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57 ABSTRACT

A vehicle air conditioner has a standby RAM having a map
memorizing many regions of, for example, preset
temperature, each of which is determined by environmental
conditions such as the inside/outside air temperatures and
the sunlight amount. The air conditioner automatically con-
trols the air conditioning of the passenger compartment of
the vehicle based on the information stored in the region of
the map determined by the environmental conditions that is
regarded as a control preset temperature used for calculating
a target blowing temperature in a control flow repeating
cyclically. When the preset temperatures read at the previous
cycle and the current cycle are different from each other, the
control preset temperature is regarded as the preset tempera-
ture which changes gradually from the previous one to the
current one, whereby the temperature of air blown into the
passenger compartment gradually changes.

8 Claims, 6 Drawing Sheets
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VEHICLE AIR CONDITIONER WITH
AUTOMATIC AIR-CONDITIONING
CONTROL

CROSS REFERENCE TO RELATED
APPLICATION

This application is based upon Japanese Patent Applica-
tion No. 2001-287311, filed on Sep. 20, 2001, the contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle air conditioner,
which has an automatic air-conditioning control function
and a learning control function of a passenger’s preference
for reflecting the passenger’s preference to air-conditioning.

2. Related Art

An air conditioner such as the one disclosed in JP-A-8-
197933 has a learning control function. The air conditioner
memorizes the preset temperature in each condition deter-
mined by the detected value of the environmental condition
of a vehicle such as the inside air temperature and the
outside air temperature. When the passenger performs the
changing operation of the preset temperature to change the
inside air temperature to the preferred temperature of the
passenger, the air conditioner learns the preference of the
passenger by changing the preset temperature, which is
memorized in the memory portion in association with the
detected value of the environmental condition of the vehicle
when the changing operation is conducted, to the tempera-
ture corresponding to the preferred temperature of the pas-
senger. The air conditioner automatically controls the con-
dition in the vehicle based on the preset temperature, which
is indicated by the memory portion in association with the
detected value of the environmental condition of the vehicle
at the time when the detected value of the environmental
condition of the vehicle is change while the air-conditioning
operation is activated.

On the other hand, there is another air conditioner that
learns the passenger’s preference of, for example, the blow-
ing mode of the conditioned air, the amount of the condi-
tioned air blown into the passenger compartment, the suck-
ing mode of the air, the blowing direction of the conditioned
air from the air duct or the like in addition to the learning
control function of the temperature as described above.

However, the air conditioner described in the prior art
changes the temperature of the air blown into the passenger
compartment drastically when the difference between the
detected value and the preset value of the temperature is
large, whereby the passenger feels uncomfortable.

Moreover, in the above-described other type of the air
conditioner that learns the passenger’s preference relating to
the blowing mode and the like, the sound pressure level is
rapidly increased to cause uncomfortable feeling to the
passenger when, for example, the amount of the air blown
into the passenger compartment is rapidly increased, or the
sucking air mode is rapidly changed from an outside-air
mode to an inside-air mode.

SUMMARY OF THE INVENTION

An object of the invention is to provide an improved
vehicle air conditioner that controls air conditioning auto-
matically.

According to an aspect of the present invention, the air
conditioner has an operational portion for setting a desired
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condition in the air conditioning of the vehicle that is
manually operated by a passenger, a memory portion for
memorizing information of said desired condition in asso-
ciation with a detected value of environmental condition
relating to the air conditioning of the vehicle, and for
correcting the memorized information of said desired con-
dition based on an operation of the operational portion. The
air conditioner automatically controls the air conditioning in
a passenger compartment of the vehicle based on the memo-
rized information determined by the detected value of envi-
ronmental condition that is read from the memory portion.
When the content of the former memorized information read
before the detected value of the environmental condition
changes is different from that of the latter memorized
information read after the detected value of environmental
condition changes, the content of the former memorized
information is varied gradually so as to approximate that of
the latter memorized information, and then, the air condi-
tioner automatically controls the air conditioning based on
said gradually varied information.

Suppose that the memorized information relates to inside
air temperature that the passenger prefers, even if the
difference between the preset temperatures respectively read
before and after the detected value of environmental condi-
tion changes is large, the temperature of the air blown from
a blow-out port gradually changes since the inside condition
of the vehicle is automatically controlled in accordance with
the gradually varied information, thereby reducing or elimi-
nating the uncomfortable feeling of the user caused by the
rapidly change of the temperature of air blown into the
passenger compartment.

There might be many ways to gradually change the
memorized information.

According to another aspect of the present invention, a
vehicle air conditioner has various blow-out modes such as
a FOOT mode in which the conditioned air is blown to an
upper body of the passenger, a FACE mode in which the
conditioned air is blown to feet of the passenger and a
BI-LEVEL mode in which the conditioned air is blown to
both of the upper body of the passenger and the feet of the
passenger, and automatically changes these blow-out mode.
In this air conditioner, when the blow-out mode is changed
from the FOOT mode to the FACE mode because of the
change in environmental condition, the blow-out mode is
changed from the FOOT mode to the FACE mode through
the BI-LEVEL mode, vise versa.

With this feature, the blow-out mode is not changed from
the FOOT mode to the FACE mode directly, thereby reduc-
ing or eliminating the uncomfortable feeling of the passen-
ger that would be caused by the rapidly change.

Other features and advantages of the present invention
will become more apparent from the following detailed
description made with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a system diagram illustrating a construction of
a ventilation system according to a first embodiment of the
present invention;

FIG. 2 is a flow chart showing an automatic air condi-
tioning control of the first embodiment of the present
invention;

FIG. 3 is a flow chart showing a main feature of the
control of the first embodiment of the present invention;

FIG. 4 is a diagram showing the characteristic of preset
temperature of the first embodiment of the present invention;
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FIG. 5 is a diagram showing a sample of correction of
preset temperature in the first embodiment of the present
invention;

FIG. 6 is a diagram showing the characteristic of the
amount of air blown into a passenger compartment in the
first embodiment of the present invention;

FIG. 7 is a diagram showing the characteristic of inside/
outside air sucking mode in the first embodiment of the
present invention;

FIG. 8 is a diagram showing the characteristic of blowout
modes in the first embodiment of the present invention;

FIG. 9 is a flow chart showing a main feature of the
control of a second embodiment of the present invention;

FIG. 10 is a diagram showing the characteristic of blow-
out modes in the second embodiment of the present inven-
tion; and

FIG. 11 is a diagram showing control pattern of blow-out
modes in the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Specific embodiments of the present invention will now
be described hereinafter with reference to the accompanying
drawings in which the same or similar component parts are
designated by the same or similar reference numerals.

(First Embodiment)

First, a schematic ventilation system in which air is blown
toward a passenger compartment of a vehicle will be
described with reference to FIG. 1. An air conditioning unit
10 has an inside/outside air switching box 11 in which an
outside air inlet 11a for introducing outside air (air of the
outside of the vehicle) and an inside air inlet 11b for
introducing inside air (air of the passenger compartment).
The inside/outside air switching box 11 is provided at the
most upstream end of the air conditioning unit 10.

The inside/outside air switching box 11 has an inside/
outside switching door 12 rotatably disposed therein
between the outside air inlet 11a and the inside air inlet 115.
The inside/outside switching door 12 is driven by an
electric-drive apparatus 124 such as a servomotor. The
switching door 12 opens and closes the outside air inlet 11a
and the inside air inlet 115 to determine from which inlet the
air should be introduced or determine the mixing rate
between the air from the outside of the vehicle and the air
from the passenger compartment of the vehicle.

An air blower unit 13 is provided at a downstream side of
the inside/outside air switching box 11 in the air condition-
ing unit 10, for blowing air to the downstream side of the air
conditioning unit 10. The air blower unit 13 has a blower-
driving motor 14 and a centrifugal blower fan 15 connected
to a rotor shaft of the blower-driving motor 14. An evapo-
rator 16 and a heater core 17 are arranged in the downstream
side of the blower fan 15.

The evaporator 16 is a cooling heat exchanger and con-
stitutes a refrigeration cycle with a compressor driven by an
engine (not shown) and the like, for cooling air by absorbing
heat from the air coming into the air conditioning unit 10 by
causing evaporation of low-pressure coolant. The heater
core 17 is a heating heat exchanger, for heating the air using
hot water (cooling water) flowing in the engine 20 as a heat
source.

An air mix door 18 is rotatably provided at a upstream
side of the heater core 17. The air mix door 18 is driven by
an actuator 18a to determine an opening degree thereof for
adjusting the ratio between the amount of heated air passing
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through the heater core 21 and the amount of cooled air
bypassing the heater core 17, thereby adjusting the tempera-
ture of the air blown into the passenger compartment.
Namely, the heated air passing through the heater core 21
and the cooled air bypassing the heater core 17 are mixed
with each other so as to make air having a temperature
indicated by a passenger. Therefore, the air mix door con-
stitutes a temperature adjusting means for the air blown into
the passenger compartment.

At the most downstream end of the ventilation passage in
the air conditioning unit 10, a blow-out mode switching
portion is provided. More specifically, a defroster door 20
for opening and closing a defroster blow-out port 19, a face
door 22 for opening and closing a face blow-out port 21 and
a foot door 24 for opening and closing a foot blow-out port
23 are provided. These doors 20, 22, 24 are driven by an
actuator 25 to determine a blow-out mode of the conditioned
air, for example, a FACE mode (FACE), a BI-LEVEL mode
(B/L), a FOOT mode (FOOT), a FOOT-DEF mode or a
DEFROSTER mode. The conditioned air is blown into the
passenger compartment from an opened port according to
the blow-out mode.

When the FACE mode is selected, the face blow-out port
21 is fully opened while the defroster blow-out port 19 and
the foot blow-out port 23 are closed, thereby blowing out the
conditioned air only through the face blow-out port 21
toward an upper body of the passenger in the passenger
compartment of the vehicle.

When the BI-LEVEL mode is selected, the face blow-out
port 21 and the foot blow-out port 23 are fully opened while
the defroster blow-out port 19 is closed, thereby blowing out
the conditioned air through the face blow-out port 21 and the
foot blow-out mode toward the upper body and feet of the
passenger in the passenger compartment of the vehicle at the
substantially equal amount of the conditioned air.

When the FOOT mode is selected, the foot blow-out port
23 is fully opened while the face blow-out port 21 is closed,
and the defroster blow-out port 19 is slightly opened. As a
result, the conditioned air is mainly blown toward the feet of
the passenger through the foot blow-out port 19 while some
of the conditioned air is blown toward an inside part of a
windshield of the vehicle.

When the DEFROSTER mode is selected, the defroster
blow-out port 19 is fully opened while the face blow-out port
21 and the foot blow-out port 23 are closed, thereby blowing
out the conditioned air only through the defroster blow-out
port 19 toward the inside part of the windshield of the
vehicle.

When the FOOT-DEFROSTER mode is selected, the
defroster blow-out port 19 and the foot blow-out port 23 are
fully opened while the face blow-out port 21 is closed,
thereby blowing out the conditioned air through the
defroster blow-out port 19 and the foot blow-out mode at the
substantially same amount of the conditioned air.

An air conditioning control device 30 has a microcom-
puter 31 as a control means. The amount of the conditioned
air blown into the passenger compartment is controlled by
determining the revolution speed of the blower motor 14 that
is determined by the applied voltage (blower voltage)
thereto. The blower voltage is adjusted in accordance with
an output signal from the microcomputer through a drive
circuit 32. Other actuators 124, 18a and 25 are also con-
trolled by the drive circuit 32 based on output signals from
the microcomputer 31.

The microcomputer 31 has a well-known structure includ-
ing a CPU, a ROM portion, a RAM portion, a standby RAM
portion, an I/O port portion, an A/D converter and the like.
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The standby RAM serves as a memory means, i.e., a
backup memory for storing values (information) that have
the passenger’s preferences learned through the operations
by the passenger even when an ignition switch (hereinafter,
referred to as an IG) is turned off that changes the status of
the engine from an active condition to a non-active
condition, and vice versa. The voltage is supplied to the
standby RAM directly from a battery equipped in the
vehicle, not through the IG even if the IG is turned off.
Besides, a backup battery (not shown) is equipped with the
vehicle to supply voltage to the microcomputer 31 for a short
time in a situation that the microcomputer 31 is disconnected
from the battery.

Operational signals are input to the microcomputer 31 that
are sent from an air conditioning operational portion 33
arranged on an instrument panel in the passenger compart-
ment. Many kinds of switches are provided in the opera-
tional portion 33, such as an AUTO switch 34 for setting an
automatic control condition of the air conditioner, an inside/
outside air selecting switch 35 for manually selecting an
inlet mode between an inside air inlet mode and an outside
air inlet mode, a blow-out mode selecting switch 36 for
manually selecting the blow-out mode described above, a
blowing air amount adjusting switch 37 for manually adjust-
ing the amount of air blown by the fan 15, a temperature
setting switch 38 for setting a preferred temperature of the
passenger. The temperature setting switch 38 serves as an
operational portion operated by the passenger for setting a
passenger’s desired condition in the air conditioning of the
vehicle.

The microcomputer 31 receives sensor signals from sev-
eral sensors each of which detects an environmental condi-
tion that influences the air conditioning in the passenger
compartment. More specifically, the sensors are an inside air
temperature sensor 39 for detecting the temperature (TR) of
the outside air in the passenger compartment, an outside air
temperature sensor 40 for detecting the temperature (TAM)
of the inside air of the vehicle, a sunlight sensor 41 for
detecting the amount of sunlight (TS) incident into the
passenger compartment, an evaporator temperature sensor
42 for detecting the temperature (TE) of the evaporator
(actually, the temperature of the air immediately after pass-
ing through the evaporator), a water temperature sensor 43
for detecting the temperature (TW) of the cooling water
circulating in the engine and the heater core 17 and the like.
The signals from those sensors are input to the microcom-
puter after being converted by the A/D converter. A signal
sent from the temperature setting switch 38 is also input to
the microcomputer 31 after its level is converted by a level
converter circuit 44.

The blowing air amount adjusting switch 37 has an up
amount switch 37a and a down amount switch 37b both of
which are push type switches. The up amount switch 374
outputs an increase signal by which the blower voltage (the
voltage supplied to the drive motor 14) is increased at one
level that denotes 0.25 volts in every single pushing opera-
tion by the passenger. To the contrary, the down amount
switch 37b outputs a reduction signal by which the blower
voltage is reduced at one level that denotes 0.25 volts in
every single pushing operation by the passenger.

Next, a flow chart executed by the microcomputer 31 in
this embodiment will be described with reference to FIG. 2.
This flow chart will start by turning on the IG. First of all,
every conversion and setting of initial values of flags or the
like are executed in step S100. Next, the microcomputer 31
reads the operational signals from the switches 34-38 in step
S110. Then, the microcomputer 31 reads the detected signals
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indicative of the environmental conditions of the vehicle
from the sensors 39—43 in step S120.

In following step S130, if the temperature setting switch
38 is operated by the passenger to adjust the temperature of
the inside air to comply with the passenger’s preferred
temperature in the passenger compartment, the microcom-
puter 31 learns the preferred temperature by correcting a
preset temperature memorized in the standby RAM after
being operated. The detail of the step S130 will be described
later.

Next, a target blowing temperature TAO of the air blown
into the passenger compartment is calculated in step S140
based on detected signals indicative of the environmental
conditions that are read out at the step S120 and the preset
temperature in the standby RAM that may be the value after
being learned by the microcomputer. When the preset tem-
perature after being learned that is used in calculating the
TAO is a control preset temperature TSET, the TAO
becomes a necessary air blowing temperature for keeping
the passenger compartment at the control preset temperature
TSET regardless of change in the environmental condition
(heat load condition).

The concrete performance in the steps S130 and S140 will
be described with reference to FIG. 3. In step S131, it is
determined whether or not the passenger has manually
changed to set his/her preferred temperature in the passenger
compartment based on the operational signal indicative of
the switch that was read in step S110. If it is determined that
the passenger did, then, the flow will continue to the next
step S132.

As shown in FIG. 4, the standby RAM has a three
dimensional control preset temperature map that has regions
divided in accordance with the inside air temperature, the
outside air temperature and the sunlight amount. Each
region has its own control preset temperature, which is
initially set at a central value of the control preset
temperature, for example, 25° C. When the passenger manu-
ally operates the temperature setting switch 38 to set his/her
preferred temperature in the passenger compartment, the
microcomputer learns the preferred temperature by correct-
ing the control preset temperature memorized in a region
determined by the inside temperature, the outside tempera-
ture and the sunlight amount all of which are read at step
S120, and by rememorizing the control preset temperature
after being corrected. FIG. 4 shows samples of the control
preset temperatures of the regions rewritten by correcting as
described above.

Subsequently, the flow will continue to step S141 from
step S132. The flow also will continue to step S141 from the
step S131 when it is determined that the passenger has not
manually operated the temperature setting switch 38 to set
the preferred temperature in the passenger compartment.

In step S141, the control preset temperature TSET, which
is used for calculating the TAO, is determined as follows.

The control preset temperature, which is stored in the
region determined by the information described above, is
read out from the latest (after being learned) preset tem-
perature map in the standby RAM.

Next, the control preset temperature read out at a previous
time and the control preset temperature read out at this time
are compared. When both are the same, it is determined that
the control preset temperature read out this time is regarded
as the control preset temperature TSET for calculating the
next TAO.

On the other hand, when both are different from each
other due to change in the inside air temperature, the outside
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air temperature or the sunlight amount, the control preset
temperature TSET for calculating the next TAO is gradually
varied. One sample of variation of the TSET is shown in
FIG. 5. The gradually varied TSET as shown in FIG. 5 is
regarded as the TSET for calculating the next TAO, that is
gradually changed by a step of a predetermined amount (for
example, 0.5° C.) in every predetermined amount of time
(for example, 20 seconds) so as to gradually change from the
previous control preset temperature (25° C. in this example)
to the control preset temperature to be set (23° C. in this
example) at this time. As the other variation of the TSET, a
variation based on time constant can be adopted, which is
obtained by multiplying a value that changes gradually as
time elapses so as to gradually change from the previous
control preset temperature to this control preset temperature.

Next, the flow will continue to the step S142 to calculate
the TAO using the following equation (1) based on the
control preset temperature TSET determined at the step
S141.

TAO=KSETXTSET-KRxTR-KAMXTAM-KSxTS+C )
Wherein KSET, KR, KAM and KS represent coefficients,
and C represents a correction constant. TSET, TR, TAM, TS
represent the control preset temperature, the inside air
temperature, the outside air temperature, the sunlight
amount as described above, respectively.

Next, in step S150, a blower voltage for determining the
blowing air amount is determined from a control character-
istic (map) shown in FIG. 6 based on the TAO determined
by the above-described equation (1).

Next, a target opening degree SW of the air mix door 18
is calculated according to the following equation (2) based
on the TAO described above. The temperature of air after
passing through the evaporator TE and the temperature of
the hot water TW are values read out at the step S120 (as
shown in FIG. 1).

SW=((TAO-TE)/(TW-TE))x100(%) @

Next, the flow will continue to determine the inside/
outside air inlet mode that is adjusted by the inside/outside-
air switching door 12 by using a control characteristic (map)
shown in FIG. 7 based on the TAO. Then, the flow will
continue to step S180 to determine the blow-out mode that
is achieved with the blow-out mode doors 20, 22 and 24 by
using a control characteristic (map) shown in FIG. 8 based
on the TAO.

After that, the flow will continue to step S190 to control
an activation in each actuator 124, 182 and 25 in addition to
the revolution rate of the blower motor 14 by supplying
control signals to them through the drive circuit 32 that are
obtained at each step S150 to S180.

Next, it is determined whether or not time t has passed that
represents a control cycle of the air conditioning. When the
time t has passed, the flow restarts from the step S110.

According to this embodiment, when the control preset
temperature at a previous time and the control preset tem-
perature at this time are different from each other, both of
which are read out from the preset temperature map shown
in FIG. 4, that is, when there is difference between the preset
temperatures read out respectively before the environment
condition changes and after the environment condition
changes, the control preset temperature is gradually varied,
and the TAO is calculated based on this gradual varied
control preset temperature. Therefore, the temperature of air
blown into the passenger compartment also changes
gradually, thereby preventing or reducing the uncomfortable

10

15

20

25

30

35

40

45

50

55

60

65

8

feeling of the passenger caused by rapid change in tempera-
ture of the air blown into the passenger compartment.

Incidentally, in this embodiment, the preset temperature
restored as the map shown in FIG. 4 is formed based on the
sunlight amount in addition to the inside/outside air tem-
peratures. Therefore, the air conditioning by using the map
shown in FIG. 4 may be more suitable for the temperature
feeling of the passenger.

(Second Embodiment)

In the first embodiment, the microcomputer learns the
passenger’s preference only on the control preset tempera-
ture though, the microcomputer learns the other preference
such as the blow-out mode as well in this embodiment.
Therefore, the step S180 in FIG. 2 that is for determining the
current blow-out mode is shown as the flow shown in FIG.
9, and the map shown in FIG. 8 changes to a map shown in
FIG. 10. The other features are the same as those of the first
embodiment.

As shown in FIG. 9, the blow-out mode determining step
comprises many steps. In the first step S181, it is determined
whether or not the passenger manually changed the blow-out
mode, i.e., the blow-out mode switch 36 has been changed
by referring to the switch operational signal read out at the
step S110. When it is determined that the switch 36 has been
manually changed, the flow will continue to step S182.

As shown in FIG. 10, the standby RAM has a three
dimensional blow-out mode map that has regions divided in
accordance with the temperature deviation Td (Td=[inside
temperature]-[control preset temperature read at the step
S141]), the outside air temperature and the sunlight amount.
Each region has its own blow-out mode, which is initially set
at a predetermined blow-out mode complying with the
feeling of average passengers (the FACE mode (FACE), the
BI-LEVEL mode (B/L) and the FOOT mode (FOOT)).

In step S182, it specifies the region in the map shown in
FIG. 10 based on the inside air temperature, the outside air
temperature and the sunlight amount all of which are read at
the step S120, and the control preset temperature read at the
step S141. That region is corrected to be rewritten
(rememorized) from the blow-out mode memorized previ-
ously to that set manually by the passenger. It is determined
that the blow-out mode after being learned is regarded as the
blow-out mode in this time. Then, the flow will continue to
the step S190 as shown in FIG. 2.

Meanwhile, when it is determined that the blow-out mode
switch 36 has not been operated manually, the flow will
continue to step S183. In this step S183, it specifies the
region in the map shown in FIG. 10 based on the inside air
temperature, the outside air temperature, the sunlight and the
like. Then, the blow-out mode memorized in the specified
region is read out.

Next, the flow will continue to step S184 to compare the
blow-out mode read at a previous time and the blow-out
mode read out at this time to determine whether the differ-
ence between them is large or not. When the FACE mode,
the BI-LEVEL mode, the FOOT mode and the FOOT-
DEFROSTER mode are referred to as (I), (IT), (III) and (IV),
respectively, the difference is determined as small between
adjacent modes such as (I)-(II), (IN—(IIT) and (IID—~IV) so
that the determination in the step S184 becomes “NO”,
while the difference is determined as large between non-
adjacent modes such as (D)—(IID), (D—~IV) and (IDHIV) so
that the determination in the step S184 becomes “YES”
When the determination in the step S184 is “YES”, the flow
will continue to step S185. In the step S185, an intermediate
mode is selected as the blow-out mode at this time, and timer
T starts. Then, the flow will continue to step S190. When the
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blow-out mode changes from the FACE mode to the FOOT
mode (and vice versa), the BI-LEVEL mode becomes the
intermediate mode. When the blow-out mode changes from
the FACE mode to the FOOT-DEFROSTER mode (and vice
versa), the BI-LEVEL mode or the FOOT mode becomes the
intermediate mode. When the blow-out mode changes from
the BI-LEVEL mode to the FOOT-DEFROSTER mode (and
vice versa), the FOOT mode becomes the intermediate
mode.

When the determination in the step S184 is “NO”, the
flow will continue to step S186. In the step S186, it is
determined whether the timer T has finished or not. In this
embodiment, the timer T is set to finish when reaching 60
seconds. When it is not determined that the timer T has
finished, the determination in the step S186 becomes “NO”,
then the flow will continue to step S187 to keep the current
blow-out mode. After that, the flow will continue to the step
$190.

When it is determined that the timer T has finished, the
determination in the step S186 becomes “YES”. Then the
flow will continue to step S188 to clear the timer T and
determine that the blow-out mode in the region read at this
time is regarded as the blow-out mode at this time. Then, the
flow will continue to step S190.

In step S190, the actuator 25 shown in FIG. 1 is activated
based on the control signals determined at each step S182,
S185, S187 and S188.

FIG. 11 shows a control diagram when the determination
in the step S184 is “YES”. When the blow-out mode changes
from the previous time mode (FACE mode in this
embodiment) to the this time mode (FOOT mode in this
embodiment), the intermediate modes (BI-LEVEL mode in
this embodiment) is set for the predetermined time period
(60 seconds in this embodiment) between the two mode
described above as shown in the dotted line in FIG. 11.

Although the intermediate mode is set for the predeter-
mined time period when the determination in the step S184
is “YES”, the other diagram can be adopted, for example,
such that the current blow-out mode is kept at the interme-
diate mode before the inside air temperature changes by 1°
C., and after the inside air temperature changes by 1° C.,
then the blow-out mode read at this time is selected as the
blow-out mode to be set. Moreover, although the interme-
diate mode is set for gradually shifting from one blow-out
mode to the other mode to be memorized in the map shown
in FIG. 10, the information memorized in the region can be
rewritten in accordance with the predetermined amount of
change in the inside air temperature in the vehicle (for
example, 1° C)).

According to this embodiment, the blow-out mode does
not change, for example, from the FACE mode to the FOOT
mode, or FOOT mode to the FACE mode directly, thereby
reducing or preventing the uncomfortable feeling of the
passenger because of the rapid change in the blow-out mode.

In the above embodiments, the inside temperature, the
outside temperature, the sunlight amount or the temperature
deviation is used as information to determine the preset
temperature or the blow-out mode in the map shown in FIG.
4 or 10, the feeling of the passenger due to temperature such
as the passenger surface temperature can be used as infor-
mation instead of the inside air temperature or the tempera-
ture deviation.

In the map shown in FIG. 4 or 10, hysteresis may be
adopted when the region changes from one region (A) to the
other region (B), and from the other region (B) to the one
region (A) to prevent hunching.

Moreover, other memory elements such as EEPROM
(nonvolatile memory) can be used for the memory means

10

15

20

25

30

35

40

45

50

55

60

65

10

instead of the standby RAM. The map for memorizing
information determined by the environmental conditions
described above also can be many kinds. It is not limited to
a 3-dimensional map, but can be a single-dimensional map
or two-dimensional map, 4-dimensional map or the like, if
desired.

Furthermore, operations can be adopted as follows.

The microcomputer 31 can learn a control characteristic
map of the amount of the blown-out air based on the
operation of the blowing air amount adjusting switch 37 by
correcting it. When the difference between the blower volt-
age read at a previous time and the blower voltage read at
this time is large, the blower voltage can be varied gradually
to gradually change the amount of air blown into the
passenger compartment.

Or, the microcomputer can learn a control characteristic
map of the inlet mode by correcting it. When the inlet mode
changes from the outside air inlet mode to the inside air inlet
mode, or vice versa, the inlet mode is set at a half-inside air
mode for the predetermined time that is an intermediate
mode between the two modes.

In an air conditioning apparatus in which a blow-out
direction of the conditioned air toward the passenger com-
partment can be adjustable automatically using a swing grill
driven by an actuator, the microcomputer can learn a control
characteristic map of the blow-out direction by correcting it
based on the operation by the passenger. When the differ-
ence between the blow-out direction read out at a previous
time and the blow-out direction read out at this time is large,
the direction is set at an intermediate blow-out direction
between the two directions for the predetermined time.

While the present invention has been shown and
described with reference to the foregoing preferred
embodiment, it will be apparent to those skilled in the art
that changes in form and detail may be therein without
departing from the scope of the invention as defined in the
appended claims.

What is claimed is:

1. A vehicle air conditioner having automatic control,
comprising:

an operational portion for setting a desired condition in
the air conditioning of a passenger compartment of the
vehicle that is manually operated by a passenger;

a memory portion for memorizing information of said
desired condition in association with a detected value
of an environmental condition relating to the air con-
ditioning of the vehicle, and for correcting the memo-
rized information of said desired condition based on an
operation of the operational portion; and

a control portion for automatically controlling the air
conditioning of the passenger compartment of the
vehicle based on the memorized information deter-
mined by the detected value of the environmental
condition that is read from said memory portion,
wherein:
when the content of a former memorized information

read before the detected value of the environmental
condition changes is different from that of a latter
memorized information read after the detected value
of the environmental condition changes, the content
of the former memorized information is varied
gradually so as to approach that of the latter memo-
rized information, and wherein, the air conditioning
is automatically controlled based on said gradually
varied information; and said desired condition in said
air conditioning is at least one of a blow-out mode of
the conditioned air blowing into the passenger
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compartment, a blowing air amount of the condi-

tioned air blowing into the passenger compartment,

an inlet mode of air sucked into the vehicle air

conditioner and a blow-out direction of the condi-

tioned air blowing into the passenger compartment.

2. A vehicle air conditioner having automatic control,

comprising:

an operational portion for setting a desired condition in

the air conditioning of a passenger compartment of the
vehicle that is manually operated by a passenger;

a memory portion for memorizing information of said
desired condition in association with a detected value
of an environmental condition relating to the air con-
ditioning of the vehicle, and for correcting the memo-
rized information of said desired condition based on an
operation of the operational portion; and

a control portion for automatically controlling the air
conditioning of the passenger compartment of the
vehicle based on the memorized information deter-
mined by the detected value of the environmental
condition that is read from said memory portion,
wherein:
when the content of a former memorized information

read before the detected value of the environmental
condition changes is different from that of a latter
memorized information read after the detected value
of the environmental condition changes, the content
of the former memorized information is varied
gradually so as to approach that of the latter memo-
rized information, and wherein, the air conditioning
is automatically controlled based on said gradually
varied information: and

the content in the information is varied gradually so as to
change by a predetermined step after a predetermined
time has elapsed.

3. A vehicle air conditioner having automatic control
according to claim 2, wherein said air conditioning is at least
one of a blow-out mode of the conditioned air blowing into
the passenger compartment, a blowing air amount of the
conditioned air blowing into the passenger compartment, an
inlet mode of air sucked into the vehicle air conditioner and
a blow-out direction of the conditioned air blowing into the
passenger compartment.

4. A vehicle air conditioner having automatic control,
comprising:

an operational portion for setting a desired condition in
the air conditioning of a passenger compartment of the
vehicle that is manually operated by a passenger:

a memory portion for memorizing information of said
desired condition in association with a detected value
of an environmental condition relating to the air con-
ditioning of the vehicle, and for correcting the memo-
rized information of said desired condition based on an
operation of the operational portion; and a control
portion for automatically controlling the air condition-
ing of the passenger compartment of the vehicle based
on the memorized information determined by the
detected value of the environmental condition that is
read from said memory portion, wherein:
when the content of a former memorized information

read before the detected value of the environmental
condition changes is different from that of a latter
memorized information read after the detected value
of the environmental condition changes, the content
of the former memorized information is varied
gradually so as to approach that of the latter memo-
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rized information, and wherein, the air conditioning

is automatically controlled based on said gradually

varied information; and

the content in the information is varied gradually so as
to change by a predetermined step after a predeter-
mined degree of temperature has changed.

5. A vehicle air conditioner having automatic control
according to claim 4, wherein said air conditioning is at least
one of a blow-out mode of the conditioned air blowing into
the passenger compartment, a blowing air amount of the
conditioned air blowing into the passenger compartment, an
inlet mode of air sucked into the vehicle air conditioner and
a blow-out direction of the conditioned air blowing into the
passenger compartment.

6. A vehicle air conditioner having automatic control,
comprising:

an operational portion for setting a desired condition in
the air conditioning of a passenger compartment of the
vehicle that is manually operated by a passenger;

a memory portion for memorizing information of said
desired condition in association with a detected value
of an environmental condition relating to the air con-
ditioning of the vehicle, and for correcting the memo-
rized information of said desired condition based on an
operation of the operational portion; and

a control portion for automatically controlling the air
conditioning of the passenger compartment of the
vehicle based on the memorized information deter-
mined by the detected value of the environmental
condition that is read from said memory portion,
wherein:
when the content of a former memorized information

read before the detected value of the environmental

condition changes is different from that of a latter
memorized information read after the detected value
of the environmental condition changes, the content
of the former memorized information is varied
gradually so as to approach that of the latter memo-
rized information, and wherein, the air conditioning
is automatically controlled based on said gradually

varied information; and said air conditioning is a

blow-out mode of the conditioned air blowing into

the passenger compartment, the blow-out mode com-
prises:

a face mode in which the conditioned air is blown
toward an upper body of the passenger, a foot
mode in which the conditioned air is blown toward
feet of the passenger and a bi-level mode in which
the conditioned air is blown toward the upper
body of the passenger and the feet of the
passenger, wherein:

the blow-out mode is automatically selected
among the face mode, the foot mode and the
bi-level mode;

the foot mode is set as the blow-out mode after
the bi-level mode is selected as the blow-out
mode for a predetermined time period when
the blow-out mode changes from the face
mode to the foot mode due to change in the
environmental condition; and

the face mode is set as the blow-out mode after
the bi-level mode is selected as the blow-out
mode for a predetermined time period when
the blow-out mode changes from the foot
mode to the face mode due to change in the
environmental condition.

7. A vehicle air conditioner having automatic control
according to claim 6, wherein said air conditioning is at least
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one of a blow-out mode of the conditioned air blowing into
the passenger compartment, a blowing air amount of the
conditioned air blowing into the passenger compartment, an
inlet mode of air sucked into the vehicle air conditioner and
a blow-out direction of the conditioned air blowing into the
passenger compartment.
8. A vehicle air conditioner having automatic control,
comprising:
an operational portion for setting a desired condition of
the air conditioning in a passenger compartment of the
vehicle that is manually operated by a passenger;

a memory portion for memorizing information of said
desired condition in association with a detected value
of an environmental condition relating to the air con-
ditioning of the vehicle; and

a control portion for automatically controlling the air
conditioning in the passenger compartment of the
vehicle based on the memorized information deter-
mined by the detected value of the environmental
condition that is read from said memory portion,
wherein:
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when the content of a former memorized information

read before the detected value of the environmental
condition changes is different from that of a latter
memorized information read after the detected value
of the environmental condition changes, the content
of the former memorized information is varied
gradually so as to approach that of the latter memo-
rized information, and wherein, the air conditioning
is automatically controlled based on said gradually
varied information, and said desired condition of
said air conditioning is at least one of a blow-out
mode of the conditioned air blowing into the pas-
senger compartment, a blowing air amount of the
conditioned air blowing into the passenger
compartment, an inlet mode of air sucked into the
vehicle air conditioner and a blow-out direction of
the conditioned air blowing into the passenger com-
partment.



