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ABSTRACT OF THE DISCLOSURE

A user enters a thermal perception level or a
temperature set point in a perception level & temperature
entry portion (15). Then, a clock portion (16) calculates,
by clocking, the time of entry to the perception level §
temperature e;try portion (15), and the entered temperature
set point is stored as a temperature set point of an
individual time interval in a temperature set point memory
portion (18). When no entry is available to the perception
level & temperature entry portion (15), air conditioning
power is controlled in accordance with a temperature that
has been already stored in the temperature set point ﬁemory

portion (18).
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TITLE OF THE INVENTION

AIR CONDITIONER AND METHOD FOR CONTROLLING THE SAME

BACKGROUND OF THE INVENTIQN
1. Field of the Invention
The present invention relates to an air conditioner
and a method for controlling the air conditioner, which
provide a comfortable environment to a pPerson’s perception

that changes according to each of 1life scenes.

eess’ 2. Description of the Prior Art

The thermal perception of a human body is determined
by temperatures, humidity, radiation, and airflow speeds,
veeest which are referred to as the four factors of thermal
“eeee’ environment, and the human factors, that is, the amount of

clothes worn by and the activity level of a person. 1In

general, the air conditioner controls the temperature and
e humidity of the.four factors of thermal environment and is
o el intended to adjust them to a constant value. However, as
mentioned above, the thermal perception of a persén is
susceptible to the human factors such as the amount of
clothes worn by and the activity level of the person. That
is, the person lives a variable life, and accordingly the
amount of clothes and the activity level of the person vary

in the variable life, thereby conceivably causing the




perception level of the person to change. The activity
level is varied by the walk, posture, motion, work or the
like of the person, thereby causing the environment to
change, in which the person feels confortable, depending on
the behavior and the way of living of the person.
Therefore, it»is necessary to create a dwelling environment
suitable for the variable life in order to control the
environment at all times to be comfortable.

The varying life can be classified according to the
scenes of the life, for example, the scenes of sleeping,
going-out, staying at home or the like. In the scene of
sleeping, the activity level becomes significantly low and
the bedding is added to the clothes worn by the person.
Thus, this makes the human factors totally different from
that at the awakening time such as the scene of staying at
home, so as to obviously bring about a different
comfortable environment. Conventionally, to create a
comfortable dwelling environment at the time according to

the person’s thermal perception level that varies depending

" on the life scene, a user has set or changed on an as-

needed basis the temperature set point or the “state of
operation of an air conditioner to use it.

On the other hand, as an example of operation control
in each of the life scenes, an air conditioner that

provides comfort to a life scene of sleeping and energy




saving is disclosed in Japanese Patent Laid-Open
Publication No.Sho 62-33239. Fig.1l4 is a timing chart of
voltages corresponding to shifted temperatures in a
conventional air conditioner. As iliustrated, the
temperature set point is shifted when the user turns on the
“sleep” mode switch at bedtime, and control is performed to
make a shifting amount and a time interval (elapse time) of
the temperature set point larger stepwise.

The temperature set point is shifted stepwise by a
small amount at first and then by a larger amount. In this
manner, a greater amount of temperature shift can be
finally obtained than an amount of temperature shift
obtained by a temperature stepwise shifting by the same
amount, provided that the number of shifting is the same,
so that energy saving is improved. In addition, a time
interval of temperature shift is changed according to the
shifting amount of the temperature, thereby exerting no
adverse effect on the comfort level of a person in bed.

Furthermore, for example, an air conditioner that is
designed with particular attention to a difference in the.
activity level and the amount of clothes between the
periods of awakening and sleeping in the sleeping scene is
disclosed in Japanese Patent Laid;Open Publication No.Hei
4-126941. Pig.15 is a timing chart of shifted temperatures

of the conventional air conditioner. As illustrated, with




this air conditioner, the user is allowed to enter (set)
the desired temperature set points for bedtime and rising
time independently of the temperature set point for the
time of awakening. The temperature set point is shifted
automatically toward the rising time so that the
temperature set point for the rising time is reached at the
rising time. To provide a comfortable temperature set
point during sleeping, comfort can be provided by
temperature set points independent of that for awakening

time which are the temperature set points for the bedtime

.and rising time arbitrarily set. That is, the temperature

set points for the bedtime and rising time can be set by
the user to his or her preferences, thereby implementing a
dwelling environment (sleeping environment) which is closer
to the one desired by the user.

However, the air conditioner configured as described
above has required an inconvenient operation for a user to
change on an as-needed basis the temperature set point or
the like of the air conditioner, in order to create a
comfortable dwelling environment according to different
occasions. Moreover, in some cases, eliminating the
inconvenient operation of changing the temperature set
point resulted in failing to realize a comfort dwelling
envirénment, and in operating the air conditioner‘without

taking the energy saving into consideration.
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On the other hand, even in the air conditioner of the prior
art example provided with operation contrxol for each life scene,
a temperature set point could not be set arbitrarily for the
life scene and only one pattern for changing the temperature set

5. point was provided, not necessarily realising energy saving.

The applicant does not concede that the prior art discussed
in the specification forms part of the common general knowledge

in the art at the priority date of this application.

Summary of the invention

10 According to a first aspect of the present invention there
HIRAN is provided an air conditioner comprising
_::; an entry portion for allowing a user of the air

conditioner to enter at least a desired temperature in order to

set it in the air conditioner as a target temperature,

15 a clock portion for measuring time,

a set temperature learning portion for learning a set

RN temperature constituted by the desired temperature in connection
sgeeed with one of a plurality of predetermined time zones constituting
e one day, based on the desired temperature entered in said entry

. -
seee

«."»20 portion and the time which is measured by said clock portion

when the desired temperature is entered,

a set temperature memory portion for storing the set
temperature learnt by said set temperature learning portion, and
in the case where a different set temperature has been already

25 stored in connection with the same predetermined time =zone,

deleting the different set temperature stored already, and
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an air conditioning power control portion for
controlling air conditioning power in accordance with set
temperatures in connection with said plurality of predetermined
time zones stored in said set temperature memory portion, and
5 the present time,
wherein when a user has entered a desired temperature in
said entry portion more than once during a predetermined time
zone in a day, said set temperature learning portion learns a

set temperature in connection with said predetermined time zone,

10 which, for a cooling cycle of operation is equal to or greater

atee® than a mean temperature and equal to or less than the maximum
'r:f temperature of the desired temperatures entered to the entry
. portion during the predetermined time zone, and which, for a

heating cycle of operation is equal to or greater than the
5 minimum temperature and equal to or less than a mean temperature
of said desired temperatures entered to the entry portion during

the predetermined time zone.
L Preferably the air conditioner of the present invention has
Teane® a plurality of operation patterns including at least operation
patterns of heating and cooling cycles, wherein said set

temperature memory portion stores a set temperature for each of

said plurality of predetermined time =zones for each of the

plurality of operation patterns.

In another preferred embodiment of the present invention
25 the air conditioner comprises a temperature change patern memory

portion for storing a plurality of temperature change patterns,
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wherein one of the plurality temperature change
patterns is selected and determined, thereby controlling air
conditioning power in accordance with the determined temperature

change pattern.

5 Another preferred embodiment of the present invention
provides an air conditioner wherein from the storing a plurality

of temperature change patterns,

wherein one of the plurality temperature change
patterns is selected and determined, thereby controlling air
conditioning power in accordance with the determined temperature

change pattern.

Advantageously an embodiment of the present invention

provides an air conditioner whereby by the different temperature
change patterns, the cooling temperature is more slowly shifted

15 at a time of decreasing the cooling temperature than at a time

Jeeee, of increasing the cooling temperature during a cooling cycle of
sgeees operation, while the heating temperature is shifted more slowly
.::% at a time of increasing the heating temperature than at a time
e of decreasing the heating temperature during a heating cycle of

20 operation.

Another preferred embodiment of the present invention
provides an air conditioner wherein the entry portion has entry
means for selectively entering one of a plurality of operation

modes corresponding to a plurality of life scenes respectively,
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wherein said set temperature memory portion stores set
temperatures in connection with said plurality of predetermined

time zones for each of the plurality of operation modes, and

wherein air conditioning is controlled in accordance
5 with the set temperatures in connection with the predetermined
time zones for the selectively entered operation mode, stored in

the set temperature memory portion.

A further preferred embodiment of the present invention
provides an air conditioner wherein the operation modes include
at least a sleep mode, and when another mode is changed to the
sleep mode, air conditioning is carried out by reducing a

rotational speed of an indoor air blower.

Brief description of the drawings

Fig. 1 is a view illustrating the configquration of an air
15 conditioner according to a first embodiment of the present

invention.

Fig. 2 is a control block diagram of the air conditioner

according to the first embodiment of the present invention.

Fig. 3 is a control flow program of the air conditioner

20 according to the first embodiment of the present invention.

Fig. 4 shows tables of temperature set points stored in a

temperature set point memory portion according to the




first embodiment of the present invention.

Fig.5 is a graph showing the change in room air
temperature with the passage of time according to the first
embodiment of the present invention.

Fig.6 shows tables of temperature set points stored
in a temperature set point memory portion according to a
second embodigent of the present invention.

Fig.7 is a graph showing the change in room air
temperature with the passage of time according to the
second embodiment of the present invention.

Fig.8 is a control block diagram of an air
conditioner according to a third embodiment of the present
invention.

Fig.9 shows graphs illustrating patterns of the
change in temperature of the air conditioner according to
the third embodiment of the present invention.'

Fig.10 shows graphs illustrating patterns of the
change in temperature of the air conditioner according to
the third embodiment of the present invention.

Fig.ll is a graph showing the change in room air
temperature with the passage of time according to the third
embodiment of the present invention.

Fig.12 is a control block diagram of an air
conditioner according to a fourth embodiment of the present

invention.




Fig.13 is a view illustrating the image of the
contents stored in the temperature set point memory portion
according .to the fourth embodiment of the present invention.

Fig.1l4 is a timing chart illustrating the voltage
corresponding to shift temperatures of a conventional air
conditioner.

Fig.15 is a timing chart illustrating the shift in

temperature of a conventional air conditioner.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
. bodi

Fig.l is a view illustrating the configuration of the
air conditioner according to thé first embodiment of the
present invention. Fig.2 is a control block diagram of the
air conditioner. Fig.3 is a control flow diagram of the
air conditioner according to the first embodiment of the
present invention.

Referring to Figs.l and 2, reference numeral 1
designates a compressor driven by a constant frequency or
variable frequencies, reference numeral 2 designates a
four-way valve for changing the direction of flow of a
refrigerant between cooling and heating operations, and
reference numeral 3 designates an outdoor heat e#changer.
The compressor 1, the four-way valve 2, and the heat

exchanger 3 mainly constitute an outdoor unit 4.

10




On the other hand, reference numeral 5 designates an
indoor heat exchanger; reference numeral 6 designates an
air blower for circulating air in the room; and reference
numeral 7 designates an air intake port 7, through which
air is drawn from the room into the air blower 6.

Reference numeral 8 designates an air output port, through
which air is glown from the air blower 6 into the room;
reference numeral 9 designates louvers, provided on the air
output port 8, for changing the direction of the blown air;
and reference numeral 10 designates a room temperature
detector portion such as a thermistor for measuring the
room air temperature. The heat exchanger 5, the air blower
6, the air intake port 7, the air output port 8, the
louvers 9, and the room temperature detector portion 10
constitute an indoor unit 11.

The outdoor unit 4 and the indoor unit 11 are coupled
to each other by piping 13, constituting a refrigerating
cycle as a whole. This makes it possible to cool or warm
an air-conditioned room 12 by operating the compressor 1
and switéhing the four-way valve 2. In addition, the
outdoor and indoor units 4, 11 are electrically coupled to
a controller 14 to receive and send control signals.
Reference numeral 15 designates a perception level &
temperature entry portion such as a remote controller,

where the user enters operation conditions such as a user’s

11




perception level of temperature, a desired temperature, an
operation mode such as heating and cooling and the like.
The user’s entries take the form of signal to be sent to
the outdoor and indoor units 4, 11 via the controller 14.
This aliows the air conditioner to be operated to satisfy
the room temperature set point desired by the user. Here,
the perceptioA entry means to enter the perception level of
temperature felt by the human body such as “hot” or “cold”,
wﬁile the temperature entry means to enter a temperature
set point ;s the temperature desired by the user.

In addition, the room air temperature of the air-
conditioned room 12 is detected with the room temperature
detector portion 10 provided inside the indoor unit 11 and .
the signals therefrom are sent to the controller 14. The
controller 14 carries out the operation of the air
conditioner in accordance with these control signals. More
specifically, the air conditioner is operated in accordance
with the control signals from the controller 14 to change
the rotational speed of the compressor 1, the rotational
speed of the indoor air blower 6, and the vane angle ¢ of
the louvers 9. -

Now, the controller 14 will be explained with
reference to Fig. 2. Reference numeral 16 designates a
clock portion, having a timer function, for measuring time

and outputting the measured time to a temperature set point

12




learning portion 17 and a target temperature determining
portion 19 for determining the target temperature of the
air-conditioned foom 12. 1In accordance with the perception
or temperature entry from the perception level §&
temperature entry portion 15 and the time entry from the
clock portion 16, the temperature set point learning

portion 17 learns the temperature set point entered by the

user, the current operation mode, and the time of the day

during which the temperature set point have been entered,
and then sends an output to a temperature set point memory
portion 18. Reference numeral 18 designates the
temperature set point memory portion which has a memory for
storing a plurality of temperatures and stores a plurality
of temperature set points learned by the temperature set
point learning portion 17. For example, when a day of 24
hours is divided into one-hour intervals, the temperature
set point memory portion 18 memorizes 24 temperature set
points for a day, which have been learned for each one-hour
interval. 1In addition, when the air conditioner has a
plurality of operation modes such as cooling and heating,
the temperature set point mémory portion 18 can store 24
temperature set points for eacﬁ of the operation modes.

In the case of the temperature entry when the user
has entered a temperature set point into the perception

level & temperature entry portion 15, the target

13




temperature determining portion 19 determines this
temperature set point set by the user, as a target
temperature. Furthermore, in the case of the perception
entry when the user has entered a perception level, for
example, “hot” during the cooling cycle of operation, the

target temperature determining portion 19 determines a

current target temperature - °C (where o = 0.5, 1.0, 1.5)
as the target temperature. On the other hand, to eliminate
the inconvenience of setting and improve the comfort level
of the user, a day is divided into predetermined intervals
and the divided time intervals are stored in the
temperature set point memory portion 18. Then, at the time
of start of each time interval (hereinafter referred to as
a "reference time”), the learned temperature set point for
the time interval is determined as the targét temperature
irrespective of a percéption or temperature entry from the
perception level & temperature entry portion 15.

Reference numeral 20 is an air conditioning power
control portion which mainly changes the rotational speed
of the compressor 1 and turns on or off the compressor 1 to
adjust the room air temperature to the target temperature
in accordance with the target temperature determined by the
target temperature determining portion 19 and the room air
temperature detected by the room temperature detector

portion 10. Furthermore, the air conditioning power

14




control portion 20 can carry out not only power control but
also make it possible to change the rotétional speed of the
compressor 1, the rotational speed of the indoor air blower
6, and the vane angle ¢ of the louvers 9, as required.

Now, the cooling cycle of operation of the air
conditioner, configured as described above, according to
the first emb;diment will be explained below with reference
to Figs.l to 3. Referring to Figs.l to 3, when the user
has turned on a power supply switch (not shown) and entered
an operation mode and a temperature set point into the |
perception level & temperature entry portion 15 (if “YES”
in step S1), the information is entered into the
temperature set point learning portion 17 of the controller
14. The temperature set point learning portion 17 receives
the information regarding the current time interval from
the clock portion 16 to learn the operation mode and the
temperature set point for the time interval {(step S2),
which are outputted to the temperature set point memory
portion 18.

The temperature set point memory portion 18
associates the operation mode, time interval, .and the
learned temperature set point with each other, which have
been entered from the temperature set point learning
portion 17, to store them therein (step S3). Fig. 4 shows

tables of the temperature set points of one-hour intervals

15
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for the cooling cycle of operation, stored in the
temperature set point memory portion 18. When a day of 24
hours is divided into one-hour intervals, 24 temperature
set points are actually stored in the temperature set point
memory portion 18. However, Fig. 4(a) shows ten
temperature set points stored for the 8-o’clock interval to
the l7—o’cloc£ interval.

The temperature set points stored in the temperature
set point memory portion 18 are rewritten or changed as
follows. During the 13-o’clock interval (a predetermined
time interval), the temperature set point for the cooling
operation, stored in the temperature set point memory
portion 18, is 27°C as shown in Fig.4(a). However, suppose
that the user has entered a temperature set point of 26°C
at 13:20 into the perception level & temperature entry
portion 15. In this case, the temperature set point
learning portion 17 determines that the temperature set
point has been entered during the 13-o‘clock interval since
the time output from the clock portion 16 tells that the
current time is in the 13-o’clock interval. Thus, the
temperature set point learning portion 17 learns the user’s
comfortable temperature during the 13-o’clock interval.

The temperature set point learning portion 17 outputs the
temperature set point to the temperature set point memory

portion 18, and then the temperature set point memory

16




portion 18 changes the contents of the temperature set
point stored therein from 27°C to 26°C as shown in Fig.4(b)
to store the resul;inq temperature set point. Thus, user’s
comfortable temperatures are learned from the temperature
set points entered by the user, thereby making it possible
to serve each life scene.

Furtherﬁore, when the user has entered an operation
mode and a temperature set point into the perception level
& temperature entry portion 15 (if “YES” in step S1), the
target temperature determining portion 19 determines the
entered temperature set point as a target temperature to
change the room temperature to the temperature desired by
the user (step S4). On the other hand, even when no
temperature set point is entered by the user into the
perception level & temperature entry portion 15 (if ”NO” in
step S1), the target temperature determining portion 19
determines at all times whether the current time is a pre-
set reference time in accordance with the time output from
the clock portion 16 (step S5).

When the current time is a reference time (if “YES”
in step S5), the target temperature determining portion 19
reads the temperature set point for the current time
interval stored in the temperature set point memory portion
18 and then determines the temperature set point as a

target temperature (step S4). The reference time is the

17




start time of each time interval and can be set as one
o’clock, two o’clock, 3 o‘clock or the like when one-hour
intervals are available. Alternatively, the reference time
can be set not to the start of each time interval but to a
point within each time interval. The air conditioning
power control portion 20 changes the rotational speed of
and turns on Ar off the compressor 1 to thereby control the
air-conditioning power in orderbto adjust the room air
temperature to the target temperature in accordance with
the target temperature determined by the target temperature
determining portion 19 and the room air temperature
detected by the room temperature detector portion 10 (step
s7).

Now, it will be explained below how to control the
air-conditioning power and how to change a target
temperature (temperature set point). Fig.5 is a graph

showing the change in room air temperature with the passage

of time, detected by the room temperature detector portion

10. Referring to Fig.5, symbol “O" designates the

- temperature set points stored for each of the time

intervals (one-hour intervals) shown in Fig.4(a), whereas

symbol “®” designates the temperature set points entered
into the perception level & temperature entry portion 15.
In addition, the solid line designates the change in target

temperature, while the bold line designates the change in

18




room temperature following the change in target temperature.
Here, when no entry is available into the perception level

& temperature entry portion 15, employing the temperature
set point stored for each time interval as a target
temperature, the air-conditioning power is controlled to
adjust the room air-temperature to the target temperature.

On the other hand, when a temperature set point of 26°C is

 entered at 13:20 into the perception level & temperature

entry portion 15 the stored temperature set point is
updated from the former temperature set point 27°C to the
newly entered one 26°C as shown in Fig. 4(b), and the
target temperature is changed to the new temperature set
point (of 26°C) to control air-conditioning power.
Thereafter, when it comes to 14:00 of a reference time, the
target temperature is changed to the temperature set point
(27°C) for the l4-o’clock interval stored for the cooling
cycle of operation to control the air-conditioning power.
As described above, the air conditioner according to

the present invention adjusts the room temperature at once

) by an entry of the temperature set point and further

eliminates the user’s inconvenience of setting a
temperature set point or the like of the air conditioner on
an as-needed basis. On the presumption that a life scene
during the same time interval of a day remains unchanged,

the air conditioner alsc controls the air conditioning at

19




the same time interval of next and following days to change
the target temperature in accordance with the temperature
set point entered most recently at the same time interval
in a day. This makes it possible to create a comfortable
dwelling environment to a variable life.

Furthermore, even when the user has entered a

perception level of “hot” once into the perception level &

temperature entry portion 15 or a desired temperature set
point, a subsequent change in the life scene would
presumably vary the perception of the user. However, it is
troublesome to frequently change a témperature set point.
Therefore, the user allows the temperature set point to
remain unchanged in many cases even when the user feels a
little colder during a cooling cycle of operation, which is
not preferable in terms of energy saving. However, the air
conditioner aécording to the present invention changes
automatically the target temperature to the temperature set
point learned with reference to the reference time, thereby
making it possible to improve the level of eﬁergy saving.
That is, the air conditioner according to the present
invention is characterized mainly by maintaining a comfort
level in guick response to tﬁe desired temperature set
point entered by the user and implementing energy saving as
well,

In addition, according to this embodiment, after a

20




temperature set point of 26°C has been entered into the
perception level & temperature entry portion 15, the
temperature is changed to the temperature set point at the
reference time to control the air-conditioning power.
However, to provide comfort at the temperature set point
desired by thg user, the target temperature determining
portion 19 also makes it possible to control the air-
conditioning power by allowing the target temperature not
to be changed to the temperature set point but to remain
unchanged. This may be continued for a predetermined
period of time, for example, for thirty minutes, after the
temperature set point has been entered into the perception
level & temperature entry portion 15 even when the time

output from the clock portion 16 is the reference time.

sSecond embodiment
Fig.6 shows tables of temperature set points, stored
in the temperature set point memory portion, for each one-

hour interval in a cooling operation mode. Fig.7 is a

" graph showing the relationship between the change in room

air temperature with the passage of time, detetted by the
room temperature detector portion 10, and the perception or
temperature entry. Referring to Fig. 7, symbol “o"
designates the temperature set points for each of the

predetermined time intervals (one-hour intervals) shown in

21




Fig. 6(a), whereas symbol “®” designates the temperature

set points entered into the perception level & temperature
entry portion 15. 1Incidentally, the principal structure of
the air conditioner is the same as that of the first
embodiment and therefore is not repeatedly explained.
Moreover, the components which are the same as or
equivalent to those of the first embodiment are given the
same reference numerals and not repeatedly explained. 1In
this embodiment, it‘is described below how the temperature
set point learning portion 17 learns the two or more
temperature set points which are entered during one time
interval into the perception level & temperature entry
portion 15.

When a day of 24 hours is divided into one-hour
intervals, the temperature set point memory portion 18
stores actually 24 temperature set points. However, Fig.
6(a) shows ten temperature set points stored for the 8-
o’clock interval to the 17-o’clock interval for the cooling
operation mode. In the same manner as described in the
first embodiment, even when no entry is available into the
perception level & temperature entry portion 15, the target
temperature determining portion 19 determines whether the
time is a reference time, in accordance with the time
output from the clock portion 16. Then, the target

temperature determining portion 19 determines as the target

22




temperature the temperature set point for each one-hour
interval stored in the temperature set point memory portion
18.

Therefore, as shown in Fig.7, the air-conditioning
power is controlled so that the room air temperature
detected by the room temperature detector portion 10 is
adjusted to the temperature set point of the time interval.
Here, when a temperature set point is enfered into the
perception level & temperature entry portion 15, the target
temperature determining portion 19 changes the target
temperature to the temperature set point to control the
air-conditioning power. Thereafter, the target temperature
determining portion 19 changes the target temperature at
the reference time to the temperature set point for a
predetermined point of time to control the air-conditioning
power,

Here, as the 13-o’clock interval shown in Fig.7, when
a perception level or temperature is entered once in one
hour, the temperature set point learning portion 17
receives information regarding the current time interval
from the time output of the clock portion 16.  Then, the
temperature set point 1e§rning portion 17 learns the
operation mode and temperature set point for the time
interval and then outputs the resulting data to the

temperature set point memory portion 18. On the other hand,

23




during an interval such as the 14-o'clock interval where
the perception level or temperature is entered twice or
more in one hour, the temperature set point learning
portion 17 takes energy saving into consideration. Thus,
in a cooling cycle of operation, the temperature set point
learning portjon 17 léarns that a comfortable temperature
is an arbitrary temperature between the maximum and an
average temperature of the entered temperature set points,
and then outputs the resulting data to the temperature set
point memory portion 18. On the other hand, in a heating
cycle of operation, the temperature set point learning
portion 17 learns that a comfortable temperature is an
arbitrary temperature between the minimum and an average
temperature of the entered temperature set points, and then
outputs the resulting data to the temperature set point
memory portion 18. However, to enhance energy saving, the
temperature set point learning portion 17 can output the
maximum temperature of the entered temperature set points
to the temperature set point memory portion 18 during a
cooling cycle of operation, whereas outputting the minimum
temperature of the entered temperature set points to the
temperature set point memory portion 18 during a heating
cycle of operation.

That is, when two temperature set points of .25°C and

26°C have been entered by the user as in the l4-o’clock
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interval, the temperature set point learning portion 17
learns a higher temperature set point or 26°C, which is in
turn outputted to the temperature set point memory portion
18. The temperature set point memory portion 18 changes
and then memorizes the stored contents of the temperature
set point of the 14-o’clock interval as shown in Fig. 6(b).
Since learning is carried out in accordance with the
temperature set point provided by the user even when a
temperature set point is adapted to be learned as described
above, energy saving can be improved without affecting the
comfort level of the user. In addition, in the same manner
as in the first embodiment, the temperature set point may
also be memorized in accordance with the recent entry of

the user,

hird embodi
Fig.8 is a control block diagram of an air
conditioner according to the third embodiment of the
present invention. Fig.9 shows graphs illustrating
patterns of the change in temperature to a target
temperature against the reference time. Incidéntally, the
principal structure of the air conditioner is the same as
that of the first embodiment and therefore is not
repeatedly explained. Moreover, the components which are

the same as or equivalent to those of the first embodiment
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are given the same reference numerals and not repeatedly
explained. In the first embodiment, the method for
determiniﬁg a target temperature differently at different
times to a life scene has been explained. In this
embodiment, described below is how to control the patterns

for changing the room air temperature to a target

temperature.

Referring to Fig.8, reference numeral 21 designates a
temperature change pattern memory portion for storing a
plurality of temperature change patterns. A plurality of
temperature change patterns are stored for each operation
mode such as a cooling or heating cycle of operation.
Reference numeral 22 designates a target temperature change
pattern determining portion for determining the target
temperature and the temperature change patterns of room air.
When a perception level & temperature is entered on the
perception level & temperature entry portion 15, the target
temperature change pattern determining portion 22
detefmines as a target temperature the temperature set
point in the operation mode. On the other hand, even when
no perception level & temperature is entered on the
perception level & temperature entry portion 15, the target
temperature change pattern determining portion 22
determines as a target temperature the temperature set

point of the time interval stored in the temperature set

26




point memory portion 18 at the reference time.

After the target temperature has been determined, the
target temperature change pattern determining portion 22
determines the change pattern to reach the target
temperature. That is, since the entry of a perception
level & temperature-on the perception level & temperature
entry portion 15 would show that the user desires the
temperature to be changed, it is necessary to respond to
the requirement of £he user by changing the temperature to
the target temperature as soon as possible after the entry
of the perception level & temperature. On the other hand,
when the temperature set point in the time interval stored
in the temperature set point memory portion 18 is
determined as a target temperature, the temperature is not
the one entered by the user and therefore the air
conditioning is controlled taking as much consideration of
energy saving as possible.

In the first embodiment, when temperature set points
are stored for each one-hour interval in the temperature
set point memory portion 18, the air-conditioning capacity
is controlled to change the target temperature to the
témperature set point at the reference time or the start
time of the one-hour interwval. However, this embodiment
provides a plurality of temperature change patterns for

reaching the target temperature. The target temperature
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change pattern determining portion 22 determines one of the
plurality of change patterns. Then, the compressor 1 is-
controlled to change the rotational speed and turned on or
off to bring the target temperature to the room air
temperature in accordance with the determined temperature
change patterns.

The temperature change patterns and a method for
determining a temperature change pattern will be described
below. As shown in Fig.9(a), when the operation pattern is
a cooling cycle of operation where the cooling temperature
is increased with the temperature set point of the
subsequent time interval being higher than temperature set
point of the current time interval, the target temperature
is changed as soon as possible to the temperature set point
of the subsequent time interval at the reference time to
control the air conditioning. On the other hand, to
decrease the cooling temperature with the temperature set
point of the subsequent time interval being lower than
temperature set point of the current time interval, the
target temperature is changed to the temperature set point
at the reference time to control the air conditioning.

This makes it possible to maintain as high a temperature as
possible during the cooling cycle of operétion, thereby
providing a healthy and comfortable dwelling environment

with the air-conditioning load being reduced and without
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making the user feel overcooled.

In addition, as shown in Fig.9(b), contrary to the
cooling cycle of operation, when the operation pattern is a
heating cycle of operation where the heating temperature is
increased with the temperature set point of the subsequent
time interval being higher than temperature set point of
the current time interval} the target temperature is
changed at the reference time to control the air
conditioning. On the other hand, to decrease the heating
temperafure with the temperature set point of the
subsequent time interval being lower than temperature set
point of the current time interval, the target temperature
is changed as soon as possible to the temperature set point
of the subsequent time interval at the reference time to
control the air conditioning. This makes it possible to
maintain as low a temperature as possible during the
heating cycle of operation, thereby reducing the air-
conditioning load.

As described above, air conditioning is carried out
in accordance with the learned temperature set point.
Moreover, not with one type of temperature change pattern
but with a plurality of temperature change patterns, a
temperature change pattern which provides better energy
saving among the plurality of temperature change patterns

is selectively determined aécording to the circumstances.
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This makes it possible to reduce the total load of the air
conditioner during the cooling and heating cycles of
operation and implement operation control with improved
energy saving without affecting the comfort level of the
user.

In addition, another example of temperature change
patterns is shown in Fig.10. As shown in Fig.1l0(a), when
operation pattern is a cooling cycle of operation where a
cooling temperature is increased with the temperature set
point of the subsequent time interval being higher than the
temperature set point of the current time interval, the
target temperature is shifted quickly from the reference
time to control air conditioning. On the other hand, in a
case where a cooling temperature is decreased with the
temperature set point of the subsequent time interval being
lower than the temperature set point of the current time
interval, the target temperature is shifted slowly from the
reference time to control air conditioning.

In addition, as shown in Fig.10(b), contrary to -the

V cooling cycle of operation, when the Ooperation pattern is a

heating cycle of operation where a heating temperature is
increased with the temperature set point of the subsequent
time interval being higher than the temperéture set point
of the current time interval, the target temperature is

shifted slowly from the reference time to control air
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conditioning. On the other hand, in a case where a heating
temperature is decreased with the temperature set point of
the subsequent time interval being lower than the
temperature set point of the current time interval, the air
conditioning is carried out so that. the target temperature
is changed as.soon as possible from the reference time to
reach the temperature set point quickly and thereby provide
a shift in temperature. As described above, by providing
for several types of gradients of target temperature change
patterns, it is made possible to reduce the tétal load of
the air conditioner during the cooling and heating cycles
of operation and implement operation control with improved
energy saving.

Furthermore, it is also possible to provide a
difference in the times for changing the temperature to a
target temperature and in the gradients of target
temperature change patterns. In these cases, it is
possible to reduce the total load of the air conditioner
during the cooling and heating cycles of operation. Fig.1l1
is a graph showing the change in room air temperature with
the passage of time, provided when such opera{ion control
is carried out. Referring to Fig.ll, at 12 o'clock, the
target temperature is changed to 25°C or the temperature
set point of the 12-o0’clock interval to provide a slow

temperature shift., On the other hand, at 13 o’clock, it is
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more advantageous to energy saving to shift the room
temperature to 27°C or the temperature set point of the 13-
o’clock interval and therefore the target temperature is
changed in good time in the 12-o’clock interval to control
air conditioning. Moreover, when a perception level &
temperature is entered on the perception level &
temperature entry portion 15 as in the 13- and l4-o’clock
intervals, the target temperature is changed to temperature

set point at once.

Fourth embodiment

Fig.12 is a control block diagram of an air
conditioner according to a fourth embodiment of the present
invention. Fig.13 is a view illustrating the image of the
contents stored in the temperature set point memory portion.
Incidentally, the principal configuration of the air
conditioner is the same as that of the first embodiment and
is not repeatedly explained. In addition, the components

which are the same as or equivalent to those of the first

' embodiment are given the same reference numerals and are

not explained repeatedly. )

The environment where a person feels comfortable
varies depending on the behavior and life scene of the
person. Té provide accordingly a comfortable environment

at all times, in the first to third embodiments, a target
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temperature is determined to be the temperature set point
learned for each predetermined time interval to carry out
air conditioning, thereby creating a dwelling environment
suitable for a variable life. On the other hand, of the
life scenes of a person, it is possible to interpret
fundamental life scenes as one framework. For example, the
framework can include fundamental life scenes such as
sleeping, going-out, staying at home or the like, and there
exists air conditioning suitable for each life scene.

For example, the level of activity is significantly
lowered and the amount of clothes is replaced by bedding
during a life scene of sleeping, thus providing human
factors different from such as those during the time of
being awake staying at home. Therefore, it can be
obviously said that a different fundamental dwelling
environment is provided. In this embodiment, an
explanation is given to the case where of the life scenes
of a person, fundamental life scenes are interpreted as a
framework to carry out air conditioning suitable for each
scene.

Referring to Fig.12, reference numeral 23 designates
an entry portion having perception level & temperature
entry means, entry means for entering operétion modes, and
entry means corresponding to each life scene such as “sleep

mode” or ”“go-out mode”. Reference numeral 24 designates a

33




sace
.
.o
e

LYY R
.

voen
sese
°s os

life scene change portion for changing each fundamental
life scene of the user. Here, the “life scene” means, for
example, a scene of sleeping, going-out, or staying at home,
which are organized in a predetermined framework.

Reference numeral 25 designates an air conditioning control
portion for changing the rotational speed of the compressor
1, the rotational speed of the indoor air blower 6, and the
vane angle ¢ of the louvers 9 whenever necessary in
accordance with the target temperature of each life scene
of the target temperature determining portion 19 and the
room temperature detected by the room temperature detector
portion 10.

Furthermore, in this embodiment, an explanation is
given below to the case, which is interpreted as a
“fundamental scene”, where air conditioning is carried out
with the temperature set point stored in the temperature
set point memory portion, described in the first to third
embodiments, being determined as a target temperature.

With reference to Fig.13, an example of changing a
life scene will be explained below. As explained in the
first embodiment, the example is normally a fundamental
scene where air conditioning is carried out with the
temperature set point of each one-hour interval being
employed as a target temperature. However, when the user

has entered the “sleep mode” on the entry portion 23, the
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life scene is changed by the life scene change portion 24
to the sleep scene which stores temperature set points
unique to the sleep scene, thereby carrying out air
conditioning suitable for each life scene.

On the other hand, the temperature set point memory
portion 18 has stored femperature set points unique to each
life scene with temperature set points of the sleep scene
being stored for each predetermined time interval. The
predetermined time interval can be set corresponding to
each life scene. For example, the sleep scene may be
divided into three time intervals of going to bed, sleeping,
and getting up, for each of which a temperaturé set point
is stored. Alternatively, the sleep scene may be divided
into more time intervals. Therefore, an output of a change
in scene to the sleep scene, provided from the life scene
change portion 24, would cause the temperature set point
memory portion 18 to output thé temperature set point
learned unique to the sleep scene for the current time
interval to the target temperature determining portion 19
via the life scene change portion 24 in accordance with the
time output from the clock portion 16. i

Here, the target temperature determining portion 19
determines the temperature set point as a target
temperature. Then, the air conditioning control portion 25

first changes the rotational speed of the compressor 1 and
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turns on or off the compressor 1 in accordance with the
target temperature and the.room air temperature detected by
the room temperature detector portion 10. In addition, to
cope appropriately with a unigue life scene or the sleep
scene, the rotational speed of the indoor air blower 6 is
minimized to reduce an adverse effect on the sleeping due
to the noise of the air conditioner (the noise of the
indoor air blower) given off during sleeping. On the othei
hand, to satisfy the requirement of the energy saving
operation, the rotational speed of the indoor air blower 6
is gradually increased when an accumulated difference
between the temperature of the indoor heat exchanger 5 and
the room air temperature has been found greater than a
predetermined amount. In addition, thereafter, the
rotational speed of the indoor air blower 6 is again
minimized in consideration of an adverse effect on the
sleeping due to the noise. In the sleep scene, it is also
possible to change the vane angle ¢ of the louvers 9 to
prevent air from being blown directly to the sleeping user
in order not to allow the user to feel overcooled.
Moreover, in the sleep scene, the target temperature
determining portion 19 can be designed to employ as a
target temperature the temperature set poiht of the time at
which the user has entered the “sleep mode” on the entry

portion 23 during a given period of time (e.g., 1 to 2
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hours) until sleep is entered, and then change the
temperature set point of the sleep scene to the target
temperature after the given period of time.

More specifically, as shown in Fig.13, when the user
goes to bed at 0:00 midnight and enters the “sleep mode” on
the entry portion 23, the reading of the contents stored in
the temperature set point memory portion 18 is shifted from
the fundamental scene to the sleep scene and thus air
conditioning is carried out corresponding to the sleep
scene from 0:00. On the other hand, when the time for
getting up has been set to 7 o'clock upon entry of the
“sleep mode”, the sleep scene is shifted to a fundamental
life scene at 7 o’clock. During the sleep scené,
temperature is controlled corresponding to the sleep scene
as described above. It is also possible to allow the sleep
scene to continue until it is released and then be shifted
to the fundamental life scene when the sleep mode is
released.

Thus, 'this makes it possible to carry out air

i conditioning suitable for each life scene by organizing

fundamental life scenes in a predetermined framework and
provide improved energy saving in the same manner as
explained in the first embodiment.

Incidentally, this embodiment has also a plurality of

temperature change patterns as explained in the third
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embodiment and makes it also possible to select a change
pattern corresponding to each life scene to thereby improve
the level of comfort and energy saving.

Each of the embodiments has been explained above
individually, however, the aforementioned embodiments can

be combined with each other as appropriate.
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Claims

1. An air conditioner comprising

an entry portion for allowing a user of the air conditioner
to enter at least a desired temperature in order to set it in
the air conditioner as a target temperature,

a clock portion for measuring time,

a set temperature learning portion for learning a set
temperature constituted by the desired temperature in connection
with one of a plurality of predetermined time zones constituting
one day, based on the desired temperature entered in said entry
portion and the time which is measured by said clock portion
when the desired temperature is entered,

a set temperature memory portion for storing the set
temperature learnt by said set temperature learning portion, and
in the case where a different set temperature has been already
stored in connection with the same predetermined time zone,
deleting the different set temperature stored already, and

an air conditioning power control portion for controlling
air conditioning power in accordance with set temperatures in
connection with said plurality of predetermined time zones
stored in said set temperature memory portion, and the present

time,
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wherein when a user has entered a desired temperature in

said entry portion more than once during a predetermined time

zone in a day, said set temperature learning portion learns a

set temperature in connection with said predetermined time zone,
5 which, for a cooling cycle of operation is equal to or greater
than a mean temperature and equal to or less than the maximum
temperature of the desired temperatures entered to the entry
portion during the predetermined time zone, and which, for a
heating cycle of operation is equal to or greater than the
minimum temperature and equal to or less than a mean temperature

of said desired temperatures entered to the entry portion during

the predetermined time zone.

2. An air conditioner according to claim 1, having a plurality

of operation patterns including at least operation patterns of
:.n.ﬁs heating and cooling cycles, wherein said set temperature memory

portion stores a set temperature for each of said plurality of

LT predetermined time zones for each of the plurality of operation
R patterns.
3. An air conditioner accoxrding to claim 1 or 2, further

20 comprising a temperature change pattern memory portion for
storing a plurality of temperature change patterns,
wherein one of the plurality temperature change patterns is

%Z:cted and determined, thereby controlling air conditioning
Y
‘7
Z
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power in accordance with the determined temperature change
pattern.

4. An air conditioner according to claim 3, wherein from the
plurality of temperature change patterns stored in said
temperature change pattern memory portion, different temperature
change patterns are selected to increase a cooling temperature
and to decrease a cooling temperature during a cooling cycle of
operation, whereas different temperature change patterns are
selected to increase a heating temperature and to decrease a
heating temperature during a heating cycle of operation.

5. The air conditioner according to claim 4, wherein by said
different temperature change patterns, the cooling temperature
is more slowly shifted at a time of decreasing the cooling
temperature than at a time of increasing the cooling temperature
during a cooling cycle of operation, while the heating
temperature is shifted more slowly at a time of increasing the
heating temperature than at a time of decreasing the heating
temperature during a heating cycle of operation.

6. An air conditioner according to any preceding claim,
wherein said entry portion has entry means for selectively
entering one of a plurality of operation modes corresponding to

a plurality of life scenes respectively,
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wherein air conditioning is controlled in accordance with
the set temperatures in connection with the predetermined time
zones for the selectively entered operation mode, stored in the
set temperature memory portion.
7. The air conditioner according to claim 6, wherein said
operation modes include at least a sleep mode, and when another
mode is changed to the sleep mode, air conditioning is carried
out by reducing a rotational speed of an indoor air blower.
8. An air conditioner substantially as herein described with

reference to the accompanying drawings.

Dated this 20th day of January 2003

Mitsubishi Denki Kabushiki Kaisha
by its attoreys

Freehills Carter Smith Beadle
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FIG. 4

Operation mode: Cooling cycle of operation

Time 8-0’ 9-¢’ 10-0’ 11-0’ 12-0’ 13-0 14-¢’ 15-0’ 16-0’ 170
interval clock clock clock clock clock clock clock clock clock clock
(one-hour) | interval| interval| interval| interval| interval intervalj interval| interval| interval| interval
(a) Temperature| 26 28 28 28 25 27 27 27 27 26
set point
(°C)
Time 8-0’ 9-0’ 10-¢’ 11-0’ 12-0 13-0’ 14-0’ 15-0’ 16-0’ 17-0’
interval ¢lock clock clock clock clock clock clock clock clock clock
(one-hour) { interval| interval| interval| interval| interval interval| interval| interval| intervall interval
(b)
Temperature 26 28 28 28 25 26 27 27 27 26
sel point |
(°C)
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(a)

(b)

FIG. 6

Operation mode: Cooling cycle of operation

Time 8-0’ 9-0’ 10-0’ 11-0’ 12-0’ 13-0’ 14-0’ 15-0 16-0’ 17-0°
interval clock clock clock clock clock clock clock clock clock clock
(one-hour) | interval| interval| interval| inferval| interval interval| interval| interval| interval| interval
Temperature| 26 28 28 28 25 27 27 27 27 26
set point

(*C)

Time 8-o’ 9-0’ 10-0’ 11-0’ 12-0’ 13-¢’ 14-0’ 15-0’ 16-0’ 17-0’
interval clock clock clock clock clock clock clock clock clock clock
{one-hour) | interval| interval| interval| interval| interval interval} interval| interval| interval| interval
Temperature| 26 28 28 28 25 26 26 27 27 26
set point |.

(°C)
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