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(54) AIR CONDITIONING DEVICE

(57) An air conditioning device capable of performing
air blow control with taken into account the surface tem-
perature of a site of a human body hidden by an obstacle
such as furniture and appropriately blowing conditioned
air to the human body of a user is provided. To achieve
this, the air conditioning device includes: an air blow
mechanism capable of changing the direction of condi-
tioned air blown out through an air outlet port; a temper-
ature sensor configured to detect surface temperature in
a predetermined detection range; a human body identify
part configured to detect a human body based on a result
of the detection by the temperature sensor and identify
a region in which the detected human body exists; a floor
temperature sensor configured to detect floor tempera-
ture; an estimated temperature calculator configured to
identify a site of the human body in which the temperature
of the human body is not detected by the temperature
sensor in the region in which the human body exists and
calculate an estimated temperature value of the identified
site of the human body based on a result of the detection
by the temperature sensor and a result of the detection
by the floor temperature sensor; and an air blow control
unit configured to control the air blow mechanism based
on the estimated temperature value of the site of the hu-
man body.
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Description

Field

[0001] The present invention relates to an air condi-
tioning device.

Background

[0002] A conventionally known air conditioning device
(refer to PTL 1, for example) includes, for example, a
person number detection unit configured to detect the
number of persons, a human body position detection unit
configured to detect the position of each person, a foot
temperature sensor configured to detect a foot temper-
ature, and a floor-wall temperature sensor configured to
detect the temperatures of a floor and a wall. The air
conditioning device performs controls to calculate radia-
tion temperature near each person based on the position
of the human body, the foot temperature, and the floor-
wall temperature, calculate the degree of comfort of each
person existing in a room based on, for example, the
radiation temperature, and determine a wind direction
based on the number of persons, the position of each
person, the degree of comfort, and an operation mode.

Citation List

Patent Literature

[0003] [PTL 1] JP H06-288598 A

Summary

Technical Problem

[0004] However, the conventional air conditioning de-
vice disclosed in PTL 1 cannot detect information nec-
essary for control, in particular, a foot temperature due
to an obstacle such as furniture placed in a room, which
makes it difficult to blow appropriate conditioned air to
the human body of a user, and potentially leads to a re-
duced comfortable feeling of the user.
[0005] The present invention is intended to solve the
above-described problem by providing an air condition-
ing device capable of performing air blow control with
taken into account the surface temperature of the human
body of a user, appropriately blowing conditioned air to
the human body of the user, and improving a comfortable
feeling of the user when there is an obstacle such as
furniture.

Solution to Problem

[0006] An air conditioning device according to the
present invention includes: a housing having an air intake
port and an air outlet port; a heat exchanger arranged in
the housing, the heat exchanger configured to exchange

heat with air sucked from the air intake port to generate
conditioned air; an air blow mechanism provided to the
housing, the air blow mechanism configured to generate
air flow which sucks air from the air intake port and blows
out the conditioned air from the air outlet port, and capa-
ble of changing a direction of the conditioned air which
blows from the air outlet port; a temperature sensor con-
figured to detect surface temperature in a predetermined
detection range; a human body identify part configured
to detect a human body and to identify a region in which
the detected human body exists based on a detection
result of the temperature sensor; a floor temperature sen-
sor configured to detect floor temperature; an estimated
temperature calculator configured to identify a site in
which temperature of the human body is not detected by
the temperature sensor in the region in which the human
body exists, and to calculate an estimated value of tem-
perature of the identified site of the human body based
on the detection result of the temperature sensor and a
detection result of the floor temperature sensor; an air
blow control unit configured to control the air blow mech-
anism based on the estimated value of temperature of
the site of the human body.
[0007] Alternatively, an air conditioning device accord-
ing to the present invention includes: a housing having
an air intake port and an air outlet port; a heat exchanger
arranged in the housing, the heat exchanger configured
to exchange heat with air sucked through the air intake
port to generate conditioned air; an air blow mechanism
provided to the housing, the air blow mechanism config-
ured to generate air flow which sucks air from the air
intake port and blows out the conditioned air from the air
outlet port, and capable of changing the direction of the
conditioned air blown out from the air outlet port; a tem-
perature sensor configured to detect surface tempera-
ture in a predetermined detection range; a floor temper-
ature sensor configured to detect floor temperature; and
an air blow control unit configured to control, when the
temperature in a site of a foot or a hand of a human body
is not detected by the temperature sensor and the floor
temperature is lower than the temperature of air sucked
through the air intake port, the air blow mechanism so
that the direction of conditioned air points to the position
of the human body.

Advantageous Effects of Invention

[0008] An air conditioning device according to the
present invention is capable of performing, when there
is an obstacle such as furniture, air blow control with tak-
en into account the surface temperature of a site of the
human body of a user hidden behind the obstacle, ap-
propriately blowing conditioned air to the human body of
the user, and improving a comfortable feeling of the user.
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Brief Description of Drawings

Brief Description of the Drawings

[0009]

Fig. 1 is an external perspective view of an air con-
ditioning device according to the Embodiment 1 of
the present invention.
Fig. 2 is a longitudinal sectional view of the air con-
ditioning device according to the Embodiment 1 of
the present invention.
Fig. 3 is a diagram for description of the detection
range of a human body sensor included in the air
conditioning device according to the Embodiment 1
of the present invention.
Fig. 4 is a diagram for description of the detection
range of the human body sensor in a depth direction
of the air conditioning device according to the Em-
bodiment 1 of the present invention.
Fig. 5 is a diagram for description of the detection
range of the human body sensor in a horizontal di-
rection of the air conditioning device according to the
Embodiment 1 of the present invention.
Fig. 6 is a block diagram illustrating the configuration
of a control system of the air conditioning device ac-
cording to the Embodiment 1 of the present inven-
tion.
Fig. 7 is a block diagram illustrating a functional con-
figuration of a control device of the air conditioning
device according to the Embodiment 1 of the present
invention.
Fig. 8 is a flowchart of air blow control in a heating
operation of the air conditioning device according to
the Embodiment 1 of the present invention.
Fig. 9 is a diagram illustrating an exemplary adjusted
R-squared value of a warm-cold feeling calculation
formula used in the heating operation of the air con-
ditioning device according to the Embodiment 1 of
the present invention.
Fig. 10 is a flowchart of air blow control of the air
conditioning device according to the Embodiment 2
of the present invention in the heating operation.
Fig. 11 is a diagram illustrating an exemplary adjust-
ed R-squared value of the warm-cold feeling calcu-
lation formula used in the heating operation of the
air conditioning device according to the Embodiment
2 of the present invention.
Fig. 12 is a flowchart of air blow control of the air
conditioning device according to the Embodiment 3
of the present invention in the heating operation.
Fig. 13 is a flowchart of air blow control of the air
conditioning device according to the Embodiment 4
of the present invention in the heating operation.

Description of Embodiments

[0010] Embodiments of the present invention will be

described below with reference to the accompanying
drawings. In the drawings, parts identical or equivalent
to each other are denoted by an identical reference sign,
and duplicate description thereof will be simplified or
omitted as appropriate. The present invention is not lim-
ited to the embodiments described below but may be
modified in various manners without departing from the
scope of the present invention.

Embodiment 1

[0011] Figs. 1 to 8 illustrate Embodiment 1 of the
present invention. Fig. 1 is an external perspective view
of an air conditioning device. Fig. 2 is a longitudinal sec-
tional view of the air conditioning device. Fig. 3 is a dia-
gram for description of the detection range of a human
body sensor included in the air conditioning device. Fig.
4 is a diagram for description of the detection range of
the human body sensor in a depth direction of the air
conditioning device. Fig. 5 is a diagram for description of
the detection range of the human body sensor in a hor-
izontal direction of the air conditioning device. Fig. 6 is a
block diagram illustrating the configuration of a control
system of the air conditioning device. Fig. 7 is a block
diagram illustrating a functional configuration of a control
device of the air conditioning device. Fig. 8 is a flowchart
of air blow control in a heating operation of the air con-
ditioning device. Fig. 9 is a diagram illustrating an exem-
plary adjusted R-squared value of a warm-cold feeling
calculation formula used in the heating operation of the
air conditioning device.
[0012] An air conditioning device 100 in Embodiment
1 of the present invention is an indoor unit of an air con-
ditioner. Thus, the air conditioning device 100 is installed
on a wall surface or ceiling surface in a room. This ex-
ample assumes that the air conditioning device 100 is
installed on a wall surface in a room.
[0013] As illustrated in Figs. 1 and 2, the air condition-
ing device 100 includes a housing 110. The housing 110
of the air conditioning device 100 is formed in a horizon-
tally long substantially rectangular parallelepiped shape
having a smooth curved surface extending from a front
surface to a lower surface. An air intake port 111 is formed
at an upper surface of the housing 110. The air intake
port 111 is an opening through which air is acquired from
the outside to the inside of the housing 110. An air outlet
port 112 is formed at a lower part of the front surface of
the housing 110. The air outlet port 112 is an opening
through which air is discharged from the inside of the
housing 110 to the outside. A front surface panel 113
covers an upper part of the front surface of the housing
110.
[0014] Vertical deflectors 131, 132, 141, and 142 are
provided at the air outlet port 112. These vertical deflec-
tors are used to adjust the vertical blow-out angle of air
blown out through the air outlet port 112.
[0015] The vertical deflectors are installed on the front
and back sides when the air conditioning device 100 is
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squarely viewed. The vertical deflectors on each of the
front and back sides are provided in a divided manner
on the right and left sides. Specifically, the divided vertical
deflectors on the front side are the front-left side vertical
deflector 131 on the left side and the front-right side ver-
tical deflector 132 on the right side when the air condi-
tioning device 100 is squarely viewed. The divided ver-
tical deflectors on the back side are the back-left side
vertical deflector 141 on the left side and the back-right
side vertical deflector 142 on the right side when the air
conditioning device 100 is squarely viewed.
[0016] The position at which the right and left vertical
deflectors are divided from each other on each of the
front and back sides is substantially at the center in a
longitudinal direction (right-left direction of the air outlet
port 112) when the air conditioning device 100 is squarely
viewed. The front-left side vertical deflector 131 and the
front-right side vertical deflector 132 have a slight gap
therebetween. Similarly, the back-left side vertical de-
flector 141 and the back-right side vertical deflector 142
have a slight gap therebetween.
[0017] The front-left side vertical deflector 131, the
front-right side vertical deflector 132, the back-left side
vertical deflector 141, and the back-right side vertical de-
flector 142 are plate members narrowly extending in the
right-left direction of the air outlet port 112. The vertical
deflectors 131, 132, 141, and 142 are each curved to
have an arc section vertical to the longitudinal direction.
[0018] The vertical deflectors 131, 132, 141, and 142
are each attached to the housing 110 through a support
arm (not illustrated). Each support arm is attached rotat-
ably relative to the housing 110. The orientation of each
vertical deflector can be changed by rotating the support
arm relative to the housing 110. Then, the air conditioning
device 100 can vertically change an air blow direction by
changing the orientation of each vertical deflector.
[0019] The support arm of each vertical deflector is pro-
vided so that the angle thereof can be adjusted through
drive of a vertical deflector stepping motor. Specifically,
in this example, the orientations of the front-left side ver-
tical deflector 131 and the back-left side vertical deflector
141 are changed by a left side vertical deflector stepping
motor 161. The orientations of the front-right side vertical
deflector 132 and the back-right side vertical deflector
142 are changed by a right side vertical deflector stepping
motor 162.
[0020] A vertical blow-out angle (air blow direction) of
air blown out on the left side of the air outlet port 112 and
a vertical blow-out angle (air blow direction) of air blown
out on the right side of the air outlet port 112 can be
separately adjusted in this manner. Figs. 1 and 2 omit
illustration of the left side vertical deflector stepping motor
161 and the right side vertical deflector stepping motor
162.
[0021] A right-left deflector 150 is provided on the back
side of the vertical deflectors 131, 132, 141, and 142 at
the air outlet port 112. The right-left deflector 150 is used
to adjust a right-left blow-out angle of air blown out

through the air outlet port 112. The right-left deflector 150
includes a plurality of plates arranged in the longitudinal
direction (right-left direction of the air outlet port 112)
when the air conditioning device 100 is squarely viewed.
Similarly to the vertical deflectors 131, 132, 141, and 142,
the right-left deflector 150 is attached so that the angle
thereof can be adjusted through drive of a right-left de-
flector stepping motor 163 (not illustrated in Figs. 1 and
2).
[0022] An air path extending from the air intake port
111 to the air outlet port 112 is formed in the housing
110. A heat exchanger 121 is installed downstream of
the air intake port 111 on the air path. The heat exchanger
121 heats or cools the air flowing through the air path
through heat exchange with the air. The air is heated or
cooled depending on whether the air conditioning device
100 is in a heating operation or a cooling operation. Spe-
cifically, in the heating operation, the heat exchanger 121
heats the air. In the cooling operation, the heat exchanger
121 cools the air.
[0023] The heat exchanger 121 heats or cools air flow-
ing through the air path to adjust the temperature, hu-
midity, and the like of the air, thereby generating condi-
tioned air. In this manner, the heat exchanger 121 gen-
erates conditioned air through heat exchange with air
sucked through the air intake port 111. The generated
conditioned air is warm air in the heating operation, or
cold air in the cooling operation.
[0024] An air blow fan 122 is installed downstream of
the heat exchanger 121 on the air path. The air blow fan
122 is used to generate, in the air path, air flow from the
air intake port 111 to the air outlet port 112.
[0025] When the air blow fan 122 is operated, air flow
from the air intake port 111 to the air outlet port 112 is
generated in the air path, air is sucked through the air
intake port 111, and air is blown out through the air outlet
port 112. The air sucked through the air intake port 111
becomes air flow passing through the heat exchanger
121 and the air blow fan 122 in the stated order on the
air path in the air conditioning device 100, and blown out
through the air outlet port 112. In this case, the direction
(air blow direction) of wind blown out through the air outlet
port 112 is adjusted (changed) by the vertical deflectors
131, 132, 141, and 142 and the right-left deflector 150,
which are disposed downstream of the air blow fan 122.
[0026] The air blow fan 122, the vertical deflectors 131,
132, 141, and 142, the right-left deflector 150, the vertical
deflector stepping motors 161 and 162, and the right-left
deflector stepping motor 163 are included in an air blow
mechanism provided to the housing 110. The air blow
mechanism thus configured can generate air flow that
sucks air through the air intake port 111 and blows out
conditioned air through the air outlet port 112, and change
the direction of the conditioned air blown out through the
air outlet port 112.
[0027] A human body sensor 170 is attached at the
center of a front surface of the air conditioning device
100. However, the attachment position of the human
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body sensor 170 is not limited to the center of the front
surface of the air conditioning device 100. The human
body sensor 170 may be attached at, for example, an
end part on the left or right side of the housing 110.
[0028] The human body sensor 170 includes, for ex-
ample, a plurality of infrared sensors (light-receiving el-
ements) arranged in the vertical direction. This example
assumes that the human body sensor 170 includes eight
infrared sensors (light-receiving elements). These eight
infrared sensors are detection elements capable of indi-
vidually performing infrared light reception and temper-
ature detection. For example, the infrared sensors (light-
receiving elements) are arranged straight in the vertical
direction inside a cylindrical metal can 171 as illustrated
in Fig. 3. Accordingly, the human body sensor 170 has
the function of detecting indoor temperature in a divided
manner in eight areas at heights different from each oth-
er.
[0029] The detection ranges of the respective eight in-
frared sensors are set as rectangular areas having sizes
equal to each other as illustrated in Fig. 3. Each infrared
sensor is set to have, for example, a vertical distributive
view angle of 7? in the vertical direction and a horizontal
distributive view angle of 8? in the right-left direction.
[0030] A distributive view angle 173 of the entire hu-
man body sensor 170 as the sum of the distributive view
angles of the infrared sensors is set as an area elongated
in the vertical direction. The distributive view angles (de-
tection ranges) of the infrared sensors do not necessarily
need to have identical shapes nor identical sizes. Specific
values of the vertical and horizontal distributive view an-
gles are not limited to the above-described exemplary
values. The number of infrared sensors (light-receiving
elements) is not limited to eight, but the human body sen-
sor 170 may include infrared sensors (light-receiving el-
ements) in an optional number equal to or smaller than
seven or equal to or larger than nine.
[0031] The human body sensor 170 can change,
through a sensor stepping motor 172 (not illustrated in
Figs. 1 and 2), the orientations of the plurality of vertically
arranged infrared sensors to right and left in a predeter-
mined angle range. Thus, the plurality of vertically ar-
ranged infrared sensors can be each scanned in the right-
left direction to detect surface temperature in a predeter-
mined detection range (hereinafter referred to as a "tem-
perature detection target range") on the front side of the
air conditioning device 100.
[0032] With this configuration, the human body sensor
170 acquires surface temperature distribution (heat im-
age) in the temperature detection target range in a non-
contact manner by scanning through the range. In other
words, the human body sensor 170 serves as a temper-
ature sensor configured to detect surface temperature in
the predetermined detection range. When the tempera-
ture detection target range includes a floor surface, the
surface temperature detected by the infrared sensors in-
cluded in the human body sensor 170 is the temperature
of the floor surface, in other words, floor temperature.

Thus, in this example, the human body sensor 170 also
serves as a floor temperature sensor configured to detect
floor temperature. However, another floor temperature
sensor configured to detect floor temperature may be
provided in addition to the infrared sensors included in
the human body sensor 170.
[0033] The existence and position of a heat source in-
cluding a person in the room, the surface temperature of
a human body, and a site (such as an exposed or non-
exposed part of skin or the head) of the human body, and
the like can be detected based on, for example, a tem-
perature difference from the background by processing,
through a control device 180 to be described later or the
like, a result of the detection by the human body sensor
170, in other words, surface temperature distribution
(heat image) data acquired by the human body sensor
170.
[0034] In addition, the sensible temperature of a per-
son in the room can be obtained based on a result of the
detection by the human body sensor 170. In this case, it
is easier to detect the sensible temperature of a human
body having skin exposed. The human body sensor 170
has a higher detection accuracy as the number of pixels
of each light-receiving element included in the human
body sensor 170 is larger. Specifically, for example, when
the light-receiving element includes 30 pixels or more, it
is possible to accurately detect the position of a person
in the room and the distance from the human body sensor
170 to the person.
[0035] The human body sensor 170 detects the tem-
perature of a temperature detection target while scanning
the temperature detection target range to right and left
directions. The right and left directions are right and left
directions when viewed from the air conditioning device
100. To acquire heat image data (temperature distribu-
tion data) of a wall and a floor in the room, for example,
the orientation of the human body sensor 170 is moved
in the right-left direction by the sensor stepping motor
172, and rotation of the sensor stepping motor 172 (in
other words, rotation of the orientation of the human body
sensor 170) is stopped at each constant angle for a con-
stant time. The constant angle is, for example, 1 to 5?.
The constant time is, for example, 0.1 to 0.2 seconds.
Then, after the change of the orientation of the human
body sensor 170 is stopped followed by a wait for a time
shorter than the constant time (0.1 to 0.2 seconds), a
result (heat image data) of the detection by the eight light-
receiving elements of the human body sensor 170 is ac-
quired.
[0036] After the result of the detection by the human
body sensor 170 is acquired, the sensor stepping motor
172 is rotated again by the constant angle and stopped
again, and a result (heat image data) of the detection by
the human body sensor 170 is acquired through the same
operation. Such an operation is repeated to acquire a
result of the detection by the human body sensor 170 at
each of, for example, 90 to 100 places in the right-left
direction in the detection range. Then, heat image data
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(temperature distribution data) of the temperature detec-
tion target range can be obtained based on the acquired
results of the detection by the human body sensor 170.
[0037] The following describes the detection range of
the human body sensor 170 configured as described
above with reference to Figs. 4 and 5. Fig. 4 is a diagram
for description of the detection range of the human body
sensor 170 in the depth direction when viewed from the
air conditioning device 100. Fig. 4 illustrates the state of
the inside of a room in which the air conditioning device
100 is installed when viewed in the horizontal direction.
In the state exemplarily illustrated in Fig. 4, the air con-
ditioning device 100 is installed at the height of 1800 mm
approximately, and the distance from the air conditioning
device 100 to a human body is 3600 mm approximately.
[0038] The detection range of the human body sensor
170 is divided in the depth direction into a plurality of
regions in a number equal to the number of (in this ex-
ample, eight) infrared sensors (light-receiving elements).
In other words, the internal space of the room is divided
in the depth direction into eight regions corresponding to
the distributive view angles of the respective light-receiv-
ing elements. Then, the size of each divided region is set
in accordance with a spread angle of the distributive view
angle in the vertical direction.
[0039] The lowermost light-receiving element of the
human body sensor 170 detects a human body in a front-
side region closest to the air conditioning device 100. An
upper light-receiving element of the human body sensor
170 detects a human body in a farther region.
[0040] Fig. 5 is a diagram for description of the detec-
tion range of the human body sensor 170 in the right-left
direction when viewed from the air conditioning device
100. Fig. 5 illustrates the state of the inside of the room
in which the air conditioning device 100 is installed when
viewed from above. The detection range of the human
body sensor 170 is divided in the right-left direction into
a plurality of regions at each constant angle when the
human body sensor 170 is rotated by the sensor stepping
motor 172.
[0041] Fig. 5 illustrates an example in which the detec-
tion range of the human body sensor 170 in the right-left
direction is set to be 90? approximately. The detection
range of the human body sensor 170 in the right-left di-
rection is not limited to this angle. For example, the hu-
man body sensor 170 may be configured to completely
rotate one revolution by the sensor stepping motor 172,
and the detection range may be set to be 360?.
[0042] The human body sensor 170 may be swung al-
so in the vertical direction by another stepping motor or
the like. When the orientation of the human body sensor
170 can be changed also in the vertical direction, detailed
heat image data can be acquired in the vertical direction
as well as the horizontal direction.
[0043] The human body sensor 170 may include an
infrared sensor and another detection instrument. For
example, a camera or an ultrasonic wave sensor may be
used to detect the position and shape of a human body

and the distance to the human body. In other words, the
human body sensor 170 may further include, in addition
to an infrared sensor, for example, an ultrasonic wave
sensor capable of detecting an object. With this config-
uration, the human body sensor 170 can detect the po-
sition of a human body and the distance thereto at an
increased accuracy. Alternatively, a pyroelectric sensor
including a Fresnel lens may be used to detect the posi-
tion of a human body in the room in the right-left direction
and the depth direction (front-back direction) when
viewed from the air conditioning device 100.
[0044] The following describes the configuration of the
control system of the air conditioning device 100 with
reference to Fig. 6. The air conditioning device 100 in-
cludes the control device 180 and an operation unit 190.
The control device 180 is achieved by an electric circuit
including, for example, a micro computer. The control
device 180 includes a processor and a memory. The
memory stores therein a control program. The processor
reads and executes the program stored in the memory.
[0045] When the processor executes the control pro-
gram, the control device 180 executes predetermined
processing to control operation of the air conditioning de-
vice 100. In particular, when the processor executes the
program stored in the memory, the functions of a human
body identify part 181, an estimated temperature calcu-
lator 182, and an air blow control unit 183 to be described
later are achieved.
[0046] The control device 180 has an input side con-
nected with a sensor system including, for example, the
human body sensor 170. The control device 180 has an
output side connected with various actuators including,
for example, the air blow fan 122, the left side vertical
deflector stepping motor 161, the right side vertical de-
flector stepping motor 162, the right-left deflector step-
ping motor 163, and the sensor stepping motor 172.
[0047] The control device 180 is connected with the
operation unit 190 including, for example, a remote con-
troller to perform mutual communication therebetween.
A user operates the operation unit 190 to, for example,
turn power on and off, perform switching between the
heating operation and the cooling operation, and perform
settings of temperature, wind direction, air volume, and
the like. The control device 180 controls the operation of
the air conditioning device 100 by driving the actuators
based on inputs from the sensor system and the opera-
tion unit 190. Examples of control executed by the control
device 180 include control of the cooling operation, the
heating operation, an air blow operation, and an opera-
tion of scanning the human body sensor 170.
[0048] As illustrated in Fig. 7, the control device 180
includes the human body identify part 181, the estimated
temperature calculator 182, and the air blow control unit
183. The human body identify part 181 detects a human
body existing in the temperature detection target range
of the human body sensor 170 based on a result of the
detection by the human body sensor 170 as the temper-
ature sensor. The detection of a human body can be per-
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formed by using, for example, the shape, distribution (rel-
ative positional relation), and area of each region, the
surface temperature of which detected by the human
body sensor 170 is equal to or higher than a predeter-
mined reference temperature. Specifically, the reference
temperature is set to be, for example, 30?C with the body
temperature of a human body taken into account.
[0049] Subsequently, the human body identify part 181
identifies a region in which a human body detected in this
manner exists. The region in which a human body exists
can be identified by using, for example, the shape, dis-
tribution (relative positional relation), and area of each
region having a surface temperature equal to or higher
than a certain temperature, and the relative magnitude
relation between the temperatures of the regions. The
region in which a human body exists, which is identified
by the human body identify part 181, may include a part,
the surface temperature of which detected by the human
body sensor 170 is lower than the reference temperature.
When the region in which a human body exists is identi-
fied, the shape of the region is identified, in other words,
the shape of the human body is identified. Thus, "identify
a region in which a human body exists" can be rephrased
as "identify the shape of a human body".
[0050] The human body identify part 181 may identify
the entire region in which a human body exists all at once,
or may individually identify a region in which a human
body exists for each site of the human body. When the
region in which each site of the human body exists is
individually identified, the human body identify part 181
identifies, for example, regions in which the head, the
chest, an arm, an upper leg, a lower leg, a hand, and a
foot of the human body exist. The "hand" herein is a part
on the leading end side of the wrist. The "foot" herein is
a part on the leading end side of the ankle.
[0051] In this case, the human body identify part 181
may identify, in particular, a part, the surface temperature
of which detected by the human body sensor 170 is equal
to or higher than a predetermined temperature, as a re-
gion in which at least one of the head, chest, and abdo-
men of the human body exists. When identifying each
region in which a site of the human body exists, the hu-
man body identify part 181 may also identify the temper-
ature, the position, and a clothing state of each site. The
"clothing state" is a state related to whether skin at the
site is covered by clothes or the like, or exposed.
[0052] When the human body sensor 170 includes an
ultrasonic wave sensor in addition to an infrared sensor
configured to detect surface temperature, the human
body identify part 181 may detect a human body based
on a result of detection by the infrared sensor and a result
of detection by the ultrasonic wave sensor, and identify
a region in which the detected human body exists.
[0053] The identification of each region in which a site
of a human body exists by the human body identify part
181 will be described below by using a specific example
with reference to Fig. 4 again. In the example illustrated
in Fig. 4, a human body is detected in the detection re-

gions of the uppermost to fourth (four) light-receiving el-
ements.
[0054] Specifically, the uppermost light-receiving ele-
ment detects the head of a human body. The head is
exposed, and has a skin temperature higher than that at
the other part of the human body, for example, a skin
temperature equal to or higher than 30?C. Thus, the hu-
man body identify part 181 can identify a region to which
the head of the human body belongs based on heat im-
age data acquired by the human body sensor 170. More
specifically, the human body identify part 181 analyzes
heat image data acquired by the uppermost light-receiv-
ing element through scanning in the horizontal direction.
Then, when the shape of a heat source having a detected
temperature equal to or higher than 30?C matches with
the shape (for example, a circular shape) of a human
head stored in advance in the horizontal direction, the
heat source is identified as a head.
[0055] The second light-receiving element detects the
chest and an arm of a human body. The chest is covered
by clothes in most cases, and skin is hardly exposed
there. Skin of the arm is exposed or not exposed, de-
pending on cases. The human body identify part 181 can
determine whether the arm is exposed based on surface
temperature detected by the human body sensor 170.
Specifically, when skin of the arm is exposed, a skin tem-
perature equivalent to or slightly lower than that of the
head is detected at the position corresponding to the arm.
This is because the arm is colder than the head in some
cases, and in such a case, the temperature of the arm is
detected to be lower than that of the head.
[0056] The third light-receiving element detects an up-
per leg of a human body. The upper leg is covered by
clothes in most cases. Thus, the surface temperature of
clothes is detected at the position corresponding to the
upper leg. The surface temperature of clothes is lower
than the temperature of skin. When a hand is placed be-
side the upper leg, a temperature equivalent to or lower
than that of the head is detected at the position of the
hand. The hand is colder than the head in some cases.
In such a case, a temperature lower than that of the head
is detected at the position of the hand.
[0057] The fourth light-receiving element detects a
lower leg of a human body. When the human body wears
clothes such as socks, the surface temperature of clothes
is detected at the position of the lower leg. When the foot
is cold, a temperature lower than the surface temperature
of clothes is detected at the position corresponding to
the lower leg whether or not clothes are worn.
[0058] Similarly to the head of a human body, for each
site of the chest, an arm, an upper leg, a lower leg, a
hand, and a foot of the human body, the human body
identify part 181 identifies a region in which the site exists
by comparing the shape of a region having a temperature
equal to or higher than a certain temperature with the
shape of the site stored in advance.
[0059] The description continues with reference to Fig.
7 again. The estimated temperature calculator 182 first
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identifies, in a region in which a human body exists, which
is identified by the human body identify part 181, a site
of the human body in which the temperature of the human
body is not detected by the human body sensor 170.
Hereinafter, a site of a human body in which the temper-
ature is not detected by the human body sensor 170 is
referred to as a "temperature undetected site". This tem-
perature undetected site is a site in which the temperature
of a human body cannot be detected by the human body
sensor 170 due to, for example, clothes on the human
body and an obstacle such as furniture placed in the
room.
[0060] For example, the estimated temperature calcu-
lator 182 identifies, as a temperature undetected site, a
part of a region in which a human body exists, which is
identified by the human body identify part 181, the part
having a temperature lower than the above-described
reference temperature by a certain temperature or more.
Alternatively, for example, the estimated temperature
calculator 182 identifies, as a temperature undetected
site, a part of a region in which a human body exists,
which is identified by the human body identify part 181,
the part having a temperature different from the surface
temperature outside the region by a certain temperature
or less. Alternatively, when a region in which a human
body exists is individually identified for each site of the
human body by the human body identify part 181, the
estimated temperature calculator 182 may identify, as a
temperature undetected site, a region in which one or
both of a foot and a lower leg of the human body identified
by the human body identify part 181 exist.
[0061] Subsequently, the estimated temperature cal-
culator 182 calculates an estimated temperature value
of the identified temperature undetected site. The esti-
mated temperature calculator 182 performs this calcula-
tion of the estimated temperature value of the tempera-
ture undetected site based on a result of the detection
by the temperature sensor and a result of the detection
by the floor temperature sensor. In this example, the hu-
man body sensor 170 also serves as the temperature
sensor and the floor temperature sensor as described
above. Thus, in the example described in Embodiment
1, the estimated temperature calculator 182 calculates
the estimated temperature value of the temperature un-
detected site based on a result of the detection by the
human body sensor 170.
[0062] For example, the estimated temperature calcu-
lator 182 calculates the estimated value of the tempera-
ture undetected site of the human body based on the
floor temperature around the human body and the tem-
perature of the site of the human body, the temperature
of which is detected by the human body sensor 170. For
this calculation, the memory of the control device 180
stores therein in advance a relational expression that cal-
culates the temperature of an optional site of a human
body based on the floor temperature around the human
body and the temperature of a site such as the head of
the human body, the skin temperature of which is likely

to be detected. Then, the estimated temperature calcu-
lator 182 calculates the estimated temperature value of
the temperature undetected site of the human body
based on the detected floor temperature and the detected
temperature of the human body by using the relational
expression.
[0063] When the temperature undetected site is a site
such as a foot close to the floor, the estimated tempera-
ture value of the foot as the temperature undetected site
may be calculated based on the floor temperature only.
Specifically, in such a case, a relational expression of
the floor temperature around the human body and the
foot temperature of the human body is stored in the mem-
ory of the control device 180 in advance. Then, the esti-
mated te
(EN) Provided is an air conditioning device that can per-
form blowing control which takes into account the surface
temperature of part of a person’s body that is hidden by
an obstruction such as a piece of furniture, and that can
appropriately blow conditioned air onto the body of a user.
Accordingly, this air conditioning device is configured to
comprise: a blowing mechanism that can change the
wind direction of conditioned air blown out from a blowing
out port; a temperature detecting means that detects a
surface temperature within a preset detection range; a
person’s body identifying unit that detects a person’s
body and identifies a region in which the detected per-
son’s body exists on the basis of a detection result of the
temperature detecting means; a floor temperature de-
tecting means that detects a floor temperature; an esti-
mated temperature calculating unit that identifies a part
of the person’s body for which the temperature of the
person’s body is not detected by the temperature detect-
ing means in the region in which the person’s body exists,
and calculates an estimated value of the temperature of
the identified part of the person’s body on the basis of
the detection result of the temperature detecting means
and a detection result of the floor temperature detecting
means; and a blowing control unit that controls the blow-
ing mechanism on the basis of the estimated value of the
temperature of the part of the person’s body.mperature
calculator 182 calculates the estimated foot temperature
value of the human body based on the detected floor
temperature by using this relational expression.
[0064] The air blow control unit 183 controls the above-
described air blow mechanism based on the estimated
temperature value of a site of a human body, which is
calculated by the estimated temperature calculator 182
as described above. Specific contents of control of the
air blow mechanism based on the estimated temperature
value of a temperature undetected site will be described
below for each case of the heating operation and the
cooling operation. The control of the air blow mechanism
based on the estimated temperature value of a temper-
ature undetected site to be described below may be per-
formed in only one or both of the heating operation and
the cooling operation.
[0065] The following first describes the case of the
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heating operation. When the estimated temperature val-
ue of a site of a human body, which is calculated by the
estimated temperature calculator 182 is lower than a
heating reference temperature in the heating operation,
the air blow control unit 183 controls the air blow mech-
anism so that the direction of conditioned air points to
the position of the human body. When the estimated tem-
perature value of the site of the human body, which is
calculated by the estimated temperature calculator 182
is higher than the heating reference temperature in the
heating operation, the air blow control unit 183 controls
the air blow mechanism so that the direction of condi-
tioned air points in a direction away from the position of
the human body, thereby performing what is called "hu-
man-avoiding air blow".
[0066] In this case, the air blow mechanism is desirably
controlled so that the distance between the human body
and conditioned air airflow is equal to or longer than 0.3
m. The shortest distance between conditioned air airflow
and the human body is preferably set to be equal to or
longer than 0.3 m. With this setting, when conditioned air
airflow spreads to some extent, the airflow can be suffi-
ciently prevented from reaching the human body.
[0067] The air blow control unit 183 calculates the heat-
ing reference temperature based on a result of the de-
tection by the temperature sensor and a result of the de-
tection by the floor temperature sensor. In this example,
the human body sensor 170 also serves as the temper-
ature sensor and the floor temperature sensor as de-
scribed above. Thus, in the example described in Em-
bodiment 1, the air blow control unit 183 calculates the
heating reference temperature based on the temperature
of the human body detected by the human body sensor
170 and the floor temperature detected by the human
body sensor 170.
[0068] Specifically, the heating reference temperature
is calculated as the sum of the product of the temperature
of the upper body among the temperature of the human
body detected by the human body sensor 170 and a
weighting coefficient and the product of the floor temper-
ature around the human body detected by the human
body sensor 170 and a weighting coefficient. The detec-
tion of the upper body of the human body by the human
body sensor 170 is unlikely to be interrupted by an ob-
stacle such as furniture in the room as compared to the
lower body. Thus, the heating reference temperature can
be stably calculated by using the temperature of the up-
per body.
[0069] The difference between the floor temperature
around the human body and the temperature of a foot of
the human body may be used instead of directly using
the floor temperature. In this case, when the temperature
of the foot of the human body can be directly detected
by the human body sensor 170, the value detected by
the human body sensor 170 is used. When the foot of
the human body is a temperature undetected site, the
estimated temperature value of the foot of the human
body calculated by the estimated temperature calculator

182 is used.
[0070] The weighting coefficients are determined in
advance and stored in the memory of the control device
180 or the like in advance. When used, the weighting
coefficients are read. The weighting coefficient that mul-
tiplies the temperature of the human body and the weight-
ing coefficient that multiplies the floor temperature are
separately set. Specifically, the upper body is preferably,
for example, the head, the chest, or the abdomen as de-
scribed above. This is because hands and arms are often
used in life, and the temperatures thereof are likely to
vary by movement and thus preferably avoided from be-
ing directly used to calculate the heating reference tem-
perature.
[0071] In some cases, a plurality of human bodies are
detected in the room, and the estimated temperature val-
ues of temperature undetected sites of two or more of
the human bodies are lower than the heating reference
temperature. In such a case, the air blow control unit 183
may control the air blow mechanism so that the direction
of conditioned air points to a middle place among the two
or more human bodies, the estimated temperature values
of the temperature undetected sites of which are lower
than the heating reference temperature.
[0072] The following describes the case of the cooling
operation. When the estimated temperature value of a
site of a human body, which is calculated by the estimated
temperature calculator 182, is higher than a cooling ref-
erence temperature in the cooling operation, the air blow
control unit 183 controls the air blow mechanism so that
the direction of conditioned air points to the position of
the human body. When the estimated temperature value
of the site of the human body, which is calculated by the
estimated temperature calculator 182, is lower than the
cooling reference temperature in the cooling operation,
the air blow control unit 183 controls the air blow mech-
anism so that the direction of conditioned air points in a
direction away from the position of the human body,
thereby performing what is called "human-avoiding air
blow". In this case, similarly to the case of the heating
operation, the air blow mechanism is desirably controlled
so that the distance between the human body and con-
ditioned air airflow is equal to or longer than 0.3 m.
[0073] Similarly to the heating reference temperature
described above, the cooling reference temperature is
calculated based on a result of the detection by the tem-
perature sensor and a result of the detection by the floor
temperature sensor. Specifically, in the example de-
scribed in Embodiment 1, the air blow control unit 183
calculates the cooling reference temperature based on
the temperature of the human body detected by the hu-
man body sensor 170 and the floor temperature detected
by the human body sensor 170.
[0074] Specifically, the cooling reference temperature
is calculated as the sum of the product of the temperature
of the upper body among the temperature of the human
body detected by the human body sensor 170 and a
weighting coefficient and the product of the floor temper-
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ature around the human body detected by the human
body sensor 170 and a weighting coefficient. The weight-
ing coefficient used to calculate the cooling reference
temperature is determined in advance separately from
the weighting coefficient used to calculate the heating
reference temperature.
[0075] Similarly to the heating reference temperature,
the difference between the floor temperature around the
human body and the temperature of a foot of the human
body may be used instead of directing using the floor
temperature. When the foot of the human body is a tem-
perature undetected site, the estimated temperature val-
ue of the foot of the human body, which is calculated by
the estimated temperature calculator 182, is used.
[0076] The following describes, with reference to Fig.
8, an exemplary operational process of the heating op-
eration of the air conditioning device 100 configured as
described above. When the air conditioning device 100
starts the heating operation in response to, for example,
an operation of the operation unit 190 by the user, first,
at step S1, the human body sensor 170 starts surface
temperature detection, and the human body identify part
181 starts human body detection based on a result of the
detection by the human body sensor 170. At the subse-
quent step S2, the human body identify part 181 checks
whether a human body has been detected based on the
result of the detection by the human body sensor 170.
When no human body has been detected, the process
returns to step S1. When the human body identify part
181 has detected a human body, the process proceeds
to step S3.
[0077] At step S3, first, the human body identify part
181 identifies each region in which a site of the detected
human body exists. Then, the human body identify part
181 acquires the temperature of each site of the human
body existing in the identified region based on the result
of the detection by the human body sensor 170.
[0078] At the subsequent step S4, the estimated tem-
perature calculator 182 checks whether the temperature
of a foot of the human body (foot temperature) identified
by the human body identify part 181 can be detected by
the human body sensor 170. When the foot temperature
of the human body cannot be detected by the human
body sensor 170, the foot of the human body is identified
as a "temperature undetected site". In such a case, the
process proceeds to step S5.
[0079] At step S5, the estimated temperature calcula-
tor 182 acquires the floor temperature around a region
in which the foot of the human body exists based on the
result of the detection by the human body sensor 170.
At the subsequent step S6, the estimated temperature
calculator 182 calculates the estimated temperature val-
ue of the foot as a temperature undetected site of the
human body based on the floor temperature acquired at
step S5. After step S6, the process proceeds to step S7.
When the temperature of the foot of the human body can
be detected by the human body sensor 170 at step S4,
the process proceeds from step S4 to step S7 without

going through steps S5 and S6.
[0080] At step S7, the air blow control unit 183 checks
whether the temperature of each site of the human body
identified by the human body identify part 181 is lower
than the heating reference temperature. Before the
check, the air blow control unit 183 calculates the heating
reference temperature based on the temperature of each
site of the human body acquired at step S3 and the floor
temperature acquired at step S5. In this case, when step
S6 has been executed to calculate the estimated value
of the foot temperature of the human body, the estimated
value of the foot temperature of the human body is ad-
ditionally used to calculate the heating reference temper-
ature.
[0081] Then, the air blow control unit 183 checks
whether the temperature of each site of the human body
acquired at step S3 is lower than the heating reference
temperature. When step S6 has been executed to cal-
culate the estimated value of the foot temperature of the
human body, the air blow control unit 183 also checks
whether the estimated value of the foot temperature of
the human body is lower than the heating reference tem-
perature. Then, when the temperature of each site of the
human body including the estimated value is lower than
the heating reference temperature, the process proceeds
to step S8.
[0082] At step S8, the air blow control unit 183 controls
the air blow mechanism to blow conditioned air toward
the position of the human body detected by the human
body sensor 170. The conditioned air here is warm air.
After step S8, the process returns to step S1 and repeats
the above-described steps. Thus, the blowing of condi-
tioned air toward the position of the human body is con-
tinued as long as the temperature of each site of the
human body including the estimated value is lower than
the heating reference temperature at step S7. Then,
when the temperature of each site of the human body
including the estimated value becomes equal to or higher
than the heating reference temperature at step S7, the
process proceeds to step S9.
[0083] At step S9, the air blow control unit 183 performs
what is called "human-avoiding air blow". Specifically,
the air blow mechanism is controlled to blow conditioned
air in a direction away from the position of the human
body detected by the human body sensor 170. This ends
the serial operational process flows, but the above-de-
scribed steps S1 to S9 are repeatedly executed until the
heating operation of the air conditioning device 100 is
stopped.
[0084] The operational process of the cooling opera-
tion is substantially same as that of the heating operation
described above. Specifically, steps S1 to S6, S8, and
S9 in the case of the heating operation illustrated in Fig.
8 are same for a case in which the air conditioning device
100 starts the cooling operation in response to, for ex-
ample, an operation of the operation unit 190 by the user.
[0085] Then, in the case of the cooling operation, only
step S7 is different from that of the heating operation.
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Specifically, at step S7 of the cooling operation, the air
blow control unit 183 checks whether the temperature of
each site of a human body identified by the human body
identify part 181 is lower than the cooling reference tem-
perature. Before the check, the air blow control unit 183
calculates the cooling reference temperature based on
the temperature of each site of the human body acquired
at step S3 and the floor temperature acquired at step S5.
In this case, when step S6 has been executed to calculate
the estimated value of the foot temperature of the human
body, the estimated value of the foot temperature of the
human body is additionally used to calculate the cooling
reference temperature.
[0086] Then, the air blow control unit 183 checks
whether the temperature of each site of the human body
acquired at step S3 is equal to or higher than the cooling
reference temperature. When step S6 has been execut-
ed to calculate the estimated value of the foot tempera-
ture of the human body, the air blow control unit 183 also
checks whether the estimated value of the foot temper-
ature of the human body is equal to or higher than the
cooling reference temperature. Then, when the temper-
ature of each site of the human body including the esti-
mated value is equal to or higher than the cooling refer-
ence temperature, the process proceeds to step S8.
When the temperature of each site of the human body
including the estimated value is lower than the cooling
reference temperature, the process proceeds to step S9.
[0087] Fig. 9 illustrates an exemplary adjusted R-
squared value of the warm-cold feeling calculation for-
mula used in the heating operation of the air conditioning
device 100. The adjusted R-squared value is a determi-
nation coefficient provided with freedom adjustment. As
illustrated in Fig. 9, when the warm-cold feeling calcula-
tion formula has, as an explanatory variable, only the
temperature of the upper body detected by the human
body sensor 170 but not the estimated foot temperature
value calculated by the estimated temperature calculator
182, the adjusted R-squared value is 0.59. However,
when the warm-cold feeling calculation formula has, as
explanatory variables, the estimated foot temperature
value calculated by the estimated temperature calculator
182 in addition to the temperature of the upper body de-
tected by the human body sensor 170, the adjusted R-
squared value is 0.65, which indicates improvement of
the degree of fitting of the warm-cold feeling calculation
formula.
[0088] When the surface temperature of a human body
cannot be detected at a site by the human body sensor
170 due to an obstacle such as furniture, the air condi-
tioning device 100 configured as described above calcu-
lates the estimated temperature value of the site and con-
trols the air blow mechanism by using the estimated tem-
perature value of the site. Thus, conditioned air can be
appropriately blown to the human body of the user irre-
spective of the existence of an obstacle such as furniture,
which leads to an improved comfortable feeling of the
user.

[0089] The following describes a modification of the air
conditioning device 100 according to Embodiment 1 of
the present invention described above. In the modifica-
tion, when a human body has a temperature undetected
site at a foot or a hand, the estimated temperature cal-
culator 182 uses the floor temperature as the estimated
temperature value of the temperature undetected site.
The air blow control unit 183 uses the temperature of air
sucked through the air intake port 111 as the heating
reference temperature. The temperature of air sucked
through the air intake port 111 is the temperature of air
in the room in which the air conditioning device 100 is
installed, in other words, the indoor temperature. Thus,
in the modification, the air conditioning device 100 in-
cludes a temperature sensor configured to detect the
temperature of air sucked through the air intake port 111
or the indoor temperature.
[0090] As described above, when the estimated tem-
perature value of a site of a human body, which is calcu-
lated by the estimated temperature calculator 182 in the
heating operation, is lower than the heating reference
temperature, the air blow control unit 183 controls the air
blow mechanism so that the direction of conditioned air
points to the position of the human body. Thus, in the
modification, when the floor temperature is lower than
the temperature of air sucked through the air intake port
111 in the heating operation, the air blow control unit 183
controls the air blow mechanism so that the direction of
conditioned air points to the position of the human body.
[0091] Specifically, in the modification as described
above, when the temperature of a foot or hand of a human
body is not detected by the human body sensor 170 as
the temperature sensor and the floor temperature detect-
ed by the human body sensor 170 as the floor tempera-
ture sensor is lower than the temperature of air sucked
through the air intake port 111, the air blow control unit
183 controls the air blow mechanism so that the direction
of conditioned air points to the position of the human
body.
[0092] In this manner, it is possible to easily calculate
and set the estimated temperature value of a temperature
undetected site and the heating reference temperature,
perform air blow control with taken into account the sur-
face temperature of the human body of a user with a
reduced processing load when there is an obstacle such
as furniture, and appropriately blow conditioned air to the
human body of the user, which leads to an improved com-
fortable feeling of the user.
[0093] The inventor has confirmed through a heating
experiment that, when the floor temperature around a
person becomes equal to or higher than the set temper-
ature of the air conditioning device 100, the warm-cold
feeling of the person becomes equal to or higher than
neutral, in other words, the person tends to have a neutral
warm-cold feeling or feel slightly hot. When the warm-
cold feeling calculation formula has, as an explanatory
variable, the floor temperature detected by the human
body sensor 170 as the floor temperature sensor, the
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adjusted R-squared value is 0.58. This is equivalent to
the adjusted R-squared value of 0.59 when the warm-
cold feeling calculation formula has, as an explanatory
variable, only the temperature of the upper body detected
by the human body sensor 170. This indicates that, in
the modification, too, the degree of fitting of the warm-
cold feeling calculation formula is sufficient.

Embodiment 2

[0094] Figs. 10 and 11 relate to Embodiment 2 of the
present invention. Fig. 10 is a flowchart of air blow control
of the air conditioning device in the heating operation.
Fig. 11 is a diagram illustrating an exemplary adjusted
R-squared value of the warm-cold feeling calculation for-
mula used in the heating operation of the air conditioning
device.
[0095] In Embodiment 2 described below, the duration
in which the temperature of a region in which a temper-
ature undetected site of a human body exists is detected
by the human body sensor 170 is additionally used to
calculate the estimated temperature value of the site in
the configuration of Embodiment 1 described above. The
following describes the air conditioning device according
to Embodiment 2 with focus on difference from Embod-
iment 1.
[0096] Similarly to Embodiment 1, the control device
180 of the air conditioning device 100 according to Em-
bodiment 2 includes the human body identify part 181,
the estimated temperature calculator 182, and the air
blow control unit 183 as illustrated in Fig. 7. The estimated
temperature calculator 182 of the air conditioning device
100 according to Embodiment 2 calculates the estimated
temperature value of a temperature undetected site
based on the duration in which the temperature of the
human body is detected by the temperature sensor in
addition to a result of the detection by the temperature
sensor and a result of the detection by the floor temper-
ature sensor.
[0097] In this example, similarly to Embodiment 1, the
human body sensor 170 also serves as the temperature
sensor and the floor temperature sensor. Thus, in the
example described in Embodiment 2, the estimated tem-
perature calculator 182 calculates the estimated temper-
ature value of a temperature undetected site based on
the result of the detection by the human body sensor 170
and the duration in which the temperature of the human
body is detected by the human body sensor 170.
[0098] For example, the estimated temperature calcu-
lator 182 calculates the estimated temperature value of
a temperature undetected site of a human body based
on the floor temperature around the human body, the
temperature of the site of the human body, the temper-
ature of which is detected by the human body sensor
170, and the duration in which the temperature of the
human body is detected by the human body sensor 170.
For this calculation, the memory of the control device 180
stores therein in advance a relational expression that cal-

culates the temperature of an optional site of a human
body based on the floor temperature around the human
body, the temperature of a site such as the head of the
human body, the skin temperature of which is likely to be
detected, and the stay time of the human body in the
room.
[0099] Then, the estimated temperature calculator 182
calculates the estimated temperature value of a temper-
ature undetected site of a human body by using the re-
lational expression based on the detected floor temper-
ature, the detected temperature of a human body, and
the stay time of the human body in the room. The stay
time of the human body in the room can be calculated
based on the duration in which the temperature of the
human body is detected by the human body sensor 170.
[0100] The other configuration is same as that of Em-
bodiment 1, and thus detailed description thereof will be
omitted.
[0101] The following describes, with reference to Fig.
10, an exemplary operational flow of the heating opera-
tion of the air conditioning device 100 configured as de-
scribed above. In the flowchart illustrated in Fig. 10, steps
S11 to S14 are same as steps S1 to S4 in Fig. 8, and
thus description thereof will be omitted.
[0102] At step S15, the estimated temperature calcu-
lator 182 acquires an elapsed time since the human body
sensor 170 starts detection of the temperature of a hu-
man body, and sets the elapsed time to be the stay time
of the human body in the room. After step S15, the proc-
ess proceeds to step S16. Step S16 in Fig. 10 is same
as step S5 in Fig. 8.
[0103] At step S17, the estimated temperature calcu-
lator 182 calculates the estimated temperature value of
a foot as a temperature undetected site of the human
body based on the stay time acquired at step S15 and
the floor temperature acquired at step S16. After step
S17, the process proceeds to step S18. Steps S18 to
S20 in Fig. 10 are same as steps S7 to S9 in Fig. 8, and
thus description thereof will be omitted.
[0104] The above description is made on the opera-
tional process of the heating operation, but the opera-
tional process of the cooling operation is substantially
same. Specifically, steps S11 to S17, S19, and S20 in
the case of the heating operation illustrated in Fig. 10 are
same for a case in which the air conditioning device 100
starts the cooling operation in response to, for example,
an operation of the operation unit 190 by a user.
[0105] In the case of the cooling operation, only step
S18 is different from that in the heating operation. Spe-
cifically, at step S18 in the cooling operation, the air blow
control unit 183 checks whether the temperature of each
site of the human body identified by the human body iden-
tify part 181 is lower than the cooling reference temper-
ature. Before the check, the air blow control unit 183 cal-
culates the cooling reference temperature based on the
temperature of each site of the human body acquired at
step S13 and the floor temperature acquired at step S15.
In this case, when step S17 has been executed to cal-
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culate the estimated value of the foot temperature of the
human body, the estimated value of the foot temperature
of the human body is additionally used to calculate the
cooling reference temperature.
[0106] Then, the air blow control unit 183 checks
whether the temperature of each site of the human body
acquired at step S13 is equal to or higher than the cooling
reference temperature. When step S17 has been exe-
cuted to calculate the estimated value of the foot tem-
perature of the human body, the air blow control unit 183
also checks whether the estimated value of the foot tem-
perature of the human body is equal to or higher than the
cooling reference temperature. Then, when the temper-
ature of each site of the human body including the esti-
mated value is equal to or higher than the cooling refer-
ence temperature, the process proceeds to step S19.
When the temperature of each site of the human body
including the estimated value is lower than the cooling
reference temperature, the process proceeds to step
S20.
[0107] Fig. 11 illustrates an exemplary adjusted R-
squared value (determination coefficient provided with
freedom adjustment) of the warm-cold feeling calculation
formula used in the heating operation of the air condi-
tioning device 100. As illustrated in Fig. 11, the adjusted
R-squared value is 0.59 when the warm-cold feeling cal-
culation formula has, as an explanatory variable, only the
temperature of the upper body detected by the human
body sensor 170 but not the estimated foot temperature
value calculated by the estimated temperature calculator
182.
[0108] However, the adjusted R-squared value is 0.62
when the warm-cold feeling calculation formula has, as
explanatory variables, the estimated temperature value
of a foot leading end part calculated by the estimated
temperature calculator 182 in addition to the temperature
of the upper body detected by the human body sensor
170. The adjusted R-squared value is 0.61 when the
warm-cold feeling calculation formula has, as explana-
tory variables, the estimated temperature value of the
top of a foot calculated by the estimated temperature
calculator 182 in addition to the temperature of the upper
body detected by the human body sensor 170.
[0109] In this manner, appropriate temperature esti-
mated values can be calculated for small divided sites of
a foot, such as the leading end part and the top, which
indicates improvement of the degree of fitting of the
warm-cold feeling calculation formula.
[0110] The air conditioning device configured as de-
scribed above can achieve, in addition to effects similar
to those of Embodiment 1, improved accuracy for the
temperature estimated value of a site of a human body
by calculating the temperature estimated value of the site
of the human body with taken into account the stay time
of the human body in a room, and can further achieve
appropriate air blow control. In particular, when a plurality
of persons, the stay times of which are different are in a
room, conditioned air can be appropriately blown to each

person.

Embodiment 3

[0111] Fig. 12 relates to Embodiment 3 of the present
invention, and is a flowchart of air blow control of the air
conditioning device in the heating operation.
[0112] The following describes the air conditioning de-
vice according to Embodiment 3 with focus on difference
from Embodiment 1 or 2. In Embodiment 3 described
below, the human body sensor 170 is installed at a po-
sition different from that of the housing 110 of the air
conditioning device 100 in the configuration of Embodi-
ment 1 or 2 described above. Specifically, the human
body sensor 170 is installed on, for example, a wall or
ceiling of a room, the remote controller of the air condi-
tioning device 100, or a portable information terminal
such as a smartphone.
[0113] Alternatively, the human body sensor 170 may
be provided to a human body mounting unit attachable
to a human body. The human body mounting unit in-
cludes, for example, an extendable band, and can be
mounted on, for example, a wrist or ankle of the human
body. When the human body sensor 170 is installed at
a position different from that of the housing 110 of the air
conditioning device 100, the human body sensor 170 and
the control device 180 provided to the housing 110 are
configured to perform bidirectional communication ther-
ebetween.
[0114] The other configuration is same as that of Em-
bodiment 1 or 2, and thus detailed description thereof
will be omitted.
[0115] The following describes, with reference to Fig.
12, an exemplary operational flow of the heating opera-
tion of the air conditioning device 100 configured as de-
scribed above. In the flowchart illustrated in Fig. 12, steps
S21 to S24 are same as steps S1 to S4 in Fig. 8, and
thus description thereof will be omitted.
[0116] At step S25, the temperature of a foot of a hu-
man body is directly measured by the human body sensor
170 provided to the human body mounting unit mounted
on the human body. After step S25, the process proceeds
to step S26.
[0117] At step S26, the air blow control unit 183 checks
whether the temperature of each site of the human body
identified by the human body identify part 181 is lower
than the heating reference temperature. Before the
check, the air blow control unit 183 calculates the heating
reference temperature based on the temperature of each
site of the human body acquired at step S23 and the foot
temperature acquired at step S25.
[0118] Then, the air blow control unit 183 checks
whether the temperature of each site of the human body
acquired at step S23 is lower than the heating reference
temperature. When step S25 has been executed to di-
rectly measure the foot temperature of the human body,
the air blow control unit 183 also checks whether the
measured value of the foot temperature of the human
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body is lower than the heating reference temperature.
When the temperature of each site of the human body
including the measured value is lower than the heating
reference temperature, the process proceeds to step
S27. When the temperature of each site of the human
body including the measured value is equal to or higher
than the heating reference temperature, the process pro-
ceeds to step S28.
[0119] Steps S27 and S28 in Fig. 12 are same as steps
S8 and S9 in Fig. 8, and thus description thereof will be
omitted.
[0120] The above description is made on the opera-
tional process of the heating operation, but the opera-
tional process of the cooling operation can be performed
in a manner similar to that in Embodiment 1 or 2.
[0121] The air conditioning device configured as de-
scribed above can achieve effects similar to those of Em-
bodiment 1 or 2, and can directly measure the tempera-
ture of a site of a human body, the temperature of which
cannot be detected only by the human body sensor 170
installed in the housing 110 of the air conditioning device
100, and appropriately blow conditioned air to the human
body of a user, which leads to a further improved com-
fortable feeling of the user.

Embodiment 4

[0122] Fig. 13 relates to Embodiment 4 of the present
invention, and is a flowchart of air blow control of the air
conditioning device in the heating operation.
[0123] In Embodiment 4 described below, the human
body sensor 170 is provided with a camera configured
to capture an image of, for example, the face of a human
body in the configuration of any of Embodiments 1 to 3
described above. Personal authentication is performed
based on the image of, for example, the face captured
by the camera to perform air blow control appropriate for
a person. The following describes the air conditioning
device according to Embodiment 4 with focus on differ-
ence from Embodiments 1 to 3.
[0124] Specifically, the human body sensor 170 of the
air conditioning device 100 according to Embodiment 4
includes a camera configured to capture an image of a
human body. The human body identify part 181 of the
control device 180 performs personal authentication of
the human body based on the image of the human body
captured by the camera. The personal authentication can
be performed by extracting feature points from an image
of, for example, the face of the human body, and per-
forming matching or the like with feature points of each
person stored in the memory of the control device 180 in
advance.
[0125] The estimated temperature calculator 182 can
set parameters (such as weighting coefficients) different
between authenticated persons to a calculation formula
for the estimated temperature value of a temperature un-
detected site. The air blow control unit 183 can set pa-
rameters different between authenticated persons to a

calculation formula for the heating reference temperature
or the cooling reference temperature. In addition, a pa-
rameter such as the air volume can be set different be-
tween authenticated persons in control of the air blow
mechanism by the air blow control unit 183.
[0126] The other configuration is same as any of those
of Embodiments 1 to 3, and thus detailed description
thereof will be omitted.
[0127] The following describes, with reference to Fig.
13, an exemplary operational flow of the heating opera-
tion of the air conditioning device 100 configured as de-
scribed above. In the flowchart illustrated in Fig. 13, steps
S31 to S36 are same as steps S1 to S6 in Fig. 8, and
thus description thereof will be omitted.
[0128] At step S37, the human body identify part 181
performs personal authentication of the human body
based on image data obtained through image capturing
by the camera included in the human body sensor 170,
and identifies the person of the human body. After step
S37, the process proceeds to step S38.
[0129] Steps S38 to S40 in Fig. 13 are same as steps
S7 to S9 in Fig. 8, and thus description thereof will be
omitted.
[0130] The above description is made on the opera-
tional process of the heating operation, but the opera-
tional process of the cooling operation can be performed
in a manner similar to those in Embodiments 1 to 3.
[0131] The air conditioning device configured as de-
scribed above can achieve effects similar to those of Em-
bodiment 1, 2, or 3, and can set air blow control param-
eters different between persons identified through per-
sonal authentication and achieve, for example, air blow
control reflecting the warm-cold feeling difference be-
tween the persons, which leads to a further improved
comfortable feeling of a user.
[0132] In the configurations of Embodiments 1 to 4 de-
scribed above, one or both of air blow control in the heat-
ing operation and air blow control in the cooling operation
may be employed. Moreover, air blow control in the heat-
ing operation and air blow control in the cooling operation
in embodiments different from each other may be em-
ployed in combination.
[0133] When air is blown toward a human body, the air
may be blown toward a particular site of the human body,
not toward the entire human body. Specifically, for ex-
ample, the air may be blown toward the feet of the human
body in a focused manner. In the configuration of Em-
bodiment 4, which can identify a person, a particular site
of the human body to which air is blown may be different
between persons.
[0134] In addition, air blow control may be performed
by using temperature information such as the room tem-
perature, the temperature at the air intake port 111 of the
air conditioning device, and the temperature at the air
outlet port 112 in addition to the floor temperature and
the skin temperature. In this case, for example, the
change amount or change rate of the temperature infor-
mation per constant time may be used.
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Industrial Applicability

[0135] The present invention is applicable to an air con-
ditioning device including an air blow mechanism capable
of changing the direction of conditioned air blown out
through an air outlet port.

Reference Signs List

[0136]

100 Conditioning device
110 Housing
111 Air intake port
112 Air outlet port
113 Front surface panel
121 Heat exchanger
122 Air blow fan
131 Front-left side vertical deflector
132 Front-right side vertical deflector
141 Back-left side vertical deflector
142 Back-right side vertical deflector
150 Right-left deflector
161 Left side vertical deflector stepping motor
162 Right side vertical deflector stepping motor
163 Right-left deflector stepping motor
170 Human body sensor
171 Cylindrical metal can
172 Sensor stepping motor
173 Distributive view angle
180 Control device
181 Human body identify part
182 Estimated temperature calculator
183 Air blow control unit
190 Operation unit

Claims

1. An air conditioning device comprising:

a housing having an air intake port and an air
outlet port;
a heat exchanger arranged in the housing, the
heat exchanger configured to exchange heat
with air sucked from the air intake port to gen-
erate conditioned air;
an air blow mechanism provided to the housing,
the air blow mechanism configured to generate
air flow which sucks air from the air intake port
and blows out the conditioned air from the air
outlet port, and capable of changing a direction
of the conditioned air which blows from the air
outlet port;
a temperature sensor configured to detect sur-
face temperature in a predetermined detection
range;
a human body identify part configured to detect

a human body and to identify a region in which
the detected human body exists based on a de-
tection result of the temperature sensor;
a floor temperature sensor configured to detect
floor temperature;
an estimated temperature calculator configured
to identify a site in which temperature of the hu-
man body is not detected by the temperature
sensor in the region in which the human body
exists, and to calculate an estimated value of
temperature of the identified site of the human
body based on the detection result of the tem-
perature sensor and a detection result of the
floor temperature sensor;
an air blow control unit configured to control the
air blow mechanism based on the estimated val-
ue of temperature of the site of the human body.

2. The air conditioning device according to claim 1,
wherein the air blow control unit:

controls the air blow mechanism so that the di-
rection of the conditioned air points to the posi-
tion of the human body when the estimated tem-
perature value of the site of the human body,
which is calculated by the estimated tempera-
ture calculator, is lower than a heating reference
temperature in a heating operation; and
controls the air blow mechanism so that the di-
rection of the conditioned air points in a direction
away from the position of the human body when
the estimated temperature value of the site of
the human body, which is calculated by the es-
timated temperature calculator, is higher than
the heating reference temperature in the heating
operation.

3. The air conditioning device according to claim 1,
wherein the air blow control unit:

controls the air blow mechanism so that the di-
rection of the conditioned air points to the posi-
tion of the human body when the estimated tem-
perature value of the site of the human body,
which is calculated by the estimated tempera-
ture calculator, is higher than a cooling reference
temperature in cooling operation; and
controls the air blow mechanism so that the di-
rection of the conditioned air points in a direction
away from the position of the human body when
the estimated temperature value of the site of
the human body, which is calculated by the es-
timated temperature calculator, is lower than the
cooling reference temperature in the cooling op-
eration.

4. The air conditioning device according to any one of
claims 1 to 3, wherein the human body identify part
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individually identifies the region in which the human
body exists for each site of the human body.

5. The air conditioning device according to claim 4,
wherein the human body identify part identifies a part
in which the surface temperature detected by the
temperature sensor is equal to or higher than a pre-
determined temperature as a region in which at least
one of the head, chest, and abdomen of the human
body exists.

6. The air conditioning device according to claim 4 or
5, wherein the estimated temperature calculator
identifies a region in which one or both of a foot and
a lower leg of the human body identified by the hu-
man body identify part exist, as the site in which the
temperature of the human body is not detected by
the temperature sensor.

7.  The air conditioning device according to any one of
claims 1 to 6, wherein the estimated temperature
calculator calculates an estimated temperature val-
ue of the site of the human body in which the tem-
perature of the human body is not detected by the
temperature sensor, additionally based on a duration
in which the temperature of the human body is de-
tected by the temperature sensor.

8. The air conditioning device according to any one of
claims 1 to 7, wherein the air blow mechanism in-
cludes:

an air blow fan configured to generate airflow
passing through the heat exchanger;
a vertical wind direction control plate configured
to vertically adjust the direction of the condi-
tioned air blown out through the air outlet port;
a horizontal wind direction control plate config-
ured to horizontally adjust the direction of the
conditioned air blown out through the air outlet
port;
a first stepping motor configured to drive the ver-
tical wind direction control plate; and
a second stepping motor configured to drive the
horizontal wind direction control plate.

9. The air conditioning device according to claim 2 or
3, wherein, when controlling the air blow mechanism
so that the direction of the conditioned air points in
a direction away from the position of the human body,
the air blow control unit controls the air blow mech-
anism so that the distance between the human body
and airflow of the conditioned air is equal to or larger
than 0.3 m.

10. The air conditioning device according to any one of
claims 1 to 9, wherein the temperature sensor in-
cludes an infrared sensor.

11. The air conditioning device according to any one of
claims 1 to 10, further comprising an ultrasonic wave
sensor capable of detecting an object, wherein the
human body identify part detects the human body
based on a result of the detection by the temperature
sensor and a result of the detection by the ultrasonic
wave sensor, and identifies the region in which the
detected human body exists.

12. The air conditioning device according to any one of
claims 1 to 11, wherein the temperature sensor is
provided to the human body mounting unit attacha-
ble to the human body.

13. The air conditioning device according to any one of
claims 1 to 12, wherein the temperature sensor also
serves as the floor temperature sensor.

14. An air conditioning device comprising:

a housing having an air intake port and an air
outlet port;
a heat exchanger arranged in the housing, the
heat exchanger configured to exchange heat
with air sucked through the air intake port to gen-
erate conditioned air;
an air blow mechanism provided to the housing,
the air blow mechanism configured to generate
air flow which sucks air from the air intake port
and blows out the conditioned air from the air
outlet port, and capable of changing the direction
of the conditioned air blown out from the air outlet
port;
a temperature sensor configured to detect sur-
face temperature in a predetermined detection
range;
a floor temperature sensor configured to detect
floor temperature; and
an air blow control unit configured to control,
when the temperature in a site of a foot or a hand
of a human body is not detected by the temper-
ature sensor and the floor temperature is lower
than the temperature of air sucked through the
air intake port, the air blow mechanism so that
the direction of conditioned air points to the po-
sition of the human body.
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