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VEHICLE AIR CONDITIONER

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on Japanese Patent Applications
No. 2003-386979 filed on Nov. 17, 2003 and No. 2004-
239670 filed on Aug. 19, 2004, the disclosure of which is
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a vehicle air conditioner
having a non-contact temperature sensor that detects a surface
temperature of a passenger within a passenger compartment
in non-contact so that an air conditioning state in the passen-
ger compartment is controlled.

BACKGROUND OF THE INVENTION

In an air conditioning system for a vehicle, a surface tem-
perature (e.g., face skin temperature of a passenger) in a
temperature detection area of a passenger compartment is
detected by a non-contact temperature sensor (e.g., infrared
rays temperature sensor). According to the surface tempera-
ture, an air conditioning state in the passenger compartment is
controlled to provide a comfortable air conditioning to the
passenger (refer to JP-A-2-158412).

However, in the air conditioning system, when there is an
obstacle such as a fired cigarette with an abnormal tempera-
ture or a vanity mirror with a room temperature between the
infrared rays temperature sensor and the passenger, the infra-
red rays temperature sensor detects not only the surface tem-
perature of the passenger but also the surface temperature of
the obstacle. Accordingly, the air conditioning state in the
passenger compartment cannot be normally controlled.

SUMMARY OF THE INVENTION

In view of the above-described problems, it is an object of
the present invention to provide a vehicle air conditioner for
controlling an air conditioning state of a passenger compart-
ment by using a non-contact temperature sensor. In the
vehicle air conditioner, an abnormal control of the air condi-
tioning state due to an obstacle between the non-contact tem-
perature sensor and a passenger can be effectively restricted.

According to the present invention, a vehicle air condi-
tioner includes: an air conditioning unit for conditioning air in
a passenger compartment of the vehicle; a non-contact tem-
perature sensor for detecting a surface temperature of a tem-
perature detection area in the passenger compartment in non-
contact; a first calculating means for calculating a first air-
conditioning control value, which indicates a first target air
conditioning state in the passenger compartment, based on
the detected surface temperature of the non-contact tempera-
ture sensor; a determining unit for determining whether an
obstacle having an abnormal temperature exists between the
temperature detection area and the non-contact temperature
sensor; a second calculating means for calculating a second
air-conditioning control value indicating a second target air
conditioning state in the passenger compartment according to
a temperature information when the determining unit deter-
mines that the obstacle exists between the temperature detec-
tion area and the non-contact temperature sensor; and a con-
trol unit for controlling the air conditioning unit. Here, the
temperature information has an influence degree due to the
temperature of the obstacle less than the detected surface
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temperature of the non-contact temperature sensor. In this air
conditioner, when the determining unit determines that the
obstacle does not exist between the temperature detection
area and the non-contact temperature sensor, the control unit
controls the air conditioning unit based on the first air-condi-
tioning control value. In contrast, when the determining unit
determines that the obstacle exists between the temperature
detection area and the non-contact temperature sensor, the
control unit corrects the first air-conditioning control value to
be approached to the second air-conditioning control value so
as to calculate a corrected air-conditioning control value, and
the control unit controls the air conditioning unit based on the
corrected air conditioning control value.

In the present invention, because the control unit controls
the air conditioning unit based on the corrected air-condition-
ing control value when it is determined that the obstacle exists
between the temperature detection area and the non-contact
temperature sensor, the abnormal control of the air condition-
ing state in the passenger compartment due to the obstacle can
be effectively restricted.

For example, when a difference between the first air-con-
ditioning control value and the second air-conditioning con-
trol value is larger than a predetermined value, the determin-
ing unit determines that the obstacle exists between the
temperature detection area and the non-contact temperature
sensor. In addition, when the determining unit determines that
the obstacle exists between the temperature detection area
and the non-contact temperature sensor, the control unit cal-
culates the corrected air-conditioning control value by sub-
tracting the predetermined value from the second air-condi-
tioning control value when the first air-conditioning control
value is smaller than the second air-conditioning control
value; and the control unit calculates the corrected air-condi-
tioning control value by adding the predetermined value to
the second air-conditioning control value when the first air-
conditioning control value is larger than the second air-con-
ditioning control value.

Alternatively, when the determining unit determines that
the obstacle exists between the temperature detection area
and the non-contact temperature sensor, the control unit adds
the predetermined value to the first air-conditioning control
value to calculate the corrected air-conditioning control value
when the first air-conditioning control value is smaller than
the second air-conditioning control value; and the control unit
subtracts the predetermined value from the first air-condition-
ing control value to calculate the corrected air-conditioning
control value when the first air-conditioning control value is
larger than the second air-conditioning control value.

Preferably, the air conditioner further includes a contact
temperature sensor for detecting an air temperature of the
passenger compartment by contacting. In this case, the sec-
ond calculating means uses the detected air temperature of the
contact temperature sensor as the temperature information for
calculating the second air-conditioning control value. More
preferably, the non-contact temperature sensor includes a
skin temperature detection element for detecting a passen-
ger’s skin temperature as the surface temperature of the tem-
perature detection area. Alternatively, the non-contact tem-
perature sensor further includes a clothes temperature
detection element for detecting a clothes temperature of the
passenger. In this case, the second calculating means calcu-
lates the second air-conditioning control value by using at
least the clothes temperature detected by the clothes tempera-
ture detection element as the temperature information.

More preferably, the non-contact temperature sensor
includes a plurality of detection elements, which are arranged
for detecting in non-contact the surface temperatures of cor-
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responding parts separated in the temperature detection area,
and the determining unit determines that the obstacle exists
between the temperature detection area and the non-contact
temperature sensor when the number of the detection ele-
ments which have substantially the same detected surface
temperature is equal to or larger than a predetermined num-
ber.

Alternatively, when the number of the detection elements,
which have detected surface temperature changed by equal to
or larger than a predetermined temperature at the same time,
is equal to or larger than a predetermined value, the determin-
ing unit determines that the obstacle exists between the tem-
perature detection area and the non-contact temperature sen-
sor.

Alternatively, when the detected surface temperature of
predetermined detection elements among the plurality of
detection elements changes by equal to or larger than a pre-
determined temperature, the determining unit determines that
the obstacle exists between the temperature detection area
and the non-contact temperature sensor. For example, the
predetermined detection elements of the plurality of detection
elements are at least two detection elements separated from
each other. Alternatively, when the detected surface tempera-
ture of predetermined detection elements among the plurality
of'detection elements are substantially same, the determining
unit determines that the obstacle exists between the tempera-
ture detection area and the non-contact temperature sensor.
For example, the predetermined detection elements are upper
side detection elements and lower side detection elements
among the plurality of detection elements.

In the air conditioner of the present invention, the air con-
ditioning unit can include a plurality of temperature adjusting
units for adjusting the temperature of air to be blown into the
passenger compartment. In this case, the first and second
calculating units calculate the first and second target tempera-
tures to be adjusted by the temperature adjusting units, as the
first and the second air-conditioning control values, respec-
tively. For example, the temperature adjusting units are
arranged to correspond to seats in the passenger compart-
ment, the non-contact temperature sensor detects the surface
temperature corresponding to each of the seats of the tem-
perature detection area, the first and the second calculating
means respectively calculate the first and the second target
temperatures corresponding to each of the seats, and the
determining unit determines whether the obstacle exists
between the non-contact temperature sensor and the tempera-
ture detection area in each of the seats. In this case, when the
determining unit determines that the obstacle does not exist
between the non-contact temperature sensor and the tempera-
ture detection area, the control unit controls the temperature
adjusting units based on the first target temperature. In con-
trast, when the determining unit determines that the obstacle
exists between the non-contact temperature sensor and the
temperature detection area, the control unit corrects the first
target temperature to be approached to the second target tem-
perature so as to calculate a corrected target temperature used
as the corrected air-conditioning control value, and the con-
trol unit controls the temperature adjusting units based on the
corrected target temperature. Accordingly, in the vehicle air
conditioner, an abnormal control of the air conditioning state
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due to an obstacle between the non-contact temperature sen-
sor and a passenger can be more effectively restricted.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become more apparent from the following
detailed description made with reference to the accompany-
ing drawings, in which:

FIG. 1 is a schematic diagram showing an air blowing-out
port arrangement and a seat arrangement in a passenger com-
partment according to a first embodiment of the present
invention;

FIG. 2 is a schematic diagram showing an entire structure
of'avehicle air conditioner according to the first embodiment;

FIG. 3 is a schematic diagram showing an infrared rays
temperature sensor according to the first embodiment;

FIG. 4 is a view showing a driver seat side detection portion
of the infrared rays temperature sensor according to the first
embodiment;

FIG. 5 is a flow diagram for performing a front air condi-
tioning control or a rear air conditioning control of an air
conditioning controller according to the first embodiment;

FIG. 6 is a graph showing a control map for determining an
inside/outside air mode in the front air conditioning control in
FIG. 5;

FIG. 7 is a graph showing a control map for determining an
air outlet mode in the front or rear air conditioning control in
FIG. 5;

FIG. 8 is a graph showing a control map for determining a
blower voltage in the front or rear air conditioning control in
FIG. 5;

FIG. 9 is a flow chart for calculating a target blowing-out
temperature of air blown out to a right rear side seat in the air
conditioning control in FIG. 5 according to the first embodi-
ment;

FIG. 10 is a flow chart for calculating a target blowing-out
temperature of air blown out to a left rear side seat in the air
conditioning control in FIG. 5 according to the first embodi-
ment;

FIG. 11 is a flow chart for calculating a target blowing-out
temperature of air blown out to a right rear side seat in an air
conditioning control in FIG. 5 according to a second embodi-
ment of the present invention;

FIG. 12 is a flow chart for calculating a target blowing-out
temperature of air blown out to a left rear side seat in the air
conditioning control in FIG. 5 according to the second
embodiment;

FIG. 13 is a view showing an arrangement of an assistant
seat side detection portion of an infrared rays temperature
sensor according to a third embodiment of the present inven-
tion;

FIG. 14 is a flow chart for calculating a target blowing-out
temperature of air blown out to a left rear side seat according
to the third embodiment;

FIGS. 15A and 15B are views showing a temperature-
detected state of the assistant seat side detection portion of the
infrared rays temperature sensor according to the third
embodiment;

FIGS. 16A and 16B are views showing a temperature-
detected state of an assistant seat side detection portion of an
infrared rays temperature sensor according to a fourth
embodiment of the present invention;

FIGS. 17A and 17B are views showing a temperature-
detected state of an assistant seat side detection portion of an
infrared rays temperature sensor according to a fifth embodi-
ment of the present invention; and
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FIGS. 18A and 18B are views showing a temperature-
detected state of an assistant seat side detection portion of an
infrared rays temperature sensor according to a sixth embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A first embodiment of the present invention will be now
described with reference to FIGS. 1-10. In the first embodi-
ment, a vehicle air conditioner independently controls each of
air-conditioning operations of air conditioning zones 1a, 15,
1¢, 1d within a vehicle compartment interior (passenger com-
partment) 1. FIG. 1 is a schematic diagram showing the
arrangement of the air conditioning zones 1a, 15, 1¢, 1d. The
air conditioning zone 1a is located on a right-hand side in a
front seat air conditioning zone. The air conditioning zone 15
is located on a left-hand side in the front seat air conditioning
zone. The air conditioning zone 1c¢ is located on a right-hand
side in an air conditioning zone of a rear seat 4. The air
conditioning zone 14 is located on a left-hand side in the air
conditioning zone of the rear seat 4. The arrows of FIG. 1
show front, rear, left and right directions of the vehicle. FIGS.
1 and 2 show a vehicle state having a right steering wheel.
Therefore, the air conditioning zone 1a is positioned on a side
of a driver’s seat 2, and the air conditioning zone 15 is posi-
tioned on a side of an assistant front-passenger’s seat 3. A
front right seat, a front left seat, a rear right seat and a rear left
seat are placed in the air conditioning zones 1a, 15, 1c and 14,
respectively.

As shown in FIG. 1, this vehicle air conditioner has an
interior air conditioner unit portion constructed with a front
seat air conditioning unit 5 and a rear seat air conditioning
unit 6. The front seat air conditioning unit 5 respectively
independently controls air-conditioning states of the air con-
ditioning zones la, 15, and the rear seat air conditioning unit
6 respectively independently controls air-conditioning states
of the air conditioning zones 1¢, 1d. Generally, the air-con-
ditioning state includes a temperature, an air amount to be
blown into the passenger compartment 1, and switching
operation of blowing-out ports (i.e., air outlet mode) and the
like.

The front seat air conditioning unit 5 is arranged inside an
instrument panel 7 (dashboard), which is positioned most
forward in the passenger compartment 1. The rear seat air
conditioning unit 6 is arranged most backward in the passen-
ger compartment 1. The front seat air conditioning unit 5 has
aduct 50 for sending and blowing air to a front seat side of the
passenger compartment 1. An inside air introducing inlet 50a
for introducing inside air (i.e., air inside the passenger com-
partment) from the passenger compartment 1 and an outside
air introducing inlet 505 for introducing outside air (i.e., air
outside the passenger compartment) from the vehicle com-
partment exterior are provided in this duct 50.

Further, an inside-outside air switching door 51 for selec-
tively opening and closing the outside air introducing inlet
506 and the inside air introducing inlet 50q is arranged in the
duct 50. A servomotor 51q as a driving means is connected to
this inside-outside air switching door 51.

Further, a centrifugal type blower 52 for generating the air
flow toward the passenger compartment 1 is arranged on an
air downstream side of the outside air introducing inlet 505
and the inside air introducing inlet 50a within the duct 50. The
centrifugal type blower 52 is constructed with a vane wheel
and a blower motor 52a for rotating this vane wheel.
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Furthermore, an evaporator 53 as an air cooling means for
cooling the air is arranged on an air downstream side of the
centrifugal type blower 52 within the duct 50. A heater core
54 as an air heating means is arranged on an air downstream
side of this evaporator 53 within the duct 50.

A partition plate 57 is arranged on an air downstream side
of'the evaporator 53 within the duct 50. This partition plate 57
partitions the interior of the duct 50 into a driver seat side
passage 50c¢ (e.g., right front seat side passage) and an assis-
tant driver seat side passage 504 (e.g., front-passenger’s seat
side passage or left front seat side passage) Here, a bypass
passage 50¢ is formed on a one side of the heater core 54 in the
driver seat side passage 50c. Through the bypass passage 50e,
cool air cooled by the evaporator 53 bypasses the heater core
54 in the driver seat side passage 50c. A bypass passage 50fis
formed on the other side of the heater core 54 in the assistant
driver seat side passage 50d. Through the bypass passage 50f,
cool air cooled by the evaporator 53 bypasses the heater core
54 in the assistant driver seat side passage 50d.

Airmix doors 55a, 55b are arranged on an air upstream side
of'the heater core 54. The air mix door 55a adjusts the ratio of
an air amount passing through the heater core 54 and an
amount passing through the bypass passage 50e in the driver
seat side passage 50c, in accordance with an open degree of
the air mix door 55a. Therefore, conditioned air to be blown
to the front right side air-conditioning zone la can be
adjusted.

Further, the air mix door 554 adjusts the ratio of an air
amount passing the heater core 54 and an air amount passing
the bypass passage 50fin the assistant driver seat side passage
50d, in accordance with an open degree of the air mix door
55b. Therefore, conditioned air to be blown to the front left
side air-conditioning zone 15 can be adjusted.

Here, servomotors 550a, 5505 as driving means are respec-
tively connected to the air mix doors 55a, 556. The open
degrees of the air mix doors 55a, 556 are respectively
adjusted by the servomotors 550a, 5505.

Further, the evaporator 53 is a cooling heat exchanger
constituting a well-known refrigerating cycle together with a
compressor, a condenser, a liquid receiver and a pressure
reducing device that are unillustrated. In the evaporator 53,
low-pressure refrigerant is evaporated by absorbing an evapo-
ration latent heat from air flowing in the duct 50, so that air
flowing through the evaporator 53 in the duct 50 is cooled.

The compressor is connected to an engine of the vehicle
through an unillustrated electromagnetic clutch. The opera-
tion of this compressor is stopped and controlled by control-
ling connection and disconnection of the electromagnetic
clutch.

Theheater core 54 is a heat exchanger using engine cooling
water (hot water) of the vehicle as a heat source. This heater
core 54 heats the cool air after being cooled by the evaporator
53.

Further, a driver seat side face blowing-out port 56a is
opened on an air downstream side of the heater core 54 in the
duct 50. The driver seat side face blowing-out port 56a blows
out the conditioned air toward the upper half of the body of a
driver sitting on the driver seat from the driver seat side
passage 50c. Here, a blowing-out port switching door 56¢ for
opening and closing the face blowing-out port 56« is arranged
at an air upstream portion of the face blowing-out port 56a in
the duct 50. This blowing-out port switching door 56¢ is
opened and closed by a servomotor 56e as a driving means.

A driver seat side foot blowing-out port for blowing-out the
conditioned air to the lower half of the body of the driver from
the driver seat side passage 50c¢ and a driver seat side defroster
blowing-out port for blowing-out the conditioned air to the
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inner surface of a front windshield on the driver’s seat side are
arranged in the duct 50 although these blowing-out ports are
omitted in the drawings.

Blowing-out port switching doors for opening and closing
the respective blowing-out ports are arranged in air upstream
portions of the driver seat side foot blowing-out port and the
driver seat side defroster blowing-out port. The respective
blowing-out port switching doors are opened and closed by
the servomotors.

Further, a front-passenger’s seat side face blowing-out port
564 is opened on an air downstream side of the heater core 54
in the duct 50. The front-passenger’s seat side face blowing-
out port 565 blows out the conditioned air toward the upper
halfofthe body of a passenger sitting on the front-passenger’s
seat from the front-passenger’s seat side passage 50d.

Here, a blowing-out port switching door 564 for opening
and closing the face blowing-out port 565 is arranged at an air
upstream portion of the face blowing-out port 565 in the duct
50. This blowing-out port switching door 564 is opened and
closed by a servomotor 56fas a driving means.

Further, the face blowing-out ports 56a, 565 are arranged
on a dashboard 7 to be divided into a center face air outlet at
a center area in a vehicle right-left direction (vehicle width
direction) and a side face air outlet at right and left sides of the
center face air outlet.

A front-passenger’s seat side foot blowing-out port for
blowing-out the conditioned air to the lower half of the body
of the front passenger from the front-passenger’s seat side
passage 50d, and a front-passenger’s seat side defroster blow-
ing-out port for blowing-out the conditioned air to the inner
surface of the front windshield on the front-passenger’s seat
side are arranged in the duct 50 although these blowing-out
ports are omitted in the drawings.

Blowing-out port switching doors for opening and closing
the respective blowing-out ports are arranged in air upstream
portions of the front-passenger’s seat side foot blowing-out
port and the front-passenger’s seat side defroster blowing-out
port. The blowing-out port switching doors are operatively
linked by a servomotor 56f.

Further, the rear seat air conditioning unit 6 has a duct 60
for sending and blowing air to the rear seat area in the pas-
senger compartment 1. Only the inside air is introduced from
the passenger compartment 1 into an inside air introducing
duct 604 through an inside air introducing inlet 60a.

Here, a centrifugal type blower 62 for generating an air
flow toward the passenger compartment 1 is arranged on an
air downstream side of the inside air introducing duct 605.
The centrifugal type blower 62 is constructed with a vane
wheel and a blower motor 62a for rotating this vane wheel.
The vane wheel of the blower 62 is indicated in FIG. 2 as an
axial vane wheel. However, actually, the vane wheel of the
blower 62 is a centrifugal vane wheel.

Further, an evaporator 63 as an air cooling means for cool-
ing the introduced air is arranged on an air downstream side of
the centrifugal type blower 62 within the duct 60. A heater
core 64 as an air heating means for heating the air is arranged
on an air downstream side of this evaporator 53.

A partition plate 67 is arranged on a downstream portion of
the evaporator 63 within the duct 60. This partition plate 67
partitions the interior of the duct 60 into a rear right side
passage 60a (i.e., driver’s seat side passage) and a rear left
side passage 604 (i.e., front-passenger’s seat side passage).

Here, a bypass passage 60¢ is formed on a one side of the
heater core 64 in the rear right side passage 60c. Through the
bypass passage 60e, cool air cooled by the evaporator 63
bypasses the heater core 64 in the rear right side passage 60c.
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A bypass passage 60f'is formed on the other side of the
heater core 64 in the rear left seat side passage 60d. Through
the bypass passage 60f, the cool air cooled by the evaporator
63 bypasses the heater core 64 in the rear left seat side passage
60d.

Airmix doors 65a, 65b are arranged on an air upstream side
of'the heater core 64. The air mix door 65a adjusts the ratio of
an air amount passing through the heater core 64 and an air
amount passing through the bypass passage 60e in the cool air
flowing in the rear right seat side passage 60c, in accordance
with an open degree of the air mix door 65a.

The air mix door 656 adjusts the ratio of an air amount
passing through the heater core 64 and an air amount passing
through the bypass passage 60f1in the cool air passing the rear
left seat side passage 604, in accordance with an open degree
of the air mix door 655.

Servomotors 650a, 6505 as a driving means are respec-
tively connected to the air mix doors 65a, 655. The open
degrees of the air mix doors 65a, 655 are respectively
adjusted by the servomotors 650a, 6505.

Here, the evaporator 63 is piped and connected in parallel
with the above evaporator 53, and is a heat exchanger consti-
tuting one constructional element of the above well-known
refrigerating cycle.

The heater core 64 is a heat exchanger using the engine
cooling water (warm water) of the vehicle as a heat source.
The heater core 64 is connected to the above heater core 54 in
parallel therewith, and heats the cool air after being cooled by
the evaporator 63.

Further, a rear right face blowing-out port 664 is opened on
an air downstream side of the heater core 64 in the rear right
air passage 60¢ within the duct 60. The rear right face blow-
ing-out port 66a blows out the conditioned air toward the
upper half of the body of a passenger sitting on the right-hand
side (i.e., the rear side of the driver seat) of arear seat from the
rear right side passage 60c.

A rear left face blowing-out port 665 is opened on an air
downstream side of the heater core 64 in the rear left side
passage 60d within the duct 60. This face blowing-out port
665 blows out the conditioned air toward the upper half of the
body of a passenger sitting on the left-hand side (i.e., the rear
side of the assistant driver seat) of the rear seat from the rear
left side passage 60d.

Here, a face door 66¢ for opening and closing the rear right
face blowing-out port 66a is arranged in an air upstream
portion of the rear right face blowing-out port 66a. This
blowing-out port switching door 66a is opened and closed by
a servomotor 660c as a driving means.

Similarly, a face door 664 for opening and closing the rear
left face blowing-out port 665 is arranged in an air upstream
portion of the rear left face blowing-out port 665. This blow-
ing-out port switching door 665 is opened and closed by a
servomotor 6604 as a driving means.

A rear right side foot blowing-out port for blowing out the
conditioned air to the lower half of the body of the rear seat
right-hand side passenger from the rear right side passage 60c
is arranged in the duct 60 although this rear right side foot
blowing-out port is omitted in the drawings.

Further, a foot door for opening and closing this foot blow-
ing-out port is arranged in an air upstream portion of the rear
right side foot blowing-out port. This foot door is opened and
closed by the servomotor 660c.

Similarly, a rear left side foot blowing-out port for blowing
out the conditioned air to the lower half of the body of the rear
seat left-hand side passenger from the rear left side passage
604 is arranged in the duct 60 although this foot blowing-out
port is omitted in the drawings. A foot door for opening and
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closing this rear left side foot blowing-out port is arranged in
an air upstream portion of this rear left side foot blowing-out
port. This foot blowing-out port switching door is opened and
closed by the servomotor 660d.

Further, an electronic controller (hereinafter called an air
conditioning ECU 8) for controlling each of the air condition-
ing operations of the front seat air conditioning unit 5 and the
rear seat air conditioning unit 6 is provided in the vehicle air
conditioner.

An outside air temperature sensor 81, an engine-cooling
water temperature sensor 82, solar radiation sensors 83a (83)
and 835 (83), a front seat side evaporator temperature sensor
86 and a rear seat side evaporator temperature sensor 87 are
connected to the air conditioning ECU 8.

The outside air temperature sensor 81 detects an outside air
temperature outside the passenger compartment, and an out-
side air temperature signal Tam corresponding to the detected
temperature is outputted to the air conditioning ECU 8. The
cooling water temperature sensor 82 detects a cooling water
temperature of the engine, and a cooling water temperature
signal Tw corresponding to the detected temperature is out-
putted to the air conditioning ECU 8.

The solar radiation sensors 83a and 835 are positioned on
an upper surface of the instrument panel 7 (i.e., at an inner
side of the front windshield) at an approximate center area in
the vehicle right-left direction. The solar radiation sensors
83a and 835 are respectively arranged to face a right side and
a left side of the vehicle to detect solar radiation amounts
irradiated to the driver seat side (i.e., right seat side) and the
assistant driver seat side (i.e., left seat side), so that solar
radiation signals TsDr and TsPa detected by the solar radia-
tion sensors 83a and 835 are respectively outputted to the air
conditioning ECU 8 corresponding to the detected solar
radiation amounts.

The inside air temperature sensor 84 detects an air tem-
perature in the air conditioning zones 1a, 15, and outputs an
inside air temperature signal TrFr corresponding to the
detected inside air temperature to the air conditioning ECU 8.
Similarly, the inside air temperature sensor 85 detects an air
temperature in the air conditioning zones 1c, 14, and outputs
an inside air temperature signal TrRr corresponding to the
detected inside air temperature to the air conditioning ECU 8.

In this case, thermistors are used as the air temperature
sensors 84 and 85 for detecting the air temperature in contact.

The front seat side evaporator temperature sensor 86
detects an air temperature immediately after passing through
the front seat side evaporator 53, and outputs an evaporator
temperature signal TeFr corresponding to the detected tem-
perature of the evaporator 86 to the air conditioning ECU 8.
Therear seat side evaporator temperature sensor 87 detects an
air temperature immediately after passing through the rear
seat side evaporator 63, and outputs an evaporator tempera-
ture signal TeRr corresponding to the detected temperature of
the evaporator 87 to the air conditioning ECU 8.

Temperature setting switches 9, 10, 11, 12 are respectively
provided for setting desirable temperatures TsetFrDr, Tset-
FrPa, TsetRrDr, TsetRrPa, which will be inputted to the air-
conditioning ECU, of the air conditioning zones 1a, 16, 1¢,1d
by a passenger. The temperature setting switches 9-12 are
connected to the air-conditioning ECU 8. Displays 9a, 10a,
11a, 124 for displaying the setting contents of the desirable
temperatures, etc. are respectively arranged in the vicinity of
the temperature setting switches 9, 10, 11, 12.

As a non-contact temperature sensor, an infrared rays tem-
perature sensor 70, connected with an input side of the air
conditioning ECU 8, is arranged at a front side on a ceiling
portion approximately at the center area in the vehicle right-
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left direction. That is, the infrared rays temperature sensor 70
is positioned at an upper side of the solar radiation sensor 83.

The air conditioning ECU 8 is a well-known device con-
structed with an analog/digital converter, a microcomputer,
etc. The air conditioning ECU 8 is constructed such that
output signals respectively outputted from sensors 81, 82, 83
(83a, 83b), 84, 85, 86, 87 and switches 9, 10, 11, 12 are
analog/digital-converted by the analog/digital converter and
are inputted to the microcomputer.

The microcomputer is a well-known microcomputer con-
structed with a memory such as a ROM, a RAM, etc., and a
CPU (central processing unit), etc. When an ignition switch is
turned on, electric power is supplied from an unillustrated
battery to the microcomputer.

The infrared rays temperature sensor 70 is constructed with
thermopile detection elements which detect an electromotive
force change corresponding to a change of infrared rays inci-
dent from a detection object as a temperature change.

The infrared rays temperature sensor 70 includes a driver
seat side detection portion 71 (right seat side detection por-
tion) and an assistant seat side detection portion 72 (left seat
side detection portion), which are respectively provided with
the plural detection elements that are arranged in predeter-
mined shapes.

As shown in FIG. 3, infrared rays, radiated from the detect-
ing object of the front right air conditioning zone 1« and the
rear right air conditioning zone 1c¢, enter to the driver seat side
detection portion 71 through a right lens 73. Similarly, infra-
red rays, radiated from the detecting object of the front left air
conditioning zone 15 and the rear left air conditioning zone
1d, enter to the assistant seat side detection portion 72 through
a left lens 74.

Inthis case, the driver seat side detection portion 71 and the
right lens 73 are arranged to be tilted to a right outside by a
predetermined angle 61 relative to the center line A of FIG. 3
perpendicular to the vehicle right-left direction. Similarly, the
assistant seat side detection portion 72 and the left lens 74 are
arranged to be tilted to a left outside by the predetermined
angle 01 relative to the center line A of FIG. 3 perpendicular
to the vehicle right-left direction. Accordingly, the infrared
rays, radiated form a vehicle rear portion with respect to the
driver seat side front portion, enter the driver seat side detec-
tion portion 71 in a predetermined range of 02 (e.g., 62=2x
01), for example, approximately 85°. Similarly, the infrared
rays, radiated form a vehicle rear portion with respect to the
assistant seat side front portion, enter the assistant seat side
detection portion 72 in the predetermined range of 62, for
example, approximately 85°.

The lens 73 and 74 are made of a material with a high
infrared rays transmittance respectively.

Each of the plural detection elements, for constructing the
driver seat side detection portion 71 and the assistant seat side
detection portion 72, includes an infrared ray absorbing film
and a thermoelectric couple portion. The infrared ray absorb-
ing film absorbs infrared rays radiated through the lens 73 and
74 from a detecting object, and converts it to heat. The ther-
moelectric couple portion converts heat generated from the
infrared ray absorbing film to electric voltage (i.e., electric
energy).

As shown in FIG. 3, electrical signals generated from the
detection elements of the driver seat side detection portion 71
and the assistant seat side detection portion 72 are input to an
electrical circuit 75. The electrical circuit 75 is connected to
the input side of the air conditioning ECU 8 through a con-
nector 76.

FIG. 4 shows driver seat side detection portions A and B of
the driver seat side detection portion 71. A in FIG. 4 indicates
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a shape of an infrared rays receiving portion 70a of the driver
seat side detection portion 71 at a side of the driver’s seat 2
when being viewed from the side of a front windows glass.
The infrared rays receiving portion 70a includes the detection
elements 700-703. A detection object of the detection ele-
ments 700 and 701 is a side window glass SG atthe side of the
driver’s seat 2. The detection elements 700 and 701 are
arranged in a line in the vertical direction to correspond to a
shape of the side window glass SG (i.e., detection object) of
the side of the driver’s seat 2.

In this embodiment, the infrared rays receiving portion
includes the thermoelectric couple portion and the infrared
ray absorbing film which is positioned on the thermoelectric
couple portion.

A detection object of the detection element 702 is a face
skin of the driver, and the detection element 702 is arranged in
a shape corresponding to a skin area exposed on the driver
face (i.e., area except for glasses, mustache, hair, etc.), which
is simplified as a quadrilateral as shown in FIG. 4A. A detec-
tion object of the detection element 703 is an upper-side
clothes portion of the driver, and the detection element 703 is
arranged in a shape corresponding to that of the upper side
clothes portion of the driver.

B in FIG. 4 indicates a shape of an infrared rays receiving
portion 705 of the detection portion 71 at a right side of the
rear seat 4, when being viewed from the side of the front
windows glass. The infrared rays receiving portion 706
includes detection elements 711-716. A detection object of
the detection elements 711 and 712 is a trim panel of the
passenger compartment 1 at the right side of the rear seat 4
(i.e., trim panel of ceiling portion above rear windows glass).
Therefore, the detection elements 711 and 712 are arranged in
a line in a vehicle width direction to correspond to a shape of
the trim panel on the rear right side.

A detection object of the detection elements 713-716 is an
upper-side clothes portion of the passenger at the right side of
the rear seat 4. Therefore, the detection elements 713-716 are
arranged in a shape corresponding to that of the clothes por-
tion of the passenger. A detection object of the detection
element 717 is a face skin area of the passenger at the right
side of the rear seat 4. Therefore, the detection element 717 is
arranged in a shape corresponding to the skin area exposed on
the passenger face (i.e., area except for glasses, mustache,
hair, etc.), which is simplified as a quadrilateral in FIG. 4.

Similarly to that of the driver seat side detection portion 71,
the assistant seat side detection portion 72 includes detection
elements 700-703, 711-717 (not shown). The detection ele-
ments 700-703, 711-717 of the assistant seat side detection
portion 72 are arranged right-left symmetrically to the detec-
tion elements 700-703, 711-717 of the driver seat side detec-
tion portion 71.

That is, in the assistant seat side detection portion 72, the
detection elements 700 and 701 are arranged in a line in the
vertical direction to correspond to a shape of the side window
glass SG (i.e., detection object) of the assistant seat side. The
detection element 702 is arranged in a shape corresponding to
that of a skin area exposed on the face of the passenger at the
front side assistant seat. The detection element 703 is
arranged in a shape corresponding to that of the clothes por-
tion of the passenger at the front side assistant seat. The
detection elements 711 and 712 are arranged in a line in the
vehicle width direction to correspond to a shape of a trim
panel at a left side of the rear seat 4. The detection elements
713-716 are arranged in a shape corresponding to that of a
clothes portion of the passenger at the left side of the rear seat
4. The detection element 717 is arranged in a shape corre-
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sponding to a skin area exposed on a face (i.e., area except for
glasses, mustache, hair, etc.) of the passenger at the left side
of the rear seat 4.

The operation of this embodiment will next be described
with reference to FIGS. 5t0 9.

When an ignition switch is turned on, electric power is
supplied to the air conditioning ECU 8. When the electrical
power is supplied to the air conditioning ECU 8, the micro-
computer of the air conditioning ECU 8 executes a computer
program stored in the memory in accordance with flow charts
shown in FIG. 5, which show front and rear automatic air
conditioning controls of the air conditioning ECU 8. The
execution of this computer program is generally started when
the ignition switch is turned on.

First, the front air conditioning control will be now
described.

At step S121 shown in FIG. 5, front right and left set
temperature signals TsetFrDr, TsetFrPa are input from the
temperature setting switch 9, 10. Then, at step S122, an out-
side air temperature signal Tam from the outside air tempera-
ture sensor 81, solar radiation signals TsDr, TsPa from the
right side and the left side solar radiation sensors 83a, 836 and
an front seat side inside air temperature signal TrFr from the
front seat side inside air temperature sensor 84 are input.
Moreover, detected signals from the driver seat side detection
portion 71 and the assistant seat side detection portion 72 are
inputted which are described later.

Next, at step S123, a target blowing-out temperature
TAOFrDr of air to be blown out to the air conditioning zone
1a in the passenger compartment is calculated in accordance
with the formula (1) by using the set temperature signal
TsetFrDr set by the switcher 10 of the driver seat side, the
outside air temperature signal Tam detected by the outside air
temperature sensor 81, the solar radiation signal TsDr and the
inside air temperature signal TrFr. The target blowing-out
temperature TAOFrDr is a necessary target temperature for
maintaining the temperature of the front right air conditioning
zone la (driver’s seat air conditioning zone) at the set tem-
perature TsetFrDr regardless of an environment temperature
of the vehicle.

TAOFrDr=KsetFrDrx TsetFrDr-Kirx FrDr Tir—KrFrx
TrFr—KsFrxTsDr-Kamx Tam+CFrDr

ey
wherein, KsetFrDr, Kir, KrFr, KsFr, Kam are control gains
(i.e., coefficients), and CFrDr is a constant. FrDrTir is a sur-
face temperature of the driver at the right side front seat, and
is determined by the detected temperature of the infrared rays
receiving portion 70a of the detection portion 71. Specifi-
cally, FrDrTir is calculated according to the formula (1-1) by
using detected temperature signals Ta2, Ta3 of the detection
elements 702, 703 and coefficients K1, K2.

FrDrTir=(Ta2xK1+Tu3xK2)/2 (1-1)

Further, at the step S123, a target blowing-out temperature
TAOFrPa of air blown out to the air conditioning zone 15 in
the passenger compartment is calculated in accordance with
the formula (2) by using the set temperature signal TsetFrPa,
the outside air temperature signal Tam, the solar radiation
signal TsPa and the inside air temperature signal TrFr. The
target blowing-out temperature TAOFrPa is a necessary target
temperature for maintaining the temperature of the front left
air conditioning zone 15 (assistant’s seat air conditioning
zone) at the set temperature TsetFrPa.

TAOFrPa=KsetFrPax TsetFrPa-KirxFrPaTir-KrFrx

TrFr-KsFrxTsPa—KamxTam+CFrPa 2)
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wherein, KsetFrPa, Kir, KrFr, KsFr, Kam are control gains
(i.e., coefficients), and CFrPa is a constant. FrPaTir is a sur-
face temperature of the driver at the left side front seat, and is
determined by the detected temperature of the infrared rays
receiving portion 70a of the detection portion 72. Specifi-
cally, FrPaTir is calculated according to the formula (2-1) by
using detected temperature signals Ta02, Ta03 of the detec-
tion elements 702, 703 and coefficients K1, K2.

FrPaTir=(1a02xK1+Ta03xK2)/2 (2-1)

Next, at step S124, one of an inside air circulation mode, an
inside-outside air mixing mode and an outside air introduc-
tion mode are selected as an inside/outside air mode based on
the control map shown in FIG. 6, in accordance with an
average front target blowing-out temperature TAOfrav. The
average front target blowing-out temperature TAOfrav is an
average value of the TAOFrPa and TAOFrDr. When the aver-
age front target blowing-out temperature TAOfrav is lower
than a low predetermined temperature, the inside/outside air
mode s selected to be the inside air circulation mode in which
only inside air is circulated. When the average front target
blowing-out temperature TAOfrav is higher than a high pre-
determined temperature, the inside/outside air mode is
selected to be the outside air introduction mode in which only
outside air is introduced. When the average front target blow-
ing-out temperature TAOfrav is in a middle temperature range
between the low predetermined temperature and the high
predetermined temperature, the inside/outside air mode is
selected to be the inside-outside air mixing mode in which
both the outside air and the inside air are introduced.

Next, at step S125, an air outlet mode for the front right air
conditioning zone 1a and an air outlet mode for the front left
air conditioning zone 14 are independently determined in
accordance with the graph in FIG. 7 based on the target
blowing-out temperatures TAOFrDr and TAOFrPa, respec-
tively. As shown in FIG. 7, the air outlet mode for the air
conditioning zone 1a is automatically changed in this order of
a face mode (FACE), a bi-level mode (B/L.) and a foot mode
(FOOT) as the target blowing-out temperature TAOFrDr
increases. Similarly, the air outlet mode for the air condition-
ing zone 15 is automatically changed in this order of the face
mode (FACE), the bi-level mode (B/L) and the foot mode
(FOOT) as the target blowing-out temperature TAOFrPa
increases.

In the face mode, conditioned air is blown only from the
face blowing-out port 56a (565) toward an upper side of a
passenger on the front seat in the passenger compartment. In
the foot mode, the foot blowing-out port is fully opened so
that conditioned air is blown toward a lower side of the
passenger only from the foot blowing-out port. Further, in the
bi-level mode, conditioned air is blown to both the lower side
and the upper side of the passenger from both the face blow-
ing-out port 56a (565) and the foot blowing-out port.

Next, at step S126, a blower voltage applied to the blower
motor 52a is determined in accordance with the control map
shown in FIG. 8, based on the average front target blowing-
out temperature TAOfrav which is the average value of the
TAOFrDr and the TAOFrPa.

As shown in FIG. 8, when the average front target blowing-
out temperature TAOfrav is in a middle temperature area
between low and high predetermined temperatures, the
blower voltage is set at a constant low value, so that the air
amount blown from the blower 524 is set at a constant low
amount. When the average front target blowing-out tempera-
ture TAOfrav is lower than the lower predetermined tempera-
ture or higher than the high predetermined temperature, the
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blower voltage is set larger than the constant low value, so that
the air amount blown from the blower 52a is increased.

Next, at step S127, target open degrees SWFrDr, SWFrPa
of the air mix doors 55a, 555 are calculated in accordance
with formula (3) and formula (4).

SWErDr=[(TAOFrDr—TeFr)/ (Tw-TeFr)|x100(%) 3)

SWFrPa=[(TAOFrPa-TeFr)/(Tw-TeFr)]x100(%) 4

In the formulas (3) and (4), TeFr is an evaporator air tem-
perature detected by the evaporator temperature sensor 86,
and Tw is a water temperature detected by the water tempera-
ture sensor 82. When SWFErDr=0% and SWFrPa=0%, the air
mix doors 55a, 55b are operated at the maximum cooling
position so that all air after passing through the front evapo-
rator 53 in the air passages 50c¢, 504 flows through the bypass
passages 50e, 50f. In contrast, when SWFrDr=100% and
SWFrPa=100%, the air mix doors 554, 555 are operated at the
maximum heating position so that all air after passing through
the front evaporator 53 in the air passages 50¢, 504 flows
through the heater core 54.

Then, at step S128, the control signals of the blower volt-
age, the target open degrees SWFrDr, SWFrPa, the inside/
outside air mode and the air outlet mode determined above are
output to the servomotors 51a, 550qa, 5505, 56¢ and 56/ and
the blower motor 52a, so as to control operation of the inside/
outside air switching door 51, the air mix doors 554, 555, the
air outlet mode switching doors 56¢, 564 and the blower 52.

After a predetermined time “t” passes at step S129, the
control program returns to step S121, and the automatic con-
trol of the air conditioning zones 1la, 15 are performed by
repeating the above control operation.

Next, as shown in FIG. 5, a rear air conditioning control
will be described in which a control similar to the front air
conditioning control is simplified.

At step S121 in FIG. 5, rear right and left set temperature
signals TsetRrDr, TsetRrPa from the temperature setting
switch 11, 12 are input. Then, at step S122, various kinds of
sensor signals are input.

Next, at step S123, a target blowing-out temperature
TAOR<Dr of air blown out to the air conditioning zone 1c in
the passenger compartment is calculated in accordance with
control shown in FIG. 9. The target blowing-out temperature
TAOR<Dr is a necessary target temperature for maintaining
the temperature of the rear right air conditioning zone 1c¢ at
the set temperature TsetRrDr.

At step S200 in FIG. 9, a rear right temperature TirRrDr is
firstly calculated in accordance with the following formula
(5) by using a rear right trim panel temperature TirINRrDr, a
rear right window surface temperature TirWRrDr, a rear right
passenger’s clothes temperature TirCRrDr and a rear right
passenger’s skin temperature TirSRrDr. As shown in the for-
mula (5), relative to the parameters TirINRrDr, TirWRrDr,
TirCRrDr and TirSRrDr, weightings 0.3, 0.2, 0.14 and 0.36
are added, respectively. The rear right TirRrDr is calculated as
following.

TirRrDr=0.3xTirINRrDr+0.2x Tir WRrDr+0.14x Tir-

CRrDr+0.36xTirSR¥Dr (5)

Further, the rear right trim panel temperature TirINRrDr,
the rear right window surface temperature TirWRrDr, and the
rear right passenger’s clothes temperature TirCRrDr in the
formula (5), which are affected by the interior air, the exterior
air and solar radiation, are calculated by using average calcu-
lations shown in formulas (5-1), (5-2), and (5-3). The rear
right passenger’s skin temperature TirSRrDr is determined to



US 7,497,251 B2

15

be the detected temperature Tal7 of the detection element 717
of the driver seat side detection portion 71.

TirINRrDr=(Tal 1+Ta12)/2 (5-1)

TirWRrDr=(Ta00+Ta01)/2 (5-2)

TirCRrDr=(Tal13+Tul4+1215+1a16)/4

In the formulas (5-1), (5-2) and (5-3), Tall, Tal2, Ta00,
Ta01, Tal3, Tald, Tal5 and Talé6 are respectively detected
temperatures of the detection elements 711, 712, 700, 701,
713,714,715 and 716 of the driver seat side detection portion
71.

Next, at step S201, a rear right target blowing-out tempera-
ture TAORrDrIR of air blown out to the air conditioning zone
1c in the passenger compartment is calculated in accordance
with the formula (6) by using the set temperature signal
TsetReDr set by the rear right temperature setting switch 11.
The rear right target blowing-out temperature TAORrDrIR is
a necessary target temperature for maintaining the tempera-
ture of the rear right air conditioning zone 1c¢ at the set tem-
perature TsetRrDr. TAORrDrIR is a first air-conditioning
control value in this embodiment.

-3)

TAORrDrIR=TxTsetRrDr—5xTirRrDr—40 (6)
wherein, “7” and “5” are temperature setting gains (param-
eters), and “40” is a correction constant.

At step S202, the rear inside air temperature signal TrRr at
the rear seat side is used instead of the rear right temperature
TirRrDr to calculate a rear right target blowing-out tempera-
ture TAORrDrTR in accordance with the formula (7). TAOR-
rDrTR is a second air-conditioning control value in this
embodiment.

TAORyrDrIR=TxTsetRrDr-3xIrRr-1.2x Tam-2x
TsDr—40

M
wherein, the set temperature signal TsetRrDr is set by the rear
right temperature setting switch 11 which is the same with
that in the formula (6), Tam is the outside air temperature
signal and TsDr is the solar radiation signal. Furthermore,
“77, “=37, “=1.2” and “-2” are temperature setting gains
(parameters), and “40” is a correction constant.

As compared with TAORrDrIR, TAORrDrTR is calculated
without using the passenger’s skin temperature TirSRrDr.
That is, a contribution degree TIR of the passenger’s skin
temperature TirSRrDr to the calculation of TAORrDrTR is set
smaller than a contribution degree YIR of that to the calcula-
tion of TAORrDrIR.

For example, the contribution degree YIR is the parameter
“5” of TirRrDr which is used in the calculation of TAOR-
rDrIR. The contribution degree TIR is a parameter “0” of
TirRrDr which is used in the calculation of TAORrDrTR. The
parameter of TirRrDr used in the calculation of TAORrDrTR
can also be set at other value smaller than the contribution
degree YIR.

At step S203, it is determined whether an obstacle having
an abnormal temperature exists between the detection ele-
ment 717 and the passenger’s face at the right side of the rear
seat 4 or not, based on TAORrDrTR and TAORrDrIR. If an
abnormal temperature obstacle is placed between the detec-
tion element 717 and the rear right side passenger’s face, the
detected temperature Tal7 of the detection element 717 is
influenced so that the target blowing-out temperature TAOR-
rDrIR is affected by the surface temperature of the obstacle.
In contrast, the target blowing-out temperature TAORrDrTR
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is calculated by using the rear inside air temperature signal at
the rear seat side, and thereby being affected by the obstacle
less than TAORrDrIR.

Therefore, TAORrDrIR is largely different from TAOR-
rDrTR when an abnormal temperature obstacle exists.
Accordingly, by determining whether a difference between
TAORrDrIR and TAORrDrTR is larger than a set value (e.g.,
20° C.) or not, it can be determined whether an obstacle with
an abnormal temperature exists between the detection ele-
ment 717 and the rear right side passenger’s face or not.

When the difference (ITAORrDrIR-TAORrDrTRI)
between TAORrDrIR and TAORrDrTR is smaller than a set
value (e.g., 20° C.), that is, when (TAORrDrTR-20)<TAOR-
rDrIR<(TAORrDrTR+20), it is determined that an obstacle
with an abnormal temperature does not exist, and YES is
determined at step S203. Thus, at step S204, TAORrDrIR is
used as a normal rear right target blowing-out temperature
and the value of TAORrDrIR is set as TAORrDr.

On the other hand, when the difference between TAOR-
rDrIR and TAORrDrTR is equal to or larger than the set value
(e.g., 20° C.), thatis, when (TAORrDrTR-20)ZTAORrDrIR,
or TAORrDrIR Z(TAORrDrTR+20), it is determined that an
obstacle having an abnormal temperature exists between the
detection element 717 and the rear right side passenger’s face,
and No is determined in step S203. Thus, step S205 will be
performed.

At step S205, when TAORrDrIR is smaller than TAOR-
rDrTR and the difference between them is larger than the set
value (e.g., 20° C.), that is, when (TAORrDrTR-20)>TAOR-
rDrIR, it is determined that an abnormally low temperature
obstacle (e.g., ice cream) exists between the detection ele-
ment 717 and the rear right side passenger’s face, and YES is
determined at step S205. Because TAORrDrIR is readily
affected by a surface temperature of the abnormally low tem-
perature obstacle, a corrected air-conditioning control value
is calculated by subtracting the set value (e.g., 20° C.) from
TAORrDrTR. The corrected air-conditioning control value
(i.e., TAORrDrTR-20) is set as the TAORrDr at step S206.

On the other hand, when it is determined that TAORrDrIR
is larger than TAORrDrTR and the difference between them is
larger than the set value, that is, when TAORrDrIR Z(TAOR-
rDrTR+20), NO is determined at step S205. Thus, it is deter-
mined that an abnormally high temperature obstacle (e.g.,
fired cigarette) exists between the detection element 717 and
the rear right side passenger’s face. In this case, a corrected
air-conditioning control value is calculated by adding the set
value (e.g., 20° C.) to TAORrDrTR. The corrected air-condi-
tioning control value (i.e., TAORrDrIR+20) is set as the value
of TAORrDr at step S207.

According to the steps S200-S207 shown in FIG. 9, the
target blowing-out temperature TAORrDr of air blown out to
the air conditioning zone 1c¢ in the passenger compartment is
calculated.

Furthermore, at step S123 shown in FIG. 5, a target blow-
ing-out temperature TAORrPa of air blown out to the air
conditioning zone 14 in the passenger compartment is calcu-
lated in accordance with control shown in FIG. 10. The target
blowing-out temperature TAORrPa is a necessary target tem-
perature for maintaining the temperature of the rear left air
conditioning zone 14 at the set temperature TsetRrPa.

Here, the calculation of TAORrPa is substantially similar to
that of TAORrDr except for the detected temperatures of the
detection elements of the assistant seat side detection portion
72 which are used in the calculation of TAORrPa. As
described above, in the case of TAORrDr, the detected tem-
peratures of the detection elements of the driver seat side
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detection portion 71 are used. Accordingly, the calculation of
the target blowing-out temperature TAORrPa is simply
described in following.

At step S208 in FIG. 10, a rear left temperature TirRrPa is
firstly calculated in accordance with the following formula
(8) by using a rear left trim panel temperature TirINRrPa, a
rear left window surface temperature TirWRrPa, a rear left
passenger’s clothes temperature TirCRrPa and a rear left
passenger’s skin temperature TirSRrPa.

TirRrPa=0.3xTirINRrPa+0.2x Tir WRrPa+0.14x Tir-

CRrPa+0.36xTirSRrPa (®)

Further, the rear left trim panel temperature TirINRrPa, the
rear left window surface temperature TirWRrPa, and the rear
left passenger’s clothes temperature TirCRrPa in the formula
(8) are calculated by using average calculations shown in
formulas (8-1), (8-2), and (8-3). The rear left passenger’s skin
temperature TirSRrPa is set as the detected temperature Tal7
of the detection element 717 of the driver seat side detection
portion 72.

TirINRyPa=(Tul1+Tu12)/2 (8-1)

TirWRrPa=(Ta00+Ta01)/2 (8-2)

TirCRrPa=(Tal3+Tul4+1ual 5+1al6)/4

In the formulas (8-1), (8-2) and (8-3), Tall, Tal2, Ta00,
Ta01, Tal3, Tald, Tal5 and Talé6 are respectively detected
temperatures of the detection elements 711, 712, 700, 701,
713, 714, 715 and 716 of the assistant seat side detection
portion 72.

Next, at step S209, a rear left target blowing-out tempera-
ture TAORrPalR of air blown out to the air conditioning zone
1d in the passenger compartment is calculated in accordance
with the formula (9) by using the set temperature signal
TsetRrPa set by the rear left temperature setting switch 12.
The rear left target blowing-out temperature TAORrPalR is a
necessary target temperature for maintaining the temperature
of'the rear left air conditioning zone 14 at the set temperature
TsetRrPa.

TAORrPalR="TxTsetRrPa-5xTirRrPa-40

(8-3)

©

wherein, “7” and “5” are temperature setting gains (param-
eters), and “40” is a correction constant.

At step S210, the rear inside air temperature signal TrRr is
used instead of the rear left temperature TirRrPa to calculate
a rear left target blowing-out temperature TAORrPaTR in
accordance with the formula (10).

TAORrPaTR=TxTsetRrPa-3xTrRr-1.2xTam-2x
TsPa-40

10)
wherein, the set temperature signal TsetRrPa is set by the rear
left temperature setting switch 12 which is the same with that
in the formula (9). Furthermore, <77, “-3”, “~1.2” and “-2”
are temperature setting gains (parameters), and “40” is a
correction constant.

As compared with TAORrPalR, TAORrPaTR is calculated
without using the passenger’s skin temperature TirSRrPa.
That is, the passenger’s skin temperature TirSRrPa dose not
contribute to the calculation of TAORrPaTR.

At step S211, it is determined whether an obstacle with an
abnormal temperature exists between the detection element
717 and the passenger’s face at the left side of the rear seat 4
or not, according to TAORrPaTR and TAORrPalR.

When the difference (ITAORrPalR-TAORrPaTRI)
between TAORrPalR and TAORrPaTR is smaller than a set
value (e.g., 20° C.), that is, when (TAORrPaTR-20)<TAOR-
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rPalR<(TAORrPaTR+20), it is determined that an obstacle
with an abnormal temperature does not exist, and YES is
determined at step S211. Thus, at step S212, TAORrPalR is
used as a normal rear left target blowing-out temperature and
the value of TAORrPalR is set as TAORrPa.

On the other hand, when TAORrPalR is smaller than
TAORrPaTR and the difference between them is equal to or
larger than the set value (e.g., 20° C.), that is, when (TAOR-
rPaTR-20)=ZTAORrPalR, it is determined that an abnor-
mally low temperature obstacle (e.g., ice cream) exists
between the detection element 717 and the rear left side
passenger’s face, and YES is determined at step S213. In this
case, a corrected target blowing-out temperature is calculated
by subtracting the set value (e.g., 20° C.) from TAORrPaTR.
Thus, the corrected air-conditioning control value (i.e.,
TAORrPaTR-20) is set as TAORrPa at step S214.

On the other hand, when it is determined that TAORrPalR
is larger than TAORrPaTR and the difference between them is
larger than the set value, that is, when TAORrPalR Z(TAOR-
rPaTR+20), NO is determined at step S213. Thus, it is deter-
mined that an abnormally high temperature obstacle (e.g.,
fired cigarette) exists between the detection element 717 and
the rear left side passenger’s face. In this case, a corrected
air-conditioning control value is calculated by adding the set
value to TAORrPaTR. The corrected air-conditioning control
value (i.e., TAORrPaTR+20) is set as TAORrPa at step S215.

According to the steps S208-S215 shown in FIGS. 10, the
target blowing-out temperature TAORrPa of air blown out to
the air conditioning zone 14 in the passenger compartment is
calculated. Thus, the step S123 shown in FIG. 5 is ended.

Next, because the inside/outside air mode is selected only
in the front side as shown at step S124 in FIG. 5, step S124 is
not performed at the rear air conditioning control. At step
S125 in FIG. 5, similarly to that of the front seat side, the air
outlet mode of the rear seat side is determined based on the
above-described TAORrDr and TAORrPa, and is not
described here.

Next, similarly to that of the front seat side, at step S126, a
blower voltage applied to the blower motor 62a is determined
based on the average rear target blowing-out temperature
TAOrrav that is the average value between the TAORrDr and
the TAOR<rPa, and is not described here.

Next, at step S127, target open degrees SWRrDr, SWRrPa
of the air mix doors 65a, 655 are calculated in accordance
with formula (11) and formula (12).

SWRrDr=[(TAORrDr-TeRr)/(Tw-TeRr)|x100(%) (11)

SWRrPa=[(TAORrPa-TeRr)/(Tw-T1eR¥)]x100(%) (12)

In the formulas (11) and (12), TeRr is an evaporator air
temperature detected by the evaporator temperature sensor
87, and Tw is a water temperature detected by the water
temperature sensor 82. When SWRrDr=0% and SWR-
rPa=0%, the air mix doors 65a, 655 are operated at the maxi-
mum cooling position so that all air after passing through the
rear evaporator 63 in the air passages 60c, 60d flows through
the bypass passages 60e, 60/ In contrast, when SWR-
rDr=100% and SWRrPa=100%, the air mix doors 65a, 655
are operated at the maximum heating position so that all air
after passing through the rear evaporator 63 in the air passages
60c, 60d flows through the heater core 64.

Then, at step S128, the control signals of the blower volt-
age, the target open degrees SWRrDr, SWRrPa, and the rear
air outlet mode determined above are output to the servomo-
tors 650a, 6505, 660c, 6604 and the blower motor 62a, so as
to control operation of the air mix doors 65a, 655, the air
outlet mode switching doors 66¢, 664 and the blower 62.
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After a predetermined time “t” passes at step S129 in FIG.
5, the control program returns to step S121, and the automatic
control of the air conditioning zones 1¢, 1d are performed by
repeating the above control operation.

According to the above-described first embodiment, in the
rear seat air conditioning unit 6, the air mix doors 65a, 6556 are
respectively provided in the right rear side seat and the left
rear side seat. Moreover, the non-contact temperature sensor
70 can detect the face skin temperatures of the right rear
passenger and the left rear passenger, respectively. In this
case, the rear right target blowing-out temperature TAOR-
rDrIR and the rear left target blowing-out temperature TAOR-
rPalR (first target temperature) are calculated corresponding
to the right rear side seat and the left rear side seat by the air
conditioning ECU 8, respectively. Moreover, the rear right
target blowing-out temperature TAORrDrTR and the rear left
target blowing-out temperature TAORrPaTR (second target
temperature) are calculated corresponding to the right rear
side seat and the left rear side seat by the air conditioning
ECU 8, respectively. TAORrDrIR and TAORrPalR are calcu-
lated according to the detected temperature Tal7 of the detec-
tion element 717 of the non-contact temperature sensor 70.
TAORrDrTR and TAORrPaTR are calculated according to
the detected temperature TRRr of the rear inside air tempera-
ture sensor 85.

Accordingly, when an obstacle with an abnormal tempera-
ture exists between the detection element 717 of the non-
contact temperature sensor 70 and the passenger’s face, the
detected temperature TRRr of the rear inside air temperature
sensor 85 is affected less by the temperature of the obstacle, as
compared with the detected temperature Tal7 of the detection
element 717. Therefore, TAORrDrTR and TAORrPaTR are
influenced less by the obstacle having the abnormal tempera-
ture, than TAORrDrIR and TAORrPalR.

On the other hand, the air conditioning ECU 8 determines
whether an abnormal temperature obstacle exists between the
detection element 717 and the passenger’s face at the right
seat and between the detection element 717 and the passen-
ger’s face at the left seat or not, respectively.

When it is determined that an abnormal temperature
obstacle does not exist between the detection element 717 and
the passenger’s face, the open degrees of the air mix doors
65a, 655 are controlled according to the target blowing-out
temperatures TAORrDrIR and TAORrPalR, respectively.

When it is determined that an abnormal temperature
obstacle exists between the detection element 717 and the
passenger’s face, TAORrDrTR and TAORrPaTR are respec-
tively corrected to calculate the target blowing-out tempera-
tures TAORrDr and TAORrPa. In this case, TAORrDrTR and
TAORrPaTR are influenced less by the abnormal temperature
obstacle as compared with TAORrDrIR and TAORrPalR.
Therefore, TAORrDr and TAORrPa are calculated using
TAORrDrTR and TAORrPaTR, and are influenced less by the
abnormal temperature obstacle than TAORrDrIR and TAOR-
rPalR. Because the air conditioning ECU 8 controls the rear
seat air conditioning unit 6 based on the target blowing-out
temperatures TAORrDr and TAORrPa, an abnormal control
of the air conditioning operation due to the abnormal tem-
perature obstacle can be restricted.

Second Embodiment

In the above-described first embodiment, the target blow-
ing-out temperature TAORrDrTR is calculated as the second
air-conditioning control value based on the rear inside air
temperature. In the second embodiment, a target blowing-out
temperature is calculated as the second air-conditioning con-
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trol value based on the passenger’s clothes temperature refer-
ring to FIGS. 11, 12. In this case, the same control with that in
the first embodiment will be simplified.

At first, control operation for calculating the rear right
target blowing-out temperature TAORrDr is described refer-
ring to FIG. 11.

At step S200 in FIG. 11, similarly to the first embodiment,
a rear right temperature TirRrDrs is calculated in accordance
with the formula (5a) by using the rear right trim panel tem-
perature TirINRrDr, the rear right window surface tempera-
ture TirWRrDr, the rear right passenger’s clothes temperature
TirCRrDr and the rear right passenger’s skin temperature
TirSRrDr.

TirRrDrs=0.3xTirINRrDr+0.2x Tir WRrDr+0.14x Tir-

CRrDr+0.36xTirSR¥Dr (5a)

At step S200a, a rear right temperature TirRrDrd is calcu-
lated in accordance with the following formula (13) without
using the rear right passenger’s skin temperature TirSRrDr,
which is used in the calculation of TirRrDrs.

TirRrDrd=0.3xTirINRrDr+0.2x Tir WRrDr+0.5x Tir-
CRrDr

(13)
wherein, TirINRrDr, TirWRrDr, and TirCRrDr are the same
with those used in the above formula (5a). “0.3”, “0.2” and
“0.5” are temperature setting gains (parameters).

At step S201a, a rear right target blowing-out temperature
TAORrDrIRs of air blown out to the air conditioning zone 1¢
in the passenger compartment is calculated in accordance
with the formula (14) by using the rear right temperature
TirRrDrs.

TAORsDrIRs=7x IsetRrDr—5x TirRrDrs—40 (14)
wherein, “7” and “5” are temperature setting gains (param-
eters), and “40” is a correction constant.

At step S2015b, the rear right temperature TirRrDrd is used
instead of the rear right temperature TirRrDrs to calculate a
rear right target blowing-out temperature TAORrDrTRd in
accordance with the formula (15).

TAORrDrTRd=Tx TsetRrDr—5x TirRrDrd—40 (15)

As compared with TAORrDrIRs, TAORrDrTRd is calcu-
lated without using the rear right passenger’s skin tempera-
ture TirSRrDr. That is, a contribution degree TIR of the pas-
senger’s skin temperature TirSRrDr to the calculation of
TAORrDrTRd is set lower than a contribution degree YIR of
that to the calculation of TAORrDrIRs.

When the difference (ITAORrDrIRs—TAORrDrTRdl)
between TAORrDrIRs and TAORrDrTRd is smaller than a set
value (e.g., 20° C.), that is, when (TAORrDrTRd-20)
<TAORrDrIRs<(TAORrDrTRd+20), it is determined that an
obstacle having an abnormal temperature does not exist, and
YES is determined at step S203a. Thus, at step S204a, TAOR-
rDrIRs is determined as a normal rear right target blowing-out
temperature and the value of TAORrDrIRs is set as the rear
right target blowing-out temperature TAORtDr.

On the other hand, when TAORrDrIRs is smaller than
TAORrDrTRd and the difference between them is larger than
the set value (e.g., 20° C.), itis determined that an abnormally
low temperature obstacle (e.g., ice cream) exists between the
detection element 717 and the rear right side passenger’s face,
and YES is determined at step S2054. Because TAORrDrIRs
is affected by a surface temperature of the abnormally low
temperature obstacle, the set value (e.g., 20° C.) is added to
TAORrDrIRs to approach TAORrDrTRd. The corrected
TAORrDrIRs (i.e., TAORrDrIRs+20) is set as TAORrDr at
step S206a.
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On the other hand, when it is determined that TAORrDrIRs
is larger than TAORrDrTRd and the difference between them
is larger than the set value, NO is determined at step S205a.
Thus, it is determined that an abnormally high temperature
obstacle (e.g., fired cigarette) exists between the detection
element 717 and the rear right side passenger’s face. Because
TAORrDrIRs is affected by a surface temperature of the
abnormally high temperature obstacle, the set value (e.g., 20°
C.) is subtracted from TAORrDrIRs to approach TAOR-
rDrTRd. The corrected TAORrDrIRs (i.e., TAORrDrIRs-20)
is set as TAORDr at step S207a.

According to the steps S200-S207a shown in FIG. 11, the
target blowing-out temperature TAORrDr of air blown out to
the air conditioning zone 1c¢ in the passenger compartment is
calculated.

Next, a target blowing-out temperature TAORrPa of air
blown out to the air conditioning zone 14 in the passenger
compartment is calculated in accordance with control shown
in FIG. 12. Here, the calculation of TAORrPa is substantially
similar to that of TAORrDr except for the detected tempera-
tures of the detection elements of the passenger seat side
detection portion 72 which are used in the calculation of
TAORrPa. As described above, in the case of TAORrDr, the
detected temperatures of the detection elements of the driver
seat side detection portion 71 are used. However, the other
parts of the calculation of TAORrDr are similar to the calcu-
lation of TAORrPa. Accordingly, the calculation of TAORrPa
is simply described in following.

Atstep S208 in FIG. 12, a rear left temperature TirRrPas is
firstly calculated in accordance with the above-described for-
mula (8a) by using the rear left trim panel temperature Tir-
INRrPa, the rear left window surface temperature TirWRrPa,
the rear left passenger’s clothes temperature TirCRrPa and
the rear left passenger’s skin temperature TirSRrPa.

TirRrPas=0.3x7irINRrPa+0.2x TirWRrPa+0.14x Tir-

CRrPa+0.36xTirSRrPa (8a)

Next, at step S208a, a rear left temperature TirRrPad is
calculated in accordance with the following formula (16)
without using the rear left passenger’s skin temperature
TirSRrPa.

TirRrPad=0.3xTi¥INRrPa+0.2x TirWRrPa+0.5x TirCR-
rPa

16)
wherein, TirINRrPa, TirWRrPa, and TirCRrPa are the same
with those used in the above formula (8a). “0.3”, “0.2” and
“0.5” are temperature setting gains (parameters).

At step S209q, a rear left target blowing-out temperature
TAORrPalRs of air blown out to the air conditioning zone 14
in the passenger compartment is calculated in accordance
with the formula (17) by using the rear left temperature Tir-
RrPas.

TAORrPalRs=7xTsetRrPa—5x TirRrPas—40 17
wherein, “7” and “5” are temperature setting gains (param-
eters), and “40” is a correction constant.

At step S209b, the rear left temperature TirRrPad is used
instead of TirRrPas to calculate a rear left target blowing-out
temperature TAORrPaTRd in accordance with the formula

(18)

TAORrPaTRA=TxTsetRrPa-5xTirRrPad—40 (18)

When the difference (ITAORrPalRs-TAORrPaTRdI)
between TAORrPalRs and TAORrPaTRd is smaller than a set
value (e.g., 20° C.), that is, when (TAORrPaTRd-20)
<TAORrPalRs<(TAORrPaTRd+20), it is determined that an
obstacle having an abnormal temperature does not exist, and
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YES is determined at step S211a. Thus, at step S214, TAOR-
rPalRs is determined as a normal rear left target blowing-out
temperature and the value of TAORrPalRs is set as the rear
left target blowing-out temperature TAORrPa.

On the other hand, when TAORrPalRs is smaller than
TAORrPaTRd and the difference between them is larger than
the set value (e.g., 20° C.), itis determined that an abnormally
low temperature obstacle (e.g., ice cream) exists between the
detection element 717 and the rear left side passenger’s face,
and YES is determined at step S213a. In this case, the set
value (e.g., 20° C.) is added to TAORrPalRs so that TAOR-
rPalRs is corrected. Thus, the corrected TAORrPalRs (i.e.,
TAORrPalRs+20) is set as TAORrPa at step S214a.

On the other hand, when it is determined that TAORrPalRs
is larger than TAORrPaTRd and the difference between them
is larger than the set value, NO is determined at step S213a.
Thus, it is determined that an abnormally high temperature
obstacle (e.g., fired cigarette) exists between the detection
element 717 and the rear left side passenger’s face. In this
case, the set value (e.g., 20° C.) is subtracted from TAOR-
rPalRs so that TAORrPalRs is corrected. The corrected
TAORrPalRs (i.e., TAORrPalRs-20) is set as TAORrPa at
step S215a.

According to the steps S208-S215a shown in FIG. 12, the
target blowing-out temperature TAORrPa of air blown out to
the air conditioning zone 14 in the passenger compartment is
calculated.

According to the above-described second embodiment, the
rear right target blowing-out temperature TAORrDrIRs and
the rear left target blowing-out temperature TAORrPalRs
(first target temperature) are calculated corresponding to the
right rear side seat and the left rear side seat by the air con-
ditioning ECU 8, respectively. Moreover, the rear right target
blowing-out temperature TAORrDrTRd and the rear left tar-
get blowing-out temperature TAORrPaTRd (second target
temperature) are calculated corresponding to the right rear
side seat and the left rear side seat by the air conditioning
ECU 8, respectively. TAORrDrIRs and TAORrPalRs are cal-
culated based on the detected temperature Tal7 of the detec-
tion element 717 of the non-contact temperature sensor 70.
TAORrDrTRd and TAORrPaTRd are calculated based on the
detected temperatures Tal3-Tal6 of the detection elements
713-716 of the non-contact temperature sensor 70.

When an obstacle with an abnormal temperature exists
between the detection element 717 of the non-contact tem-
perature sensor 70 and the passenger’s face, the detected
temperatures Tal3-Tal6 are affected less by the abnormal
temperature obstacle, as compared with the detected tem-
perature Tal7. Therefore, TAORrDrTRd and TAORrPaTRd
are influenced less by the obstacle as compared with TAOR-
rDrIRs and TAORrPalRs.

When it is determined that an obstacle having an abnormal
temperature does not exist between the detection element 717
and the passenger’s face, the open degrees of the air mix doors
65a, 655 are controlled according to the target blowing-out
temperatures TAORrDrIRs and TAORrPalRs, respectively.

When it is determined that an obstacle having an abnormal
temperature exists between the detection element 717 and the
passenger’s face, TAORrDrIRs and TAORrPalRs are respec-
tively corrected to approach TAORrDrTRd and TAORr-
PaTRd, and the target blowing-out temperatures TAORrDr
and TAORrPa are calculated using the corrected TAORrDr-
IRs and TAORrPalRs.

Accordingly, TAORrDr and TAORrPa are influenced less
by the obstacle having the abnormal temperature, as com-
pared with TAORrDrIRs and TAORrPalRs. Because the air
conditioning ECU 8 controls the rear seat air conditioning
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unit 6 according to TAORrDr and TAORrPa, an abnormal
control of the air conditioning due to an abnormal-tempera-
ture obstacle can be restricted.

Third Embodiment

According to the above-described first and second embodi-
ments, the case is described in which an abnormal-tempera-
ture obstacle (e.g., ice cream or fired cigarette) exists between
the non-contact temperature sensor 70 and a passenger in the
passenger compartment.

In practice, obstacles having a room temperature such as a
vanity mirror and a sun visor may exist between the non-
contact temperature sensor 70 and the passenger. In this case,
the skin temperature of the passenger and the like, which are
used to calculate the target blowing-out temperatures TAOR-
rDrIR and TAORrPalR, cannot be accurately detected by the
non-contact temperature sensor 70. If the air conditioning
ECU 8 controls the rear seat air conditioning unit 6 according
to the target blowing-out temperatures TAORrDrIR and
TAORrPalR, the air conditioning of the passenger compart-
ment may be abnormally controlled.

In this embodiment, the target blowing-out temperatures
TAORrDrIR and TAORrPalR, which are influenced by the
room-temperature obstacle, are respectively corrected to
approach TAORrDrTR and TAORrPaTR, which are not influ-
enced by the room-temperature obstacle, to calculate the tar-
get blowing-out temperatures TAORrDr and TAORrPa
according to which the air conditioning ECU 8 controls the
rear seat air conditioning unit 6. Accordingly, an abnormal
control of the air conditioning due to the room-temperature
obstacle can be restricted.

The target blowing-out temperature TAORrPa of the rear
left air conditioning zone 1d will be calculated referring to
FIGS. 13-15A, and 15B.

As shown in FIG. 13, the assistant seat side detection
portion 72 of the infrared rays temperature sensor 70 is pro-
vided with the infrared rays receiving portions 70a, 705.

The infrared rays receiving portion 70q is provided with
detection elements 698-703. Similarly to those of the first
embodiment, the detection elements 700, 701 detect the tem-
perature of the side window glass at the side of the assistant’s
seat 3 (i.e., front passenger’s seat 3). The detection elements
702a, 7026 and 702¢ detect the face skin temperature of the
passenger at the seat 3. The detection element 703 detects the
temperature of the upper-side clothes portion of the passenger
at the seat 3.

Moreover, the infrared rays receiving portion 705 is pro-
vided with detection elements 711-716, 717a and 717b. The
detection elements 713-716 detects the upper-side clothes
portion of the passenger at the seat 4, and the detection ele-
ments 717a, 7175 detect the face skin temperature of the
passenger at the seat 4.

Temperature signals detected by the infrared rays receiving
portions 70a, 705 are sampled by the air conditioning ECU 8
every a predetermined interval. That is, the air conditioning
ECU 8 samples the detected temperature signals of the detec-
tion elements of the assistant seat side detection portion 72 at
a first time, a second time . . . to a N time (N is integral) every
a predetermined timing.

The target blowing-out temperature TAORrPa of air blown
out to the air conditioning zone 1d in the passenger compart-
ment is calculated by the air conditioning ECU 8 referring to
FIG. 14. Steps S208, S209, S210 are substantially same with
those shown in FIG. 9, respectively.

At step S208, a rear left temperature TirRrPa is firstly
calculated. At step S209, a rear left target blowing-out tem-
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perature TAORrPalR is calculated using the rear left tempera-
ture TirRrPa. At step S210, a rear left target blowing-out
temperature TAORrPaTR is calculated using the inside air
temperature signal TrRr.

At step S211a, according to the temperature signals
detected by the detection elements of the assistant seat side
detection portion 72, it is determined whether an obstacle
having a room temperature exists between the assistant seat
side detection portion 72 and the passenger’s face at the left
side of the rear seat 4 or not.

For example, as shown in FIG. 15B, when the number of
the detection elements, which have an approximately same
temperature T (e.g., in a range of (T-1° C.) and (T+1° C.)),
exceeds a predetermined value (e.g., 14), it is determined that
a room-temperature obstacle (e.g., vanity mirror) exists and
YES is determined at step S211a. In this case, the detection
elements in a rang indicated by Sa in FIG. 15B are obstructed
by the obstacle. Generally, when the temperature of the pas-
senger’s face or a rear-tray sheet are detected, temperature
differences between the multiple detection elements of the
assistant seat side detection portion 72 are at least a number of
degrees. If the number of the detection elements, which have
the substantially same detected temperature, exceeds the pre-
determined value (e.g., 14), it is determined that the assistant
seat side detection portion 72 is obstructed by an obstacle
such as the vanity mirror.

The numbers indicated in FIGS. 15A, 15B show the
detected temperatures of the detection elements of the assis-
tant seat side detection portion 72. The numbers (e.g., 29)
indicated in FIG. 15A show the detected temperatures of the
detection elements of the assistant seat side detection portion
72 by sampling at (N-1) time, and the numbers indicated in
FIG. 15B show the detected temperatures of the detection
elements of the assistant seat side detection portion 72 by
sampling at N time.

When it is determined that the obstacle exists, the value of
the target blowing-out temperature TAORrPaTR is used as
the value of the target blowing-out temperature TAORrPa at
step S213a.

On the other hand, when the number of the detection ele-
ments does not exceed the predetermined value (e.g., 14)
which have the approximately same temperature T (e.g., in a
range of (T-1) © C.-(T+1) ° C.), it is determined that the
obstacle does not exist, and NO is determined at step S211a.
The value of the target blowing-out temperature TAORrPalR
is used as the value of the target blowing-out temperature
TAORTrPa at step S212a.

Fourth Embodiment

In the above-described embodiment, if the number of the
detection elements, which have the substantially same
detected temperature, exceeds the predetermined value (e.g.,
14) among the total (e.g., 16) detection elements, it is deter-
mined that an obstacle exists. In the fourth embodiment, an
additional method will be used for determining whether an
obstacle exists or not.

The numbers indicated in FIG. 16A show the detected
temperatures of the detection elements of the assistant seat
side detection portion 72 by sampling at (N-1) time, and the
numbers indicated in FIGS. 16B show the detected tempera-
tures of the detection elements of the assistant seat side detec-
tion portion 72 by sampling at N time.

According to this embodiment, the detected temperature
sampled at n time (refer to FIG. 16B) of each detection
element has a difference from the detected temperature
sampled at (n-1) time (refer to FIG. 16A) of that. If the
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number of the detection elements, which have a difference
between the detected temperature sampled at (n-1) time and
the detected temperature sampled at n time larger than a
predetermined value (e.g., 1° C.), exceeds a predetermined
value (e.g., 8), it is determined that a room-temperature (e.g.,
vanity mirror) obstacle obstructs the assistant seat side detec-
tion portion 72, and YES is determined. Generally, when
hands or a coffee cup is moved, the detected temperatures of
a small number (e.g., 2 or 3) of the detection elements of the
assistant seat side detection portion 72 change. If the number
of the detection change elements, of which the detected tem-
peratures at the same time, exceeds a predetermined value
(e.g., 8), it is determined that the assistant seat side detection
portion 72 is obstructed by a room-temperature obstacle. As
shown in FIG. 16B, the detection elements in a range indi-
cated by Xa are obstructed by an obstacle.

On the other hand, if the number of the detection elements
which have a difference larger than 1° C. does not exceed the
predetermined value (e.g., 8), it is determined that a room-
temperature (e.g., vanity mirror) obstacle does not exist, and
NO is determined.

Fifth Embodiment

Inthe fifth embodiment, according to the detected tempera-
tures of two predetermined detection elements (indicated by
Xb and Xc in FIGS. 17A and 17B) of the assistant seat side
detection portion 72, it is determined whether there exists a
room-temperature obstacle or not.

Generally, when hands or a coffee cup is moved, the
detected temperatures of detection elements of the assistant
seat side detection portion 72 adjacent to each other are
changed. Ifthe detected temperatures of two separated detec-
tion elements, between which at least one detection element is
positioned, are increased or decreased by equal to or larger
than a predetermined temperature value (e.g., 2° C.) at the
same time, it is determined that the assistant seat side detec-
tion portion 72 is obstructed by a room-temperature obstacle.
As shown in FIGS. 17A, 17B, the detection element 712
(indicated by Xb) and the detection element 7024 (indicated
by Xc) are separated form each other. If the differences
between the detected temperatures sampled at (n-1) time of
the detection elements 712, 702a and the detected tempera-
tures sampled at n time of those are equal to or larger than the
predetermined temperature (e.g., 2° C.), it is determined that
there exists an obstacle, and YES is determined at step S211a
in FIG. 14. If the differences of the detected temperatures of
the two predetermined detection elements are smaller than
the predetermined temperature value (e.g., 2° C.), it is deter-
mined that an obstacle does not exist and No is determined at
step S211a FIG. 14.

In this embodiment, the detected temperatures of the pre-
determined two detection elements are used to determine
whether an obstacle exists or not. However, a predetermined
detection element can be also used.

Sixth Embodiment

In the above-described embodiment, if the detected tem-
peratures sampled at n time of the two predetermined detec-
tion elements are increased or decreased by equal to or larger
than the predetermined temperature difference (e.g., 2° C.) as
compared with those sampled at (n-1) time, it is determined
that there exists an obstacle. In this embodiment, more than
two predetermined detection elements are used to determine
whether an obstacle exists or not.
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For example, an upper-side detection elements of the assis-
tant seat side detection portion 72 are arranged to detect the
temperature of the passenger’s face or the rear-tray sheet, as
shown in a rang indicated Xd in FIG. 18B. A lower-side
detection elements of the assistant seat side detection portion
72 are arranged to detect the temperature of the passenger’s
thighs or seats, as shown in a range indicated Xe in FIG. 18B.
Generally, the differences between the detected temperatures
of'the upper side and the lower side detection elements are at
least a number of degrees. If the differences are in a prede-
termined range (e.g., (-=1° C.)-(+1° C.)), it is determined that
the assistant seat side detection portion 72 is obstructed by a
room-temperature obstacle, and YES is determined at step
S211a in FIG. 14. If the differences between the detected
temperatures of the upper side and the lower side detection
elements are out of the predetermined range (e.g., (-1° C.)-
(+1° C.)), NO is determined at step S211a in FIG. 14.

In this embodiment, other detection elements in addition to
the upper side and the lower side detection elements among
the assistant seat side detection portion 72 can be also used to
determine whether an obstacle exists or not.

Other Embodiments

Although the present invention has been fully described in
connection with the preferred embodiments thereof with ref-
erence to the accompanying drawings, it is to be noted that
various changes and modifications will become apparent to
those skilled in the art.

For example, in the first embodiment, the target blowing-
out temperatures TAORrDrIR, TAORrPalR and the target
blowing-out temperatures TAORrDrTR, TAORrPaTR are
used to determine whether an abnormally high temperature
obstacle (e.g., fired cigarette) exists between the detection
element 717 and the rear left side passenger’s face or not.
However, the detected temperature Tal7 of the detection ele-
ment 717 of the non-contact temperature sensor 70 can be
also used. In this case, if the detected temperature Tal7 is in
a predetermined range, it is determined that an abnormally
high temperature obstacle does not exist between the detec-
tion element 717 and the passenger’s face. If the detected
temperature Tal7 is out of the predetermined range, it is
determined that there exists an abnormally high temperature
obstacle between the detection element 717 and the passen-
ger’s face.

Similarly, in the second embodiment, the detected tem-
perature Tal7 of the detection element 717 can be also used to
determine whether an obstacle exists between the detection
element 717 and the passenger’s face or not.

In the first embodiment, the temperature detection area in
the passenger compartment is set as the passenger’s face, and
it is determined whether an obstacle exists between the detec-
tion element 717 and the passenger’s face or not. However,
the temperature detection area can be also set as other area in
the passenger compartment in addition to the passenger’s
face.

In the first and third embodiments, the target blowing-out
temperature is used as the air-conditioning control value.
However, an air amount blown from the centrifugal type
blower 62 can be also used as the air-conditioning control
value.

In the first embodiment, as the non-contact temperature
sensor 70, the infrared ray sensor is provided with thermopile
detection elements. However, other infrared ray sensors can
be also used which includes a bolometer-type detection ele-
ment having a resistance with a large temperature coefficient,
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for example. Other surface temperature sensors which do not
contact a surface of the detection object can be also used.

In the first embodiment, in the driver seat side detection
portion 71, the rear right trim panel temperature TirINRrDr,
the rear right window surface temperature TirWRrDr, and the
rear right passenger’s clothes temperature TirCRrDr are cal-
culated by using average calculations shown in the formulas
(5-1), (5-2), and (5-3). However, the present invention is not
limited to this, the following formulas can be also used.

TirINRrDr=(K1x Ta11+K2x Ta12)/2 (5-11)

TirWRrDr=(K3x Ta00+K4x Ta01)/2 (5-21)

TirCRrDr=(K5xTal 3+K6x Tal4+K7x Ta15+K8x
Tul6)/4

(5-31)
Wherein K1-K8 are coefficients.

Similarly, in the passenger seat side detection portion 72,
the rear left trim panel temperature TirINRrPa, the rear left
window surface temperature TirWRrPa, and the rear left pas-
senger’s clothes temperature TirCRrPa are calculated by
using average calculations shown in formulas (8-1), (8-2),
and (8-3). However, the present invention is not limited to
this, following formulas can be also used.

TirINRrPa=(K9x Ta11+K10x Ta12)/2 (8-11)

TirWRrPa=(K11x Ta00-+K12x Tu01)/2 (8-21)

TirCRrPa=(K13x Tu13+K14x Ta14+K15x Tu15+K16x
Tu16)/4

(8-31)
Wherein K9-K16 are coefficients

In the first embodiment, the detected temperature TrRr of
the inside air temperature sensor 85 is used a temperature
signal which is influenced less than the temperature signal
detected by the non-contact temperature sensor. However, the
detected temperature Tal7 multiplied by a contribution
degree K17 can be also used as the temperature signal. In this
case, the contribution degree K17 must be smaller than the
contribution degree of the detected temperature Tal7 which is
used to calculate the target blowing-out temperatures TAOR-
rDrIR, TAORrPalR. For example, if the coefficient of the rear
right passenger’s skin temperature (Tal7) is 0.36 in the for-
mula (5) in the first embodiment, the contribution degree K17
must be smaller than 036.

In the above-described embodiments, TAORrDrIR,
TAORrPalR are calculated as the first air-conditioning con-
trol value by using the detected temperatures of the infrared
ray sensor 70. However, both of the detected temperatures of
the infrared ray sensor 70 and the inside air temperature
sensor 85 can be used to calculate the first air-conditioning
control value.

In the above-described embodiments, the rear seat air con-
ditioning unit 6 corresponds to the air conditioning unit in the
present invention, and the rear right passenger’s skin tem-
perature (Tal7) corresponds to the surface temperature of the
temperature detection area in the passenger compartment.
TAORrDrIR, TAORrPalR, TAORrDrIRs and TAORrPalRs
are calculated as the first air-conditioning control value, and
the steps S200, S201, S208, S209, S201a and S209a corre-
sponds to a first calculating means. TAORrDrTR, TAORr-
PaTR, TAORrDrTRs and TAORrPaTRs are calculated as the
second air-conditioning control value, and the steps S202,
S210, S200a, S2015, S208a and S2095 corresponds to a
second calculating means. The steps S203, S211, S203aq,
S211a correspond to a determining unit which determines
whether an abnormal temperature obstacle exists between the
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temperature detection area and the non-contact temperature
sensor or not. The air conditioning ECU 8 and the steps
S121-8129, S204-S207, S212-S215, S204a-S207a, and
S2121a-s215a are a control unit in the present invention.

Moreover, TAORrDr and TAORrPa correspond to a cor-
rected air-conditioning control value in the present invention.
The detection element 717 corresponds to a skin-temperature
detection element, and the inside air temperature sensor 85
corresponds to a contact temperature sensor. The detection
elements 713-716 correspond to clothes-temperature detec-
tion elements, and the air mix doors 65a, 655 correspond to a
temperature adjusting unit in the present invention.

Such changes and modifications are to be understood as
being within the scope of the present invention as defined by
the appended claims.

What is claimed is:

1. An air conditioner for a vehicle comprising:

an air conditioning unit for conditioning air in a passenger
compartment of the vehicle;

a non-contact temperature sensor for detecting a surface
temperature of a temperature detection area in the pas-
senger compartment in non-contact;

first calculating means for calculating a first air-condition-
ing control value, which indicates a first target air con-
ditioning state in the passenger compartment, based on
the detected surface temperature of the non-contact tem-
perature sensor;

determining means for determining whether an obstacle
exists between the temperature detection area and the
non-contact temperature sensor;

second calculating means for calculating a second air-
conditioning control value indicating a second target air
conditioning state in the passenger compartment based
on a current inside air temperature of the passenger
compartment when the determining means determines
that the obstacle exists between the temperature detec-
tion area and the non-contact temperature sensor; and

a control unit for controlling the air conditioning unit,
wherein:

when the determining means determines that the obstacle
does not exist between the temperature detection area
and the non-contact temperature sensor, the control unit
controls the air conditioning unit based on the first air-
conditioning control value; and

when the determining means determines that the obstacle
exists between the temperature detection area and the
non-contact temperature sensor, the control unit controls
the air conditioning unit based on the second air condi-
tioning control value.

2. The air conditioner according to claim 1, wherein

when a difference between the first air-conditioning con-
trol value and the second air-conditioning control value
is larger than a predetermined value, the determining
means determines that the obstacle exists between the
temperature detection area and the non-contact tempera-
ture sensor.

3. The air conditioner according to claim 1, further com-

prising

a contact temperature sensor for detecting an air tempera-
ture of the passenger compartment by contacting,
wherein

the second calculating means uses the detected air tem-
perature of the contact temperature sensor as the tem-
perature information for calculating the second air-con-
ditioning control value.

4. The air conditioner according to claim 1, wherein the

non-contact temperature sensor includes a skin temperature
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detection element for detecting a passenger’s skin tempera-
ture as the surface temperature of the temperature detection
area.

30

10. The air conditioner according to claim 9, wherein the
predetermined detection elements are upper side detection
elements and lower side detection elements among the plu-

5. The air conditioner according to claim 1, wherein:

the non-contact temperature sensor includes a plurality of
detection elements, which are arranged for detecting in
non-contact the surface temperatures of corresponding
parts separated in the temperature detection area; and

the determining means determines the obstacle exists

5

rality of detection elements.
11. The air conditioner according to claim 1, wherein:
the air conditioning unit includes a plurality of temperature
adjusting units for adjusting the temperature of air to be
blown into the passenger compartment; and
the first and second calculating units calculate the first and

between the temperature detection area and the non- 1o second target temperatures (o be adjusted by the tem-
contact temperature sensor when the number of the perature gdjustlng units, s the first .and the second air-
detection elements which have substantially the same condltlpmng c.o.ntrol Values,. respectlv.ely. .
detected surface temperature is equal to or larger than a 12. The air condltl.oneF accordmg to claim 11, wherein:
predetermined number. the temperature adjusting units are arranged to correspond
X . . . . 15 to seats in the passenger compartment, respectlvely;
6. The air conditioner according to claim 1, wherein: the non-contact temperature sensor detects the surface
the non-contact temperature sensor includes a plurality of temperature corresponding to each of the seats of the
detection elements, which are arranged for detecting in temperature detection area;
non-contact the surface temperatures of corresponding the first and the second calculating means respectively
parts separated in the temperature detection area; and 5 calculate the first and the second target temperatures
when the number of the detection elements, which have corresponding to each of the seats;
detected surface temperature changed by equal to or the determining means determines whether the obstacle
larger than a predetermined temperature at the same exists between the non-contact temperature sensor and
time, is equal to or larger than a predetermined value, the the temperature detection area in each of the seats;
determining means determines the obstacle exists 25 when the determining means determines that the obstacle
between the temperature detection area and the non- does not exist between the non-contact temperature sen-
contact temperature sensor. sor and the temperature detection area, the control unit
7. The air conditioner according to claim 1, wherein: controls the temperature adjusting units based on the
the non-contact temperature sensor includes a plurality of first target temperature; and .
detection elements, which are arranged for detecting in 3° Wheg the determining means determines that the obstacle
non-contact the surface temperatures of corresponding exists between the non-contact temperature sensor and
parts separated in the temperature detection area; and the temperature detection area, the control unit corrects
when the detected surface temperature of predetermined the first target temperature to be the second target tem-
detection elements among the plurality of detection ele- per?itureﬁo asto calzulg tea c(g{rrect.ed target tfm}ieraturg
ments changes by equal to or larger than a predetermined 3 used as the corrected air-conditioning control value, an
temperature, the determining means determines the the control unit controls the temperature adjusting units
obstacle exists between the temperature detection area based on the o .rrected target temperature. .
and the non-contact temperature sensor. 13. Th.e air condlt.loner accordlpg to claim 1, wherein the
. O . . . determining means is for determining whether an obstacle
8. The air conditioner according to claim 7, wherein 40 having a temperature near the current inside air temperature
the predetermined detection elements of the plurality of exists.
detection elements are at least two detection elements 14. The air conditioner according to claim 1, wherein the
separated from each other. obstacle includes a vanity mirror and a sun visor.
9. The air conditioner according to claim 1, wherein: 15. The air conditioner according to claim 1, wherein the
the non-contact temperature sensor includes a plurality of 45 obstacle is a stationary obstacle. . .
detection elements, which are arranged for detecting in 16. The air conditioner according to claim 15, wherein the
non-contact the surface temperatures of corresponding ~ SUrrent inside air temperature is not used by the first caleu-
parts separated in the temperature detection area; and 1at11ng Ilneans when calculating the first air-conditioning con-
. rol value.
when the detected surface temperature of predetermined 50 17. The air conditioner according to claim 1, wherein the

detection elements among the plurality of detection ele-
ments are substantially same, the determining means
determines that the obstacle exists between the tempera-
ture detection area and the non-contact temperature sen-
SOr.

current inside air temperature is not used by the first calcu-
lating means when calculating the first air-conditioning con-
trol value.



