Fig. 12(a) and Fig. 12(b) are diagrams showing
examples of the state of a room when the air-conditioning
system 1000 is activated in the temperature difference
reduction modes 1 to 3. In the case of Fig. 12(a), in the
temperature difference reduction modes 1 to 3, an air
flow 400 in the downward direction is blown out from the
indoor unit 100. The air flow 400 generates strong agita-
tion of air in the vertical direction in the entire room. With
such generation of the agitation, warm air 500 stagnating
in the high ceiling space 300 is mixed with air in the living
space 301. Accordingly, an indoor temperature differ-
ence is reduced.
[0109] In Fig. 12(b), the indoor unit 100 is a wall con-

cealed indoor unit. In this case, change values for control
targets in the temperature difference reduction modes 1
to 3 may be decided based on the relative position be-
tween the indoor unit 100 and the high ceiling space 300.
For example, for the direction of an air flow, the following
configuration may be adopted. In the case where the in-
door unit 100 is away from the high ceiling space 300 as
shown in Fig. 12(a), the direction of the air flow is changed
toward the downward direction by one level. In the case
where the indoor unit 100 is close to the high ceiling space
300 as shown in Fig. 12(b), the direction of the air flow
may be changed toward the upward direction by two or
more levels. At this point of operation, in Fig. 12(a), an
air flow is formed that can reach the high ceiling space
300, which is at a distance from the indoor unit 100 and,
in Fig. 12(b), a particularly strong air flow in the vertical
direction is formed in the high ceiling space 300. By de-
ciding the change values for the control targets in the
temperature difference reduction modes 1 to 3 based on
the relative position between the indoor unit 100 and the
high ceiling space 300 as described above, it is possible
to efficiently mix warm air in the high ceiling space 300
with air in the vicinity of the floor 206.
[0110] Also in the case where the high ceiling space
300 is not present, the same action is executed in the
temperature difference reduction modes 1 to 3. In this
case, warm air stagnating in the vicinity of the ceiling is
mixed with air in the living space and hence, a tempera-
ture difference in the room in the vertical direction is re-
duced.
[0111] Fig. 11 is referred to again. In the case where
the air-conditioning system 1000 is activated for the tem-
perature-adjustment-preferential heating operation in
S121, the operation control unit 55 raises the frequency
of the compressor 1 by F4. With such an operation, the
heating capacity of the air-conditioning system 1000 in-
creases, so that the temperature of an air flow blown out
from the indoor unit increases. Such an air flow with high
temperature heats indoor air and hence, it is possible to
avoid a drop in temperature of the room. In the temper-
ature-adjustment-preferential heating operation, it is not
always necessary to change the frequency of an indoor
blower 6 and the direction of the wind direction adjust-
ment unit 7.
[0112] As described above, the air-conditioning sys-
tem 1000 calculates a temperature difference between
the high ceiling space 300 and the floor 206 as an indoor
temperature difference. Further, when the calculated in-
door temperature difference is less than the third thresh-
old ΔTs1, the air-conditioning system 1000 performs the
temperature adjustment heating operation. In contrast,
when the indoor temperature difference is equal to or
more than the third threshold ΔTs1, the air-conditioning
system 1000 performs the temperature difference reduc-
tion mode 3. With such operations, agitation of air is gen-
erated in the room in the vertical direction, so that the
warm air 500 stagnating in the high ceiling space 300 is
mixed with air in the living space 301. As a result, an
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indoor temperature difference is reduced, so that it is
possible to achieve an increase in comfort of a person
and energy saving.
[0113] Further, the air-conditioning system 1000 cal-
culates the change over time in indoor temperature dif-
ference. When the change over time in indoor tempera-
ture difference is equal to or more than the first threshold
ΔTh1, the air-conditioning system 1000 is activated in
the temperature difference reduction mode 1. When the
change over time in indoor temperature difference is
equal to or more than the second threshold ΔTh2, the
air-conditioning system 1000 is activated in the temper-
ature difference reduction mode 2. With such a configu-
ration, in the case where an indoor temperature differ-
ence increases with a period of time, stronger agitation
of air in the vertical direction is provided in the room and
hence, it is possible to efficiently reduce the indoor tem-
perature difference. As a result, it is possible to achieve
an increase in comfort of a person and energy saving.
[0114] In addition to the above, when the temperature
of indoor air drops with a period of time, the air-condi-
tioning system 1000 performs the temperature-adjust-
ment-preferential heating operation. With such an oper-
ation, the temperature of indoor air drops, so that it is
possible to avoid impairing the comfort of a person.
[0115] The air-conditioning system 1000 described
above is merely an example, and various modifications
are conceivable without departing from the gist of the
present disclosure.
[0116] For example, the present embodiment is also
applicable to a case where the indoor unit 100 is a floor-
mounted indoor unit.
[0117] Fig. 13 is a diagram showing the function of the
air-conditioning system 1000 in the case where the in-
door unit 100 is a floor-mounted indoor unit. An upward
air flow 401 is blown out from the indoor unit 100 mounted
on the floor 206, and warm air 500 stagnating in the high
ceiling space 300 is mixed with air in the living space 301
due to the upward air flow 401.
[0118] The air-conditioning system 1000 may also in-
clude a notification unit that notifies a current operation
state. In this case, the notification unit displays, on the
terminal 70, for example, a mode or an operation for
which the air-conditioning system 1000 is activated, the
mode or the operation being selected from the temper-
ature difference reduction modes 1 to 3, the temperature
adjustment heating operation, a non-temperature adjust-
ment heating operation, and the temperature-adjust-
ment-preferential heating operation. With such a config-
uration, a person can see the state of the action of the
air-conditioning system 1000.
[0119] In this case, the terminal 70 may have a function
of allowing a person to switch the operation state of the
air-conditioning system 1000. The air-conditioning sys-
tem 1000 is activated for the operation state selected by
the person. With such a configuration, the air-condition-
ing system 1000 can perform an operation more in line
with the intention of the person.

Embodiment 2

[0120] Embodiment 2 of the present disclosure will be
described with reference to Fig. 14, Fig. 15, and Fig. 16.
Hereinafter, the description will be made mainly for a
point that makes an air-conditioning system 1000 accord-
ing to the present embodiment different from the air-con-
ditioning system according to Embodiment 1. Compo-
nents, the description of which is omitted, are substan-
tially equal to the corresponding components in Embod-
iment 1.
[0121] Fig. 14 is a diagram showing the configuration
of a controller 50 in the present embodiment. The con-
troller 50 in the present embodiment includes, in addition
to the components of the controller 50 in Embodiment 1
shown in Fig. 6, a person detection unit 56 configured to
detect a person present in the room.
[0122] Further, in the present embodiment, in addition
to the temperature of the floor 206 and the temperature
of a range including the ceiling 203 and the wall 204 form-
ing the high ceiling space 300, the temperature meas-
urement unit 11 also measures the temperature of the
living space 301 disposed between the floor 206 and the
high ceiling space 300 to detect a person. Specifically,
the temperature measurement unit 11 also measures the
temperature of an area ranging from the boundary be-
tween the wall 204 and the wall 205 to the boundary
between the wall 205 and the floor 206. The information
on the measured temperature is transmitted to the tem-
perature difference calculation unit 53, the operation con-
troller 54, the storage unit 55, and the person detection
unit 56.
[0123] The person detection unit 56 detects a person
based on the above-mentioned temperature measured
by the temperature measurement unit 11. Note that a
technique of detecting a person from temperature distri-
bution in the room is disclosed as a known technique.
For example, the head of a person is often exposed in a
room, and the temperature of the head of the person is
less affected by age and sex and is approximately 36
degrees C. A technique of detecting a person by making
use of such a fact is disclosed. Also in the present em-
bodiment, a person may be detected by substantially the
same method.
[0124] In the case where the person detection unit 56
detects the presence of a person in the room, the person
detection unit 56 also detects the person in a direction in
which the above-mentioned person is present as viewed
from the indoor unit 100. The reason is, as will be de-
scribed later, to prevent a reduction in comfort due to an
air flow directly impinging on the person in implementing
the temperature difference reduction modes 1 to 3. The
detection result from the person detection unit 56 is trans-
mitted to the operation controller 54 and the storage unit
55.
[0125] Subsequently, the action of the air-conditioning
system 1000 in the present embodiment will be de-
scribed. Fig. 15 is a flowchart showing the action of the
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air-conditioning system 1000 in the present embodiment.
Compared with the flowchart shown in Fig. 8, S111 is
replaced with S201 and, in addition to the above, S202
is added after S211 in Fig. 15.
[0126] In S201, the temperature measurement unit 11
also measures the temperature of the high ceiling space
300, the temperature of the floor 206, and the tempera-
ture of the living space 300. The information on the meas-
ured temperature is transmitted to the temperature dif-
ference calculation unit 53, the operation controller 54,
the storage unit 55, and the person detection unit 56.
[0127] In S202, the person detection unit 56 detects a
person based on the temperature of the living space 300
measured in S201. The person detection unit 56 detects
a person based on, for example, whether a part consid-
ered to be the head of a person based on the above-
mentioned measured temperature is present in the room.
At this point of operation, the person detection unit 56
also detects the direction in which the person is present
as viewed from the indoor unit 100. The detection result
from the person detection unit 56 is transmitted to the
operation controller 54 and the storage unit 55.
[0128] In the same manner as Embodiment 1, the tem-
perature difference reduction modes 1 to 3 are performed
in S117, S118, and S119. However, control targets and
change values in the temperature difference reduction
modes 1 to 3 in the present embodiment are different
from the control targets and the change values in Em-
bodiment 1.
[0129] Fig. 16 is a diagram showing the control targets
and the change values in the temperature difference re-
duction modes 1 to 3 in the present embodiment. In the
present embodiment, when a person is detected in S202,
the direction of an air flow in the lateral direction is also
changed in the temperature difference reduction modes
1 to 3 in addition to the direction of the air flow in the
vertical direction. Specifically, in the temperature differ-
ence reduction modes 1 to 3, by controlling the wind di-
rection adjustment unit 7, the operation control unit 55
changes the direction of the air flow, blown out from the
indoor unit 100, in the lateral direction to a direction in
which a person is not present. At this point of operation,
other control targets and change values may be substan-
tially equal to the corresponding other control targets and
change values in Embodiment 1.
[0130] As described above, the air-conditioning sys-
tem 1000 of the present embodiment detects the pres-
ence of a person in the room, and adjusts the direction
of the air flow in the lateral direction to the direction in
which the person is not present in the temperature dif-
ference reduction modes 1 to 3. With such an operation,
when each of the temperature difference reduction
modes 1 to 3 is performed, there is no possibility of a
high speed air flow directly impinging on the person, so
that the comfort of the person is increased.
[0131] In the present embodiment, the air-conditioning
system 1000 may perform the following action. In the
flowchart shown in Fig. 15, when the person detection

unit 56 detects a person in S202, the process proceeds
to S116, and when the person detection unit 56 does not
detect a person, the process proceeds to S112. In this
case, in the case where a person is present in the room,
the temperature difference elimination modes 1 to 3 are
not performed. With such a configuration, it is possible
to more surely eliminate a possibility of a high speed air
flow directly impinging on the person when each of the
temperature difference reduction modes 1 to 3 is per-
formed, so that the comfort of the person is increased.

Embodiment 3

[0132] Embodiment 3 of the present disclosure will be
described with reference to Fig. 17 and Fig. 18. Herein-
after, the description will be made mainly for a point that
makes an air-conditioning system 1000 according to the
present embodiment different from the air-conditioning
system according to Embodiment 1. Components, the
description of which is omitted, are substantially equal to
the corresponding components in Embodiment 1.
[0133] Fig. 17 is a diagram showing the configuration
of a controller 50 in the present embodiment. The con-
troller 50 in the present embodiment includes, in addition
to the components of the controller 50 in Embodiment 1,
a room entry prediction unit 57 that predicts the entry of
a person into a room.
[0134] The room entry prediction unit 57 can commu-
nicate with a smartphone or a wearable terminal that is
owned by a person, for example, and utilizes a GPS (reg-
istered trademark) or the like to detect the position of the
person not in the room in which at least the indoor unit
100 is installed. Further, the room entry prediction unit
57 predicts the entry of the person into the room, in which
the indoor unit 100 is installed, from a change over time
in detected position of the person.
[0135] Specifically, the room entry prediction unit 57
detects the position of a person at predetermined period
of time intervals (5 minutes, for example). In such a case,
when the person is within a predetermined distance (5
[km], for example) from the room, in which the indoor unit
100 is installed, and the person approaches the room,
the room entry prediction unit 57 predicts that the person
is to enter into the room. The predicted result is transmit-
ted to the operation controller 54 and the storage unit 55.
[0136] Subsequently, the action of the air-conditioning
system 1000 of the present embodiment will be de-
scribed. Fig. 18 is a flowchart showing the action of the
air-conditioning system 1000 in the present embodiment.
[0137] In S301, the room entry prediction unit 57 pre-
dicts the entry of a person into the room. Specifically, the
room entry prediction unit 57 detects the position of the
person at least at two different clock times. When the
person is present within a predetermined distance from
the room and the person approaches the room with the
lapse of period of time, the room entry prediction unit 57
predicts that the person is to enter into the room. When
the room entry prediction unit 57 predicts the entry of the
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person into the room, the process proceeds to S102. In
contrast, when the room entry prediction unit 57 does not
predict the entry of the person into the room, the process-
ing in S301 is repeated at predetermined period of time
intervals (10 minutes, for example).
[0138] When the indoor temperature difference calcu-
lated by the temperature difference calculation unit 53 in
S104 is equal to or more than the third threshold ΔTs1
in S302, the process proceeds to S304. In contrast, when
the above-mentioned indoor temperature difference is
less than the third threshold ΔTs1, the process proceeds
to S303. In S302, it is not always necessary to perform
the determination based on the third threshold ΔTs1 and
the indoor temperature difference. The determination
may be performed based on a predetermined fourth
threshold ΔTs2, which is different from the third threshold
ΔTs1, and the indoor temperature difference.
[0139] In S303, the operation controller 54 stops the
action of the air-conditioning system 1000. At this point
of operation, the operation controller 54 stops the action
of the compressor 1, the outdoor air sending unit 3, the
expansion valve 4, the indoor air sending unit 6, and the
wind direction adjustment unit 7. However, the operation
controller 54 continues the action of at least the temper-
ature measurement unit 11 and the temperature differ-
ence calculation unit 53. After the action of the air-con-
ditioning system 1000 is stopped, the process returns to
S103.
[0140] In S304, the air-conditioning system 1000 is ac-
tivated in a temperature difference reduction mode 4. In
the temperature difference reduction mode 4, the oper-
ation controller 54 causes the indoor air sending unit 6
and the wind direction adjustment unit 7 to be activated.
At this point of operation, the rotation speed of the indoor
fan of the indoor air sending unit 6 is not particularly lim-
ited and may be a predetermined constant value, for ex-
ample, or may be decided according to the distance from
the indoor unit 100 to the high ceiling space 300. Further,
the wind direction adjustment unit 7 is at least controlled
such that an air flow is blown out in a direction other than
the horizontal direction. In the example shown in Fig. 4,
the wind direction adjustment unit 7 is controlled to be in
any one of states including vertical wind directions 2 to
5. In the same manner as the temperature difference
reduction modes 1 to 3 in Embodiment 1, the direction
of the wind direction adjustment unit 7 may be decided
according to the distance between the indoor unit 100
and the high ceiling space 300.
[0141] With such operations, in the temperature differ-
ence reduction mode 4, an air flow in the downward di-
rection is blown out from the indoor unit 100 and, further,
the flow of air in the vertical direction is generated in the
entire room. Accordingly, warm air in the high ceiling
space 300 is mixed with air in the living space 301 and
hence, an indoor temperature difference can be eliminat-
ed.
[0142] In S305, the room entry prediction unit 57 de-
termines whether a person has entered into the room.

Specifically, the room entry prediction unit 57 determines
that the person has entered into the room when the per-
son is present in front of the indoor unit 100 and within a
predetermined distance (for example, 5 [m]) or less from
the indoor unit 100. When the person has entered into
the room, in S306, the action of the air-conditioning sys-
tem 1000 is switched to the action in Embodiment 1
shown in Fig. 8. At this point of operation, a target tem-
perature for the air-conditioning system 1000 may be a
target temperature or the like at the time of the air-con-
ditioning system 1000 being activated for the action in
Embodiment 1 in a previous cycle, for example. In con-
trast, when the person has not entered into the room, the
process returns to S103.
[0143] As described above, the air-conditioning sys-
tem 1000 of the present embodiment predicts the entry
of a person into a room. When the entry of the person
into the room is predicted and an indoor temperature dif-
ference is equal to or more than the third threshold ΔTs1,
the air-conditioning system 1000 performs the tempera-
ture difference reduction mode 3. With such operations,
for example, when the person returns to the room from
the outside, the air-conditioning system 1000 causes
warm air stagnating in the high ceiling space 300 to be
mixed in advance with air in the living space 300. Accord-
ingly, the temperature of air in the living space 300 is
already raised when the person arrives home and hence,
the comfort of the person is increased.
[0144] The action of the air-conditioning system 1000
in the present embodiment may be combined with the
action of the air-conditioning system 1000 in Embodiment
2. In this case, in S306, the action of the air-conditioning
system 1000 is switched to the action in Embodiment 2
shown in Fig. 15. In this case, the person detection unit
56 may determine whether the person has entered into
the room in S305.

Reference Signs List

[0145] 1: compressor, 2: outdoor heat exchanger, 3:
outdoor air sending unit, 4: expansion valve, 5: indoor
heat exchanger, 6: indoor air sending unit, 7: wind direc-
tion adjustment unit, 10: distance measurement unit, 11:
temperature measurement unit, 12: sucked air temper-
ature measurement unit, 21: motor body, 22: motor shaft,
23: support part, 24: ultrasonic distance sensor, 30: hous-
ing, 31: air inlet, 32: air outlet, 50: controller, 51: high
ceiling detection unit, 52: floor detection unit, 53: temper-
ature difference calculation unit, 54: storage unit, 55: op-
eration controller, 56: person detection unit, 70: terminal,
100: indoor unit, 101: outdoor unit, 200, 202, 204, 205:
wall, 201, 203: ceiling, 206: floor, 207: horizontal exten-
sion of ceiling 201, 300: high ceiling space, 301: living
space, 400: air flow, 401: upward air flow, 500: warm air,
1000: air-conditioning system
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Claims

1. An air-conditioning system comprising:

an indoor unit;
a distance measurement unit configured to
measure a distance from the indoor unit to a
ceiling and a distance from the indoor unit to a
floor;
a high ceiling detection unit configured to detect,
in a case where a room has a plurality of ceilings
having different heights, a high ceiling space
based on the distance from the indoor unit to the
ceiling measured by the distance measurement
unit, the high ceiling space being disposed at a
position higher than a ceiling having a lowest
height of the plurality of ceilings;
a floor detection unit configured to detect the
floor based on the distance from the indoor unit
to the floor measured by the distance measure-
ment unit and a distance from the indoor unit to
a wall measured by the distance measurement
unit;
a temperature measurement unit configured to
measure a temperature of the high ceiling space
and a surface temperature of the floor;
a temperature difference calculation unit config-
ured to calculate a temperature difference be-
tween the temperature of the high ceiling space
detected by the temperature measurement unit
and the surface temperature of the floor detect-
ed by the temperature measurement unit; and
a controller configured to perform control of gen-
erating a first air flow according to a predeter-
mined operating condition in a case where the
temperature difference calculated by the tem-
perature difference calculation unit is less than
a first threshold, and to perform control of gen-
erating a second air flow in a case where the
temperature difference is equal to or more than
the first threshold, the second air flow satisfying
at least either one of a condition that the second
air flow has a lower temperature than the first
air flow or a condition that the second air flow
has a larger velocity component in a vertical di-
rection than the first air flow.

2. The air-conditioning system of claim 1, wherein

the temperature difference calculation unit is
configured to measure the temperature differ-
ence at least at two or more different clock times,
and to calculate a change over time in the tem-
perature difference from the temperature differ-
ence measured at least at the two or more dif-
ferent clock times, and
the controller is configured to perform control of
generating a third air flow in a case where the

change over time in the temperature difference
is equal to or more than a second threshold dif-
ferent from the first threshold, the third air flow
satisfying at least either one of a condition that
the third air flow has a lower temperature than
the second air flow or a condition that the third
air flow has a larger velocity component in the
vertical direction than the second air flow.

3. The air-conditioning system of claim 2, wherein
the controller is configured to perform control of gen-
erating the second air flow in a case where the
change over time in the temperature difference is
less than the second threshold and, of the temper-
ature difference measured at least at the two or more
different clock times, the temperature difference
measured last is equal to or more than the first
threshold.

4. The air-conditioning system of claim 2 or claim 3,
comprising:

a target temperature acquisition unit configured
to acquire information on a target temperature
set by a user; and
a sucked air temperature measurement unit
configured to measure a temperature of indoor
air sucked into the indoor unit, wherein
the controller is configured to perform control of
generating a fourth air flow having a higher tem-
perature than the first air flow in a case where
either one of the second air flow or the third air
flow is generated and the temperature of the in-
door air measured by the sucked air temperature
measurement unit is lower than the target tem-
perature acquired by the target temperature ac-
quisition unit.

5. The air-conditioning system of any one of claims 2
to 4, wherein
the controller is configured to perform control of
changing a direction of the second air flow and a
direction of the third air flow in the vertical direction
according to a distance between the indoor unit and
the high ceiling.

6. The air-conditioning system of any one of claims 2
to 5, wherein

the temperature measurement unit is configured
to measure a surface temperature of an object
present in a space between the floor and the
high ceiling,
the air-conditioning system includes a person
detection unit configured to detect presence of
a person in a room from the surface temperature
of the object measured by the temperature
measurement unit, and to further detect a direc-
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tion in which the person is present as viewed
from the indoor unit, and
the controller is configured to, in a case where
the person is present in the room, control the
direction of the second air flow or the direction
of the third air flow in a lateral direction to a di-
rection other than the direction in which the per-
son is present, the person being detected by the
person detection unit.

7. The air-conditioning system of any one of claims 1
to 6, comprising a room entry prediction unit config-
ured to detect a position of a person outside the
room, and to predict entry of the person into the room
from a change over time in the position of the person
outside the room, wherein
the controller is configured to perform control of gen-
erating a fifth air flow in a case where the room entry
prediction unit predicts entry of the person into the
room and the temperature difference calculated by
the temperature difference calculation unit is greater
than the first threshold, the fifth air flow performing
only sending of air without performing temperature
adjustment.
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