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(54) REFRIGERATOR
(57)  Refrigerator (50) includes a storage chamber
partitioned by a heat insulation wall and a heat insulation FIG. 7

door, for storing a storage object, storage-volume esti-
mating unit (23) for estimating a storage volume in the
storage chamber, and memory unit (64) for memorizing
a result of estimation by storage-volume estimating unit
(23). Further, refrigerator (50) includes arithmetic control
unit (22) for calculating a storage change volume based
on a result of estimation of the storage volume up to a
last time memorized in memory unit (64) and a result of
estimation by the storage-volume estimating unit, and for
controlling an output operation of an electrofunctional
part. The arithmetic control unit compares a predeter-
mined threshold value with the storage change volume,
and decides that a storage volume changed when the
storage change volume exceeds the threshold value, and
controls an output operation of the electrofunctional part.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigerator
including means for detecting a storage volume in a stor-
age chamber.

BACKGROUND ART

[0002] Asamethod of cooling a household refrigerator
in recent years, an indirect cooling system for circulating
cold air in the refrigerator with a fan is general. Such a
conventional refrigerator has a cold-compartment tem-
perature sensor that detects atemperature in a cold com-
partment, and a freezing-compartment temperature sen-
sor that detects a temperature in afreezing compartment,
in a refrigerator. Further, the conventional refrigerator
holds a temperature in the refrigerator at a proper tem-
perature, by performing temperature control according
to detection results which are output from these sensors.
[0003] For example, as a refrigerator that uniformly
holds an in-refrigerator temperature, there is a refriger-
ator provided with a movable cold-air blowing apparatus
(see Patent Literature 1, for example).

[0004] FIG. 34 is amain-part front view of conventional
refrigerator 100, and FIG. 35 is a view for schematically
showing behaviors of configuration parts such as tem-
perature sensors of conventional refrigerator 100.
[0005] AsshowninFIG. 34,inconventionalrefrigerator
100, movable cold-air blowing apparatus 102 provided
in cold compartment 101 makes the in-refrigerator tem-
perature uniform by laterally supplying cold air.

[0006] AsshowninFIG.35,inconventionalrefrigerator
100, when a temperature detected by the freezing-com-
partment temperature sensor increases to a predeter-
mined temperature (ON temperature), the refrigerator
drives a compressor, and also when a temperature de-
tected by the cold-compartment temperature sensor is
equal to or higher than a temperature of a predetermined
value (open temperature), the refrigerator operates to set
"close—open" to a cold-compartment damper. In this
way, the refrigerator drives a cooling fan (hereinafter, this
operation is called "cold-compartment and freezing-com-
partment simultaneous cooling a").

[0007] Thereafter, when the detected temperature by
the cold-compartment temperature sensor reaches a
predetermined temperature (close temperature), the re-
frigerator operates to set "open—close" to the cold-com-
partment damper, and performs a cooling operation at
only a freezing compartment side (hereinafter, this oper-
ation is called "freezing-compartment independent cool-
ing b").

[0008] Thereafter, when the detected temperature by
the freezing-compartment temperature sensor reaches
a predetermined temperature (OFF temperature), the re-
frigerator stops the compressor (hereinafter, this opera-
tion is called "cooling-stop c").
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[0009] Then, conventional refrigerator 100 sequential-
ly repeats a series of operation including the cold-com-
partment and freezing-compartment simultaneous cool-
ing a, freezing-compartment independent cooling b, and
cooling-stop ¢, during a normal operation of the refriger-
ator.

[0010] Inthe case of refrigerator 100 having a freezing-
compartment damper, an operation of driving the com-
pressor and the cooling fan is added to the above series
of operation, by setting the cold-compartment damper to
"open" and setting the freezing compartment to "close"
(hereinafter, this operation is called "cold-compartment
independent cooling d".

[0011] However,in conventional refrigerator 100, even
when an in-refrigerator temperature is set uniform, a stor-
age object is not necessarily preserved at an optimum
temperature. This is because refrigerator 100 detects an
atmospheric temperature in the refrigerator or a return-
air temperature with the temperature sensors as temper-
ature detecting means, and because refrigerator 100
does not include means for directly detecting a temper-
ature of the storage object.

[0012] Thatis, thereis a difference between an atmos-
pherictemperature and an actual temperature of the stor-
age object in refrigerator 100. For example, a transition
period is assumed during which a temperature in refrig-
erator 100 reaches a set temperature after the inside of
the refrigerator is cooled from a state thatthe temperature
in the refrigerator rises immediately after a storage object
is input, after the door is opened for a long time, or im-
mediately after a defrosting operation. During this period,
there arises a temperature difference dependent on a
volume of a storage object, a specific heat of a storage
object or a heat capacity, between a detected tempera-
ture by temperature detecting means arranged in the re-
frigerator and a temperature of the storage object. There-
fore, time taken until reaching an optimum preservation
temperature changes depending on a storage volume.
Specifically, it is general that a cooling time until reaching
an optimum preservation temperature is long when a
storage volume is large. Therefore, an excessive cooling
operation sometimes occurs.

[0013] Further, when a temperature of the storage ob-
ject is stabilized at a low temperature by cooling after
passing a sufficient time, the storage object keeps the
temperature with a self heat capacity. However, when a
storage volume is large, there is a high possibility that a
storage object is placed near a discharge opening, and
cold air directly touches the storage object. Therefore,
the storage object tends to be cooled excessively. Fur-
ther, because the heat capacity becomes larger when
the storage volume is larger, a temperature difference
between the air and the food becomes smaller than that
when the storage volume is a normal storage volume.
Therefore, there is a tendency of excessive cooling. Con-
sequently, according to a conventional cooling control,
the storage object tends to become in a "too cold" state,
and it is difficult to cool the storage object at an optimum
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temperature. Further, during this period, refrigerator 100
performs a cooling operation while consuming excessive
energy, resulting in the occurrence of wasteful energy.
[0014] In recent years, a working form changes, and
households in which both husband and wife work are
increasing. Further, opportunities of buying in a large su-
permarket and the like are increasing. Accordingly, per-
sons performing a bulk buying of foods at one time for
one week are increasing in holidays. Therefore, the stor-
age volume in refrigerator 100 tends to increase more
than that of a conventional practice. On the other hand,
onweekdays, a storage object such asfoods is notadded
in many cases, and a life pattern of a general house is
changing.

[0015] Further, when a storage volume increases
large, because conventional refrigerator 100 performs a
temperature control according to results of detection by
temperature sensors arranged in the refrigerator, a time
difference occurs from when a storage object is input
until the temperature sensors detect an increase in the
temperature. This is attributable to a fact that the tem-
perature sensors are normally molded with a resin so
that the temperature sensors cannot easily follow a rapid
temperature change. Accordingly, it takes time from
when the storage object is input until a rapid cooling op-
eration is started by increasing rotation numbers of a
compressor and a cooling fan. That is, there is also a
problem in that because it takes a long time until the
temperature reaches an optimum preservation temper-
ature for the storage object, a food freshness preserva-
tion characteristic becomes lower.

Citation List
Patent Literature

[0016] PTL1: Unexamined Japanese Patent Publica-
tion No. H08-247608

SUMMARY OF THE INVENTION

[0017] The present invention has been made in view
of the above problems, and provides a refrigerator capa-
ble of starting a rapid cooling operation by increasing
rotation numbers of a compressor and a cooling fan with-
out generating a time difference from input of a storage
object.

[0018] The refrigerator according to the presentinven-
tion includes a storage chamber partitioned by a heat
insulation wall and a heat insulation door, for storing a
storage object, a storage-volume estimating unit for es-
timating a storage volume in the storage chamber, and
a memory unit for memorizing a result of estimation by
the storage-volume estimating unit. Further, the refriger-
ator includes an arithmetic control unit for controlling an
output operation of an electrofunctional part by calculat-
ing a storage change volume based on a result of esti-
mation of a storage volume up to the last time memorized
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in the memory unit, and a result of estimation by the stor-
age-volume estimating unit. The arithmetic control unit
controls the output operation of the electrofunctional part,
by comparing a predetermined threshold value with a
storage change volume, and by deciding that the storage
volume changed when the storage change volume ex-
ceeded the threshold value.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

FIG. 1 is a front view of a refrigerator according to a
first embodiment of the present invention.

FIG. 2 is a cross-sectional view along a 2-2 line in
FIG. 1 of the refrigerator according to the first em-
bodiment of the present invention.

FIG. 3 is a control block diagram of the refrigerator
according to the first embodiment of the present in-
vention.

FIG. 4 is an explanatory view of a storage-state de-
tecting operation of the refrigerator according to the
first embodiment of the present invention.

FIG. 5A is a diagram showing an operation of the
refrigerator, and showing a temperature change rel-
ative to time, according to the first embodiment of
the present invention.

FIG. 5B is a diagram showing an operation of the
refrigerator, and showing a temperature change rel-
ative to time, according to the first embodiment of
the present invention.

FIG. 6 is a flowchart showing a storage-volume de-
tection control of the refrigerator according to the first
embodiment of the present invention.

FIG. 7 is a flowchart showing a cooling-operation
decision control using a storage-volume detection
control of the refrigerator according to the first em-
bodiment of the present invention.

FIG. 8 is a flowchart showing another example of a
cooling-operation decision control using a storage-
volume detection control of the refrigerator accord-
ing to the first embodiment of the present invention.
FIG. 9 is a flowchart showing still other example of
a cooling-operation decision control using a storage-
volume detection control of the refrigerator accord-
ing to the first embodiment of the present invention.
FIG.10is a flowchart showing a control of performing
a cooling operation decision after a temperature de-
tection control by the refrigerator according to the
first embodiment of the present invention.

FIG. 11A is a view showing a relationship between
a storage volume change and a temperature change
of the refrigerator and a cooling operation decision
according to the first embodiment of the present in-
vention.

FIG. 11B is a view showing a relationship between
a storage volume change and a temperature change
of the refrigerator and a cooling operation decision



5 EP 2708 834 A1 6

according to the first embodiment of the present in-
vention.

FIG. 12 is a diagram schematically showing a tem-
perature behavior of a temperature sensor when a
storage object is input at a cold-compartment and
freezing-compartment simultaneous cooling time of
the refrigerator according to the first embodiment of
the present invention.

FIG. 13 is a diagram schematically showing a tem-
perature behavior of a temperature sensor when a
storage object is input at a freezing-compartment in-
dependent cooling time of the refrigerator according
to the first embodiment of the present invention.
FIG. 14 is a diagram schematically showing a tem-
perature behavior of a temperature sensor when a
storage object is input at a cooling-stop time of the
refrigerator according to the first embodiment of the
present invention.

FIG. 15 is an explanatory diagram of forecast of a
life pattern using a learning function of the refriger-
ator and a start-and-end timing of a power-saving
operation according to the first embodiment of the
present invention.

FIG. 16 is a flowchart showing a learning operation
control of the refrigerator according to the first em-
bodiment of the present invention.

FIG. 17 is a diagram for explaining a "bulk-buying
day" decision by the learning function of the refrig-
erator according to the first embodiment of the
present invention.

FIG. 18 is an explanatory diagram of forecast of a
life pattern using a separate learning function and a
start-and-end timing of a power-saving operation ac-
cording to the first embodiment of the presentinven-
tion.

FIG. 19 is a flowchart showing a learning operation
control in a separate mode according to the first em-
bodiment of the present invention.

FIG. 20 is an explanatory diagram of a storage-vol-
ume detecting operation according to a third embod-
iment of the present invention.

FIG. 21 is an explanatory diagram of a storage-vol-
ume detecting operation according to the third em-
bodiment of the present invention.

FIG. 22 is an explanatory diagram of a storage-vol-
ume detecting operation according to a fourth em-
bodiment of the present invention.

FIG. 23 is a front view of a refrigerator according to
a fifth embodiment of the present invention.

FIG. 24 is a front view of a refrigerator according to
a sixth embodiment of the present invention.

FIG. 25 is a cross-sectional view along a 25-25 line
in FIG. 24 of the refrigerator according to the sixth
embodiment of the present invention.

FIG. 26 is an explanatory diagram of a light-volume
detecting operation according to the sixth embodi-
ment of the present invention.

FIG. 27 is a control block diagram of the refrigerator
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according to the sixth embodiment of the present
invention.

FIG. 28A is a control flowchart at a power source
input time of the refrigerator according to the sixth
embodiment of the present invention.

FIG. 28B is a control flowchart of absence detection
A of the refrigerator according to the sixth embodi-
ment of the present invention.

FIG. 28C is a control flowchart of a using-state de-
cision A of the refrigerator according to the sixth em-
bodiment of the present invention.

FIG. 28D is a control flowchart of absence detection
B of the refrigerator according to the sixth embodi-
ment of the present invention.

FIG. 28E is a control flowchart of a using-state de-
cision B of the refrigerator according to the sixth em-
bodiment of the present invention.

FIG. 28F is a control flowchart of a using-state deci-
sion C of the refrigerator according to the sixth em-
bodiment of the present invention.

FIG. 28G is a control flowchart of another example
of absence detection B of the refrigerator according
to the sixth embodiment of the present invention.
FIG. 28H is a control flowchart of a using-state de-
cision D of the refrigerator according to the sixth em-
bodiment of the present invention.

FIG. 29A is an operation image diagram of a basic
defrost timing of the refrigerator according to the
sixth embodiment of the present invention.

FIG. 29B is an operation image diagram of a defrost
timing of the refrigerator when the user returns home
according to the sixth embodiment of the present
invention.

FIG. 29C is an operation image diagram when there
is a time safe in a defrost time of the refrigerator
according to the sixth embodiment of the present
invention.

FIG. 29D is an operation image diagram when the
user is absent during defrosting in the refrigerator
according to the sixth embodiment of the present
invention.

FIG. 30 is an operation image diagram of a defrost
timing according to the seventh embodiment of the
present invention.

FIG.31Ais a control flowchart according to a seventh
embodiment of the present invention.

FIG. 31B is a control flowchart according to the sev-
enth embodiment of the present invention.

FIG. 32A is a control flowchart according to an eighth
embodiment of the present invention.

FIG. 32Bis a control flowchart according to the eighth
embodiment of the present invention.

FIG. 33A is a control flowchart according to a ninth
embodiment of the present invention.

FIG. 33B is a control flowchart according to the ninth
embodiment of the present invention.

FIG. 34 is a main-part front view of the conventional
refrigerator.
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FIG. 35 is a view schematically showing behaviors
of configuration parts such as temperature sensors
of the conventional refrigerator.

DESCRIPTION OF EMBODIMENTS

[0020] Embodiments of the present invention are de-
scribed below with reference to the drawings. The
present invention is not limited by these embodiments.

FIRST EXEMPLARY EMBODIMENT

[0021] Hereinafter, a first embodiment of the present
invention is described.

[0022] FIG. 1isafrontview of refrigerator 50 according
to the first embodiment of the present invention.

[0023] As shown in FIG. 1, refrigerator 50 includes re-
frigerator main body 11. Refrigerator main body 11 is a
heat-insulation box body, and is insulated from the sur-
rounding, in a structure having an outer box mainly made
of steel plate, an inner box formed with a resin such as
ABS, and a heat insulation material such as urethane in
a space between the outer box and the inner box.
[0024] Refrigerator main body 11 is partitioned into a
plurality of store rooms (storage chambers) by heat in-
sulation. At a top part, cold compartment 12 is provided.
At a lower part of cold compartment 12, ice compartment
13 and change compartment 14 are laterally provided.
Freezing compartment 15 is arranged at a lower part of
ice compartment 13 and change compartment 14, and
vegetable compartment 16 is arranged at a lowest part.
[0025] Infrontofeach storage chamber, a door for sep-
arating from outside air is configured at a front opening
part of refrigerator main body 11. Near a center part of
cold compartment door 12a of cold compartment 12,
there are arranged operating unit 17 for performing an
in-refrigerator temperature setting of each compartment
and setting of ice making and a rapid cooling, and display
unit 91 as an example of informing means for providing
various information to the user.

[0026] FIG. 2is a cross-sectional view along a 2-2 line
in FIG. 1 of refrigerator 50 according to the first embod-
iment of the present invention.

[0027] AsshowninFIG.2,a plurality ofstorage shelves
18 are provided in cold compartment 12, and a part of
storage shelves 18 is configured to be vertically movable.
[0028] Incold compartment 12, thereis provided a stor-
age-state detecting unit configured by illuminating unit
19 configured by a lamp and a plurality of LEDs, light
emitting unit 20 such as LEDs, and light-volume detecting
unit 21 such as an illuminance (light) sensor.

[0029] llluminating unit 19 is arranged in a longitudinal
direction on each of a left-side wall surface and a right-
side wall surface positioned in front of a front end (this
side) of storage shelf 18, nearer than a half of a depth
dimension in the refrigerator, viewed from door-open-
side front surface in refrigerator 50. Further, light emitting
unit 20 is arranged adjacent to a position close to illumi-
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nating unit 19, and light-volume detecting unit 21 is ar-
ranged at a rear position in cold compartment 12.
[0030] Further, the arrangement of light-volume de-
tecting unit 21 is not limited to the above example, and
light-volume detecting unit 21 may be arranged at any
positionin the refrigerator so far as light-volume detecting
unit 21 is arranged at a position where the light irradiated
by light emitting unit 20 can be received via storage object
33 (see FIG. 4) and an in-refrigerator structure.

[0031] In a machine room formed in a top rear area in
cold compartment 12, high-voltage side configuration
parts of a freezing cycle such as compressor 30 and a
drier that removes moisture are stored.

[0032] On arear surface of freezing compartment 15,
a cooling chamber for generating cold air is provided. In
the cooling chamber, there are provided a cooler, and
cooling fan 31 (see FIG. 3) for sending the cold air as
cooling means cooled by the cooler to cold compartment
12, change compartment 14, ice compartment 13, veg-
etable compartment 16, and freezing compartment 15.
Further, to remove frost and ice adhered to the cooler
and a periphery of the cooler, a radiant heater (defrosting
unit 68 (see FIG. 3)), adrain pan, adrain tube evaporation
tray, and the like are configured.

[0033] Cold compartment 12 is temperature-controlled
normally at 1°C to 5°C as a lower limit at which the storage
object is not frozen, to perform refrigerated preservation.
Vegetable compartment 16 at a lowest part is tempera-
ture-controlled at 2°C to 7°C which is equal to or slightly
higher than the temperature in cold compartment 12.
[0034] Freezing compartment 15 is set in a freezing
temperature range, and is temperature-controlled nor-
mally at -22°C to -15°C for freezed preservation. How-
ever, to improve a freezed preservation state, freezing
compartment 15is sometimes setto be temperature-con-
trolled at a low temperature of -30°C or -25°C, for exam-
ple.

[0035] Ice compartment 13 makes ice with an auto-
matic ice machine (not shown) set at an upper partin the
compartment using water sent from a water storage tank
(notshown), and stores the ice in an ice storage container
(notshown) arranged at a lower part in the compartment.
[0036] Change compartment 14 can be changed over
to a temperature range set in advance between a cold
preservation temperature range and a freezing temper-
ature range, in addition to a cold preservation tempera-
ture range set at 1°C to 5°C, a vegetable temperature
range setat2°C to 7°C, and a freezing temperature range
normally set at -22°C to -15°C. Change compartment 14
is a storage chamber including an independent door pro-
vided in parallel with ice compartment 13, and includes
a drawer-type door in many cases.

[0037] In the present embodiment, change compart-
ment 14 is a storage chamber capable of adjusting a
temperature at temperatures including temperature
ranges of cold storage and freezing. However, change
compartment 14 may be configured as a storage cham-
ber specializing in a changeover in an intermediate tem-
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perature range between cold storage and freezing, by
assigning a cold storage function to storage chamber 12
and vegetable compartment 16 and assigning a freezing
function to freezing compartment 15. The specialized
temperature range may be setin a storage chamber fixed
to freezing, to follow an increased demand for frozen
foods in recent years, for example.

[0038] An operation and work of refrigerator 50 config-
ured as described above are described.

[0039] FIG. 3 is a control block diagram of refrigerator
50 according to the first embodiment of the present in-
vention.

[0040] As shown in FIG. 3, refrigerator 50 includes
light-volume detecting unit 21, temperature sensor 61,
door-open-close detecting unit 62, arithmetic control unit
22, light emitting unit 20, compressor 30, cooling fan 31,
temperature compensation heater 32, damper 67, de-
frosting unit 68, and display unit 91.

[0041] To measure an external environment, refriger-
ator 50 may further include outer-air temperature sensor
63 and out-refrigerator illuminance sensor 72.

[0042] Arithmetic control unit 22 has storage-volume
estimating unit 23, temperature-information deciding unit
70, door-open-close information deciding unit 71, com-
parison-information deciding unit 24, change-information
deciding unit 25, memory unit 64, operation-start decid-
ing unit 65, and operation-end deciding unit 66.

[0043] In refrigerator 50 according to the present em-
bodiment, when a door open-and-close operation is per-
formed, door-open-close detecting unit 62 detects an
open operation or a close operation, and inputs this signal
to arithmetic control unit 22 configured by a microcom-
puter or the like, and door-open-close information decid-
ing unit 71 decides a door open-and-close operation.
Whenitis decided thata dooris closed, arithmetic control
unit 22 sequentially operates light emitting unit 20 by a
program determined in advance.

[0044] Light-volume detecting unit 21 detects a light
volume of the vicinity, and inputs this information to arith-
metic control unit 22. Storage-volume estimating unit 23
obtains storage information of a storage volume and a
position of the storage object.

[0045] Upon obtaining the storage information, com-
parison-information deciding unit 24 compares storage
information before the opening of the door with storage
information after the closing of the door, for example, and
obtains comparison information as a result.

[0046] Next, change-information deciding unit25 com-
pares the comparison information with a predetermined
threshold value, and obtains storage information of a
storage volume and a position of the storage object.
[0047] Operation-start deciding unit 65 of arithmetic
control unit22 performs a start decision of a power-saving
operation and a rapid cooling operation based on the
obtained change information, determines operations of
compressor 30, cooling fan 31, temperature compensa-
tion heater 32, damper 67, defrosting unit 68, and display
unit 91 concerning the cooling operation, and starts op-
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eration. Operation-end deciding unit 66 of arithmetic con-
trol unit 22 performs an end decision of a power-saving
operation and the rapid cooling operation, and ends the
operations of the above-described configuration ele-
ments.

[0048] Operations of light emitting unit 20 and light-
volume detecting unit 21 that constitute the storage-state
detecting means are described in detail.

[0049] FIG. 4 is an explanatory view of a storage-state
detecting operation of refrigerator 50 according to the
first embodiment of the present invention.

[0050] Irradiation lights 34a output from light emitting
units 20 arranged on left-and-right both sidewalls of re-
frigerator 50 irradiate inside cold compartment 12 and
storage object 33 stored inside cold compartment 12.
Further, a part of irradiation lights 34a is incident to light-
volume detecting unit 21 arranged in cold compartment
12. FIG. 4 shows a state that when storage object 33 is
stored in cold compartment 12, depending on presence
of storage object 33, there occur an area A where irradi-
ation lights 34a from both the left-and-right sidewalls are
shielded, an area B where any one of irradiation lights
34a is shielded, and an area C where none of left and
right irradiation lights 34a is shielded.

[0051] In this case, light-volume detecting unit 21 is in
the area B where any one of irradiation lights 34a is
shielded, and detects and outputs a corresponding light
volume. When a volume of storage object 33 is large, a
detected light volume by light-volume detecting unit 21
decreases because the area A where both lights are
shielded increases.

[0052] When astorage volumeissmall, adetected light
volume by light-volume detecting unit 21 increases be-
cause the area C where none of irradiation lights 34a is
shielded increases.

[0053] Inthis way, by detecting by light-volume detect-
ing unit 21 a light volume change attributable to presence
of storage object 33 and a difference in a volume of stor-
age object 33, volumes (example: large or small) of stor-
age object 33 in the refrigerator can be classified by de-
ciding a detection resultby using a predetermined thresh-
old value set in advance.

[0054] Further, by using light emitting unit 20 also as
illuminating unit 19 provided in refrigerator 50 or by using
a substrate of light emitting unit 20 also as a substrate
of illuminating unit 19, a storage state can be detected
in a simpler configuration without additionally providing
a light source and a material.

[0055] Next, an operation of a temperature control of
a storage chamber of refrigerator 50 is described.
[0056] FIGS. 5A and 5B are diagrams showing an op-
eration of refrigerator 50, and showing a temperature
changerelative to time, according to the firstembodiment
of the present invention.

[0057] FIG. 5A shows a temperature change in refrig-
erator 50 when an increase volume of a storage volume
is larger than a standard, and FIG. 5B shows a temper-
ature change of refrigerator 50 when an increase volume
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of a storage volume is smaller than a standard. Solid
lines indicate a temperature of storage object 33 in the
refrigerator and a representative temperature in the stor-
age chamber according to the present embodiment. Bro-
ken lines indicate a temperature of storage object 33 and
time dependence of a representative temperature of a
storage chamber when a control of a conventional refrig-
erator is performed.

[0058] A set temperature Ko is a preset preservation
temperature of storage object 33. When an increase vol-
ume of a storage volume is larger and smaller than a
standard, arithmetic control unit 22 changes over an op-
eration state of refrigerator 50 based on a decision result
of a storage volume by storage-volume estimating unit
23. To simplify the description, it is assumed that a kind
of each storage object 33 is the same. A decision stand-
ard of "large, standard, small" of an increase volume of
a storage volume is different depending on a size, a con-
figuration, and a control system of a refrigerator. There-
fore, the decision standard is not limited to the example
described in the present specification.

[0059] InFIG. 5A, itis assumed that the door of refrig-
erator 50 is opened to preserve storage object 33 in the
storage chamber, and the door is closed after inputting
storage object 33 such as a food. Accordingly, when more
storage object 33 of the same kind than a standard is
stored, a detected light volume by light-volume detecting
unit 21 becomes smaller than that when a volume of stor-
age object 33 is the standard. Based on a decrease level
of this detected light volume, change-information decid-
ing unit 25 decides that an increase volume of a storage
volume in the refrigerator is large. In this case, as shown
in FIG. 5A, according to a conventional cooling operation
(broken lines), a heat capacity held by the storage object
is large. Further, according to conventional temperature
detecting means, atime delay and the like occur. Accord-
ingly, a cooling volume cannot be rapidly increased.
Therefore, a temperature increases to some extent, and
thereafter, a cooling volume increases, and cooling oc-
curs, and the temperature approaches the set tempera-
ture Ko. However, because the cooling volumeisincreas-
ing, a certain level of an excessive cooling state occurs,
and is stabilized thereafter at Ko.

[0060] On the other hand, refrigerator 50 according to
the present embodiment can rapidly detect an input vol-
ume of food at a door closing time. Therefore, when an
increase of a certain constant storage volume or more is
detected, for example, a cooling volume can be rapidly
increased to suppress the increase in the in-refrigerator
temperature and input storage object 33 can be quickly
cooled. Further, to prevent excessive cooling, a cooling
volume can be decreased when a temperature reaches
a vicinity of the set temperature. Accordingly, power sav-
ing can be achieved by preventing an excessive cooling
state.

[0061] When an increase volume of a storage volume
is smaller than a standard, a detected light volume by
light-volume detecting unit 21 becomes larger than that
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when the increase volume of a storage volume is the
standard. Based on anincrease level of the detected light
volume, change-information deciding unit 25 decides
that the increase volume of a storage volume in the re-
frigerator is small.

[0062] In this case, as shown in FIG. 5B, according to
the conventional cooling operation (broken lines), time
taken by storage object 33 to reach a set temperature is
fast, and power is sometimes consumed more than is
necessary, resulting in a cooling operation. Further, an
excessive cooling state sometime occurs due to an in-
crease of a cooling volume by a door opening-and-clos-
ing signal and the like.

[0063] Accordingly, arithmetic control unit 22 sup-
presses a rotation number of compressor 30 or decreas-
es a circulation volume of cold air, and automatically
changes over to a power-saving operation so that a tem-
perature reaches a set temperature within a prescribed
time. By this operation, an energy-saving effect can be
obtained by mitigating a temperature behavior in the re-
frigerator, and noise reduction can be also performed by
suppressing a rotation speed of cooling fan 31.

[0064] Next, a storage-volume detection control using
light emitting unit 20 and light-volume detecting unit 21
is described.

[0065] FIG. 6is a flowchart showing a storage-volume
detection control of refrigerator 50 according to the first
embodiment of the present invention.

[0066] InFIG.6,whenarithmetic controlunit22 detects
a door open-and-close operation (S101) from the normal
main control (S100), arithmetic control unit 22 confirms
that the door is in a closed state (S102), and starts the
storage-volume detection control (S103) when the door
is in the closed state.

[0067] Inthe storage-volume detection control (S103),
a plurality of light emitting units 20 are sequentially lit
(S104). Each time, light-volume detecting unit 21 detects
and outputs a light volume and illuminance to arithmetic
control unit 22 (S105).

[0068] Then, storage-volume estimating unit 23 ob-
tains storage information about a storage chamber
(S106). Then, comparison-information deciding unit 24
compares storage information before the opening of the
door with storage information after the closing of the door,
storage information between before and after the open-
ing and closing of the door at a past plurality of times, or
storage information between before and after a constant
time, and obtains comparison information (S107).
[0069] Then, change-information deciding unit 25 ob-
tains change information about a storage state based on
the storage information obtained in step S106 and the
comparison information obtained in step S107 (S108).
The obtained change information about the storage state
is memorized in memory unit 64 (S109), and a database
of a certain period is built up.

[0070] Arithmetic control unit 22 performs a decision
control of the cooling operation, based on this database
(S110).
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[0071] A detailed example of performing the cooling-
operation control based on the above-described storage-
volume detection control is described with reference to
FIG. 7 to FIG. 9.

[0072] FIG. 7 is a flowchart showing a cooling-opera-
tion decision control using the storage-volume detection
control of refrigerator 50 according to the first embodi-
ment of the present invention. In the example in FIG. 7,
arelative evaluation of a storage volume of storage object
33 is performed.

[0073] InFIG. 7, during the main control (S110), when
a door open-and-close operation is detected (S111), the
storage detection control (S112) is started.

[0074] Specifically, as shown in steps S104 to S109 in
FIG. 6, change information about a storage state is ob-
tained based on storage information and comparison in-
formation.

[0075] Arithmetic control unit 22 performs a threshold-
value decision to storage-change volume data A ob-
tained from the change information (S113). When it is
decided that the storage-change volume data A exceeds
a standard storage-change volume B set in advance
(8114, YES), operation-start deciding unit 65 performs
a rapid cooling operation (S116). In a rapid cooling op-
eration, various operations are performed; a cooling-me-
dium circulation volume is increased by increasing a ro-
tation number of compressor 30 so that a cooling volume
is increased, an air volume is increased by increasing a
rotation number of cooling fan 31, and an aperture of
cold-compartment damper 67a is increased.

[0076] On the other hand, when it is decided that the
storage-change volume data A is equal to or smaller than
the standard storage-change volume B set in advance
(S114, NO), arithmetic control unit 22 decides whether
the storage-change volume data A is smaller than a
standard storage-change volume C set in advance (C <
B). When the storage-change volume data A is smaller
than the standard storage-change volume C set in ad-
vance (S115, YES), operation-start deciding unit 65 per-
forms a power-saving operation (S117). In the power-
saving operation, various operations are performed; a
cooling-medium circulation volume is decreased by de-
creasing a rotation number of compressor 30 so that a
cooling volume is decreased, an air volume is decreased
by decreasing a rotation number of cooling fan 31, and
an aperture of cold-compartment damper 67a is de-
creased. Inother cases (S115,NO), the normal operation
is continued (S118).

[0077] When the process proceeds to step S117 or
step S118, the process next proceeds to a temperature
detection control (S119). The standard storage-change
volume B and the standard storage-change volume C
satisfy a relationship of (C < B).

[0078] Further, for the storage-change volume data A
obtained from the change information of the storage vol-
ume, there can be used an absolute change volume, a
relative change volume, a change rate, or a change pat-
tern, relevant to attenuation of illuminance by light-vol-
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ume detecting unit 21 from before the opening of the door
to after the closing of the door. In the case of performing
a decision based on the change pattern, by classifying a
storage volume into a plurality of levels such as "large,
medium, and small", for example, and by deciding that
a storage volume change from before the door opening
to after the door closing is "small—large" or "small-me-
dium", arithmetic control unit 22 can adjust a cooling vol-
ume by matching this storage change pattern.

[0079] Intheabove-described example, refrigerator 50
includes cold compartment 12 as a storage chamber for
storing storage object 33, partitioned by a heat insulation
wall and a heat insulation door. Further, refrigerator 50
includes storage-volume estimating unit 23 for estimating
a storage volume in the storage chamber, and memory
unit 64 for memorizing a result of estimation by storage-
volume estimating unit 23. Refrigerator 50 further in-
cludes arithmetic control unit 22 for calculating a storage
change volume based on a result of estimation of a stor-
age volume up to the last time memorized in memory
unit 64 and a result of estimation by storage-volume es-
timating unit 23, and for controlling an output operation
of the electrofunctional part. Arithmetic control unit 22
compares a predetermined threshold value with a stor-
age change volume, decides that the storage volume
changed when the storage change volume exceeds the
threshold value, and controls the output operation of the
electrofunctional part.

[0080] Inthis example, when a storage change volume
(relative value) exceeds a threshold value, an output con-
trol is performed by deciding that the storage volume
changed. Accordingly, an energy-saving characteristic
at an actual using time can be enhanced by increasing
an energy-saving-conscious operation rate. By using the
threshold value, chattering in the output operation of the
electrofunctional partand a trip phenomenon of compres-
sor 30 can be prevented. Further, by comparing the pre-
determined threshold value with a storage change vol-
ume, it is determined that the storage volume changed
when the storage change volume exceeds the threshold
value. With this operation, a particular variation that stor-
age-volume estimating unit 23 potentially has can be ab-
sorbed, and an output side can be properly controlled.
[0081] When the storage change volume does not ex-
ceed the threshold value, arithmetic control unit 22 may
be configured not to change the output operation of the
electrofunctional part. According to this configuration,
when a storage change volume does not exceed the
threshold value, it is determined that there is no change
in the storage volume. By maintaining a storage volume
memorized in memory unit 64 which is before storage-
volume estimating unit 23 obtains an estimation result,
a small change (small-lot storage) can be properly man-
aged.

[0082] Further, the electrofunctional part can include
at least one of cooling fan 31, damper 67, and compres-
sor 30for changing a cooling volume in the storage cham-
ber. With this configuration, an energy-saving character-
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istic at an actual using time can be improved by improving
an energy-saving-conscious operation rate.

[0083] FIG. 8 is a flowchart showing another example
of the cooling-operation decision control using the stor-
age-volume detection control of refrigerator 50 according
to the first embodiment of the present invention.

[0084] Inthe example of FIG. 8, an absolute evaluation
of a storage volume of storage object 33 is performed.
[0085] InFIG.8,inperforming the main control (S120),
when a door open-and-close operation is detected
(S121), a storage-volume detection control (S122) starts.
In the storage-volume detection control, storage-volume
estimating unit 23 obtains storage information. In this ex-
ample, comparison information and change information
are not calculated. Therefore, in this example, compari-
son-information deciding unit 24 and change-information
deciding unit 25 are not necessarily required.

[0086] Next, arithmetic control unit 22 performs a
threshold-value decision to storage volume data G ob-
tained from the storage information (S123). When it is
decided that the storage volume data G is larger than a
standard storage volume H set in advance (S124, YES),
operation-start deciding unit 65 performs a rapid cooling
operation (S126).

[0087] On the other hand, when the storage volume
data G is equal to or smaller than the standard storage
volume H set in advance (S124, NO), and also when the
storage volume data G is smaller than a standard storage
volume | setin advance (S125, YES), operation-start de-
ciding unit 65 performs a power-saving operation (S127).
In other cases (S125, NO), the normal operation is con-
tinued (S128). When the process proceeds to step S127
or step S128, the process proceeds to a temperature
detection control

[0088] (S129). The standard storage volume Hand the
standard storage volume | satisfy a relationship of | < H.
[0089] FIG.9is aflowchart showing still other example
of a cooling-operation decision control using a storage-
volume detection control of refrigerator 50 according to
the first embodiment of the present invention.

[0090] FIG. 9also shows an example of performing an
absolute evaluation of a storage volume of storage object
33.

[0091] InFIG. 9, during the main control (S130), when
a door open-and-close operation is detected (S131),
standard-storage volume data J is read from memory
unit 64 (S132).

[0092] Atthis time, itis assumed that data of a storage
volume of a certain constant period (for example, three
weeks) is being memorized in memory unit 64. This data
of the storage volume is calculated, and the standard-
storage volume data J is calculated.

[0093] Next, a storage-volume detection control is
started (S133) and storage information is decided. Then,
a threshold-value decision is performed to storage-vol-
ume data K obtained from the storage information
(S134). When the storage-volume data K is larger than
a value obtained by multiplying a determined coefficient
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a (1.15, for example) to the standard-storage volume da-
ta J (S135, YES), operation-start deciding unit 65 per-
forms a rapid cooling operation (S137). On the other
hand, when the storage-volume data K is equal to or
smaller than a value obtained by multiplying the deter-
mined coefficient a (1.15, for example) to the standard-
storage volume data J (S135, NO), and also when stor-
age-change volume data K is smaller than a value ob-
tained by multiplying a determined coefficient 3 (1.05, for
example) to the standard-storage volume data J (S136,
YES), operation-start deciding unit 65 performs a power-
saving operation (S138). In other cases (S136, NO), the
normal operation is continued (S139). When the process
proceeds to step S138 or step S139, the process pro-
ceeds to a temperature detection control (S140).
[0094] The coefficient o and the coefficient j satisfy a
relationship of f < a.

[0095] In the above example, refrigerator 50 includes
a storage chamber for storing a storage object, parti-
tioned by a heatinsulation wall and a heat insulation door,
and storage-volume estimating unit 23 for estimating a
storage volume in the storage chamber based on a stand-
ard value held in advance. Further, refrigerator 50 in-
cludes arithmetic control unit 22 for calculating a storage
volume in the storage chamber, and controlling an output
operation of the electrofunctional part, based on a result
of estimation by storage-volume estimating unit 23. Fur-
ther, arithmetic control unit 22 controls an output opera-
tion of the electrofunctional part based on a predeter-
mined threshold value and a storage volume.

[0096] With this configuration, itis possible to use only
a portion suitable for estimating a storage volume for cal-
culation, and an output operation can be optimized. Fur-
ther, because an absolute volume can be output, it is not
necessary to consider a variation in time series, or a var-
iation generated by relative comparison.

[0097] Itis also possible to configure such that an out-
put operation of the electrofunctional part is controlled,
by holding a plurality of threshold values, and by deciding
a storage volume in the storage chamber in a plurality of
groups based on the threshold values.

[0098] With this configuration, based on a plurality of
threshold values, a storage volume in the storage cham-
ber can be output by deciding the storage volume in a
plurality of groups, control can be simplified, and easi-
ness of handling the display function and the like can be
improved.

[0099] Next, the temperature detection control in steps
S119, S129, S140 described with reference to FIG. 7 to
FIG. 9 are described.

[0100] FIG. 10is a flowchart showing a control of per-
forming a cooling operation decision after a temperature
detection control by refrigerator 50 according to the first
embodiment of the present invention.

[0101] InFIG. 10, after the temperature detection con-
trol is started, itis confirmed whether predetermined time
has passed (S141). When a predetermined time has not
passed, the passing of the time is awaited (S141, NO).
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[0102] When the predetermined time has passed
(8141, YES), atemperature in the refrigerator is detected
with temperature sensor 61 (see FIG. 3). Temperature-
information deciding unit 70 decides temperature infor-
mation (S143). The decided information is memorized in
memory unit 64, and a database of a certain constant
period is built up (S144).

[0103] Next, a threshold-value decision is performed
to the temperature information data D obtained from the
temperature information (S145). When the temperature
information data D is higher than a standard temperature
E set in advance (S146, YES), operation-start deciding
unit 65 performs a rapid cooling operation (S148). On
the other hand, when the temperature information data
D is equal to or lower than the standard temperature E
set in advance (S146, NO), and also when the temper-
ature information data D is lower than a standard tem-
perature F set in advance (S147, YES), operation-start
deciding unit 65 performs a power-saving operation
(S149). In other cases (S147, NO), the normal operation
is continued (S150). The standard temperature E and
the standard temperature F satisfy a relationship of E>F.
[0104] By the above operation, it is possible to realize
the automatic rapid cooling and the cooling operation of
automatic power saving corresponding to a food storage
volume change at a buying time and a using state of the
refrigerator.

[0105] Next, a cooling operation decision based on a
decision result of a storage volume change and a tem-
perature change is described.

[0106] FIGS. 11A and 11B are views showing relation-
ships between a storage volume change and a temper-
ature change of refrigerator 50 according to the first em-
bodiment of the present invention.

[0107] In FIGS. 11A and 11B, the normal operation is
performed between the standard storage-change vol-
ume B and the standard storage-change volume C, and
between the standard temperature E and the standard
temperature F, and therefore, these sections are not
shown.

[0108] AsshowninFIG. 11A,astorage volume change
from before the door opening to after the door closing is
detected and decided. When the obtained storage-
change volume data A is larger than the standard stor-
age-change volume B set in advance, for example, a
rapid cooling operation is performed.

[0109] On the other hand, when the obtained storage-
change volume data A is smaller than the standard stor-
age-change volume B set in advance and the standard
storage-change volume C set in advance, basically a
power-saving operation is performed.

[0110] AsshowninFIG. 11A, by detecting and decid-
ing the temperature information obtained by temperature
sensor 61, when the obtained temperature information
data D is larger than the standard temperature E set in
advance, for example a rapid cooling operation is per-
formed. On the other hand, when the obtained temper-
ature information data D is smaller than the standard tem-
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perature E set in advance and the standard temperature
F setin advance, a power-saving operation is performed.
[0111] The standard storage-change volume B, the
standard storage-change volume C, the standard tem-
perature E, and the standard temperature F may be set
by outside-air temperature or by storage volume. For ex-
ample, when an outside-air temperature is low, the in-
refrigerator temperature does not easily increase even
when there is door opening-and-closing or when a food
is input. Therefore, energy saving can be realized by fa-
cilitating a power-saving operation, by setting the stand-
ard temperature E or the standard temperature F high
and by setting the standard storage-change volume B or
the standard storage-change volume C large. On the oth-
er hand, when an outside-air temperature is high, the in-
refrigerator temperature becomes high when there is
door opening-and-closing or when a food is input. There-
fore, a high freshness preservation characteristic of stor-
age object can be realized by facilitating a rapid cooling
operation, by setting the standard temperature E or the
standard temperature F low and by setting the standard
storage-change volume B or the standard storage-
change volume C small.

[0112] Further, when a storage volume in refrigerator
50is large, the in-refrigerator temperature does not easily
increase because of a cold-storage effect of food even
when there is door opening-and-closing or when a food
is input. Therefore, energy saving can be realized by fa-
cilitating a power-saving operation, by setting the stand-
ard temperature E or the standard temperature F high
and by setting the standard storage-change volume B or
the standard storage-change volume C large. On the oth-
erhand, when a storage volume inrefrigerator 50 is small,
the in-refrigerator temperature becomes high when there
is door opening-and-closing or when a food is input.
Therefore, a high freshness preservation characteristic
of storage object can be realized by facilitating a rapid
cooling operation, by setting the standard temperature E
or the standard temperature F low and by setting the
standard storage-change volume B or the standard stor-
age-change volume C small.

[0113] Further, as shown in FIG. 11B, the setting of
the standard temperatures E, F or the standard storage-
change volumes B, C may be changed by matching a
storage change volume or a temperature increase in the
refrigerator.

[0114] For example, a rapid cooling operation is per-
formed when a storage volume is greatly increased due
to a bulk buying, or when a heated cooked food is stored
in the refrigerator which affects the temperature in refrig-
erator 50 although the increase in the storage volume is
small. Further, a rapid cooling operation is also per-
formed when a temperature in refrigerator 50 gradually
changes although the increase in the storage volume
from before the door opening to after the door closing is
small such as when food is stored in refrigerator 50 in a
divided small lot, or when the temperature in refrigerator
50 greatly changes because the door of refrigerator 50
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is kept opened for a long time in a half-opened state, for
example. With this operation, because storage object 33
is cooled to an optimum preservation temperature in a
short time, a high freshness preservation characteristic
of storage object 33 can be realized.

[0115] On the other hand, when only confirming a stor-
age objectinrefrigerator 50 orwhen a change in a storage
volume is small when taking out beverage and returning
it to the refrigerator and also when a temperature change
in the refrigerator is small, "too cold" can be prevented
by performing a power-saving operation, and an optimum
cooling operation can be realized by matching a life pat-
tern of each house.

[0116] In the above example, refrigerator 50 includes
a storage chamber for storing a storage object, parti-
tioned by a heatinsulation wall and a heat insulation door,
temperature sensor 61 as temperature detecting means
for detecting a temperature in the storage chamber, and
storage-volume estimating unit 23 for estimating a stor-
age volume in the storage chamber. Further, refrigerator
50 includes memory unit 64 for memorizing a result of
estimation by storage-volume estimating unit 23, a cool-
ing unit for cooling inside the storage chamber, and arith-
metic control unit 22 for controlling the cooling unit by
performing a calculation based on input data of temper-
ature sensor 61, storage-volume estimating unit 23, and
memory unit 64. At the time of normal operation, arith-
metic control unit 22 controls the output operation of the
cooling unit based on a temperature of temperature sen-
sor 61, and also controls the cooling unit by prioritizing
over a temperature change when it is decided that the
storage volume in the storage chamber changed.
[0117] Accordingly, as compared with a case of detect-
ing a storage volume change by using only a thermistor,
the storage volume change can be quickly detected in
real time, and a temperature increase of food can be
suppressed by a quick cooling-capacity control. Further,
overshoot (excessive cooling) at a time of load reduction
can be suppressed, and an energy-saving characteristic
can be improved.

[0118] A rapid cooling operation and a power-saving
operation are described in detail with reference to FIG.
12 to FIG. 14.

[0119] FIG. 12 is a diagram schematically showing a
temperature behavior of temperature sensor 61 when a
storage object is input at a time of simultaneous cooling
of cold-compartment and freezing-compartment of refrig-
erator 50 according to the first embodiment of the present
invention. FIG. 13 is a diagram schematically showing a
temperature behavior of temperature sensor 61 when a
storage object is input at a freezing-compartment inde-
pendent cooling time of refrigerator 50 according to the
embodiment. FIG. 14 is a diagram schematically showing
a temperature behavior of temperature sensor 61 when
a storage object is input at a cooling-stop time of refrig-
erator 50 according to the embodiment.

[0120] There are two methods for the rapid cooling op-
eration. One method is for increasing an air volume of
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the cold compartment, and the other method is for low-
ering a discharged-air temperature from the cold com-
partment. As concrete means for the former, a rotation
number of cooling fan 32 is increased, or an aperture of
damper 67 of cold compartment 12 is increased. With
this operation, the air volume of cold compartment 12 is
increased, and a rapid cooling operation is performed.
Accordingly, because a rotation number and the like of
cooling fan 31 can be optimized by matching a storage
state in each house, a power consumption volume can
be suppressed. On the other hand, as concrete means
for the latter, by increasing a rotation number of com-
pressor 30, a cooling-medium circulation volume is in-
creased to decrease a discharged-air temperature from
the cold compartment and a rapid cooling operation is
performed.

[0121] In the power-saving operation, a rotation
number of compressor 30 is lowered to decrease a cool-
ing-medium circulation volume and increase a dis-
charged-air temperature into the refrigerator. According-
ly, because arotation number and the like of compressor
30 can be optimized by matching a storage state in each
house, a power consumption can be suppressed.
[0122] As shown in FIG. 12, when a storage object is
input at the time of cold-compartment and freezing-com-
partment simultaneous cooling a, the conventional refrig-
erator (broken lines) generates a time difference from
when the storage object is input until temperature sensor
61 detects a temperature increase. After detecting the
temperature increase, a rotation number of compressor
30 is gradually increased. Therefore, it takes time to cool
the input storage object to a target temperature.

[0123] Further, there is also a problem of reduction in
freshness preservation characteristic of storage object,
because of an increase in the temperature of a cooler
due to return of a return air (warm air) from cold compart-
ment 12 to the cooler, and because of an increase in
freezing compartment 15 due to an increase in a dis-
charged-air temperature that is heat-exchanged by the
cooler.

[0124] Refrigerator 50 according to the present em-
bodiment calculates a storage-volume change volume
from before the door opening to after the door closing.
When a storage-volume increase volume is larger than
a predetermined threshold value, first, cooling-pattern
identification means of arithmetic control unit 22 identifies
that a cooling pattern at this time is the cold-compartment
and freezing-compartment simultaneous cooling a, and
immediately thereafter, refrigerator 50 increases the ro-
tation number of compressor 30. With this operation, a
cooling-medium circulation volume increases, a cooling
capacity increases, and a discharged-air temperature
from cold compartment 12 decreases immediately after
storage object 33 is input. Therefore, input storage object
33 can be cooled to an optimum preservation tempera-
ture in a shorter time than that in the conventional refrig-
erator.

[0125] Further, in refrigerator 50 having damper 67 of
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the freezing compartment, by calculating a storage-vol-
ume change volume from before the door opening to after
the door closing, when a storage-volume increase vol-
ume is larger than a predetermined threshold value, re-
frigerator 50 performs an operation of setting "open—
close" to damper 67 of the freezing compartment. With
this operation, flow of warm air from the cold compart-
ment to freezing compartment 15 due to the input of a
storage object can be prevented. Then, after a constant
time, refrigerator 50 performs an operation of setting
"close—open" to damper 67 of freezing compartment 15,
at the time point when a temperature detected by tem-
perature sensor 61 of cold compartment 12 becomes
equal to or lower than a certain predetermined temper-
ature or when a temperature detected by temperature
sensor 61 of freezing compartment 15 becomes equal
to or higher than a certain predetermined temperature.
[0126] AsshowninFIG. 13, when storage object 33 is
input during freezing-compartment independent cooling
b, the conventional refrigerator generates a time differ-
ence from when the storage object is input until temper-
ature sensor 61 detects a temperature increase. There-
fore, there is a case that a temperature detected by tem-
perature sensor 61 of freezing compartment 15 reaches
an OFF temperature of a predetermined value and com-
pressor 30 stops, until temperature sensor 61 of cold
compartment 12 detects a temperature increase. There-
after, at the time point when a temperature detected by
temperature sensor 61 of cold compartment 12 reaches
an open temperature, refrigerator 50 controls to set
"close—open" to damper 67 of cold compartment 12.
With this operation, because compressor 30 or cooling
fan 31 is driven and cools input storage object 33, it takes
time to cool input storage object 33 to a target tempera-
ture.

[0127] On the other hand, refrigerator 50 according to
the present embodiment calculates a storage-volume
change volume from before the door opening to after the
door closing. When a storage-volume increase volume
is larger than a predetermined threshold value, first, cool-
ing-pattern identification means of arithmetic control unit
22 identifies that a cooling pattern at this time is the freez-
ing-compartmentindependent cooling b, and immediate-
ly thereafter, refrigerator 50 controls to operate
"close—open" to damper 67 of cold compartment 12 and
increases the rotation number of compressor 30. With
this operation, because discharged air flows to cold com-
partment 12, input storage object 33 can be cooled to an
optimum preservation temperature in a shorter time than
that achieved by conventional refrigerator 50.

[0128] Further, in refrigerator 50 having damper 67 of
freezing compartment 15, a storage-volume change vol-
ume from before the door opening to after the door clos-
ing is calculated. When a storage-volume change volume
is larger than a predetermined threshold value, refriger-
ator 50 immediately operates to set "open—close" to
damper 67 of freezing compartment 15. With this oper-
ation, flow of warm air from cold compartment 12 into
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freezing compartment 15 due to the input of storage ob-
ject 33 can be prevented. Then, after a constant time, or
at the time point when a temperature detected by tem-
perature sensor 61 of cold compartment 12 becomes
equal to or lower than a certain predetermined temper-
ature or when a temperature detected by temperature
sensor 61 of freezing compartment 15 becomes equal
to or higher than a certain predetermined temperature,
refrigerator 50 operates to set "close—~open" to damper
67 of freezing compartment 15.

[0129] As showninFIG. 14, when storage object 33 is
input at a cooling-stop c time, in the conventional refrig-
erator, compressor 30 is not driven until a temperature
detected by temperature sensor 61 of freezing compart-
ment 15 reaches the ON temperature. Thereafter, at the
time point when a temperature detected by temperature
sensor 61 of cold compartment 12 reaches an open tem-
perature, refrigerator 50 controls to set "close—open" to
damper 67 of cold compartment 12, drives compressor
30 and cooling fan 31, and cools the input storage object.
Therefore, it takes time to cool storage object 33 to a
target temperature.

[0130] On the other hand, refrigerator 50 according to
the present embodiment calculates a storage-volume
change volume from before the door opening to after the
door closing. When a storage-volume increase volume
is larger than a predetermined threshold value, first, cool-
ing-pattern identification means of arithmetic control unit
22 identifies that a cooling pattern at this time is the cool-
ing-stop c. Thereafter, when compressor 30 is after hav-
ing stopped a constant time (ten minutes, for example),
refrigerator 50 drives compressor 30 in high rotation re-
gardless of a temperature detected by temperature sen-
sor 61, and operates to set "close—~open" to damper 67
of cold compartment 12. With this operation, because
cold compartment 12 can be quickly cooled while secur-
ing starting of compressor 30, input storage object 33
can be cooled to an optimum preservation temperature
in a shorter time than that achieved by the conventional
refrigerator.

[0131] Further, in refrigerator 50 having damper 67 of
freezing compartment 15, there is a case that during a
stop of compressor 30, cooling is performed by using
frost adhered to the cooler, by setting "open" to damper
67 of cold compartment 12 and setting "close" to damper
67 of freezing compartment 15. In this case, at the time
point of detecting a storage volume increase, only cold
compartment 12 is operated by starting while securing
starting of compressor 30, with damper 67 of freezing
compartment kept in a "close" state. With this operation,
input storage object 33 can be cooled to an optimum
preservation temperature in a shorter time than that of
the conventional refrigerator. However, at the time point
when a temperature detected by temperature sensor 61
of freezing compartment 15 becomes equal to or higher
than a certain predetermined temperature, refrigerator
50 operates to set"close—open"to damper 67 of freezing
compartment 15.
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[0132] Further, in refrigerator 50 having damper 67 of
freezing compartment 15, when a storage object is input
at a cold-compartment independent cooling d time, re-
frigerator 50 calculates a storage-volume change volume
from before the door opening to after the door closing.
When a storage-volume increase volume is larger than
a predetermined threshold value, first, cooling-pattern
identification means of arithmetic control unit 22 identifies
that a cooling pattern at this time is the cold-compartment
independent cooling d. Thereafter, a rotation number of
compressor 30 isimmediately increased in a similar man-
ner to that of the cold-compartment and freezing-com-
partment simultaneous cooling a time. With this opera-
tion, because a discharged-air temperature from cold
compartment 12 decreases, input storage object 33 can
be cooled to an optimum preservation temperature in a
shorter time than that of the conventional refrigerator.
Then, after a constant time, or at the time point when a
temperature detected by temperature sensor 61 of cold
compartment 12 becomes equal to or lower than a certain
predetermined temperature or when a temperature de-
tected by temperature sensor 61 of freezing compart-
ment 15 becomes equal to or higher than a certain pre-
determined temperature, refrigerator 50 controls to set
"close—open" to damper 67 of freezing compartment 15.
[0133] The above-described rapid cooling operation is
canceled by operation-end deciding unit 66, and the nor-
mal operation or the cooling operation of automatic power
saving is started, after compressor 30 stops after a lapse
of a constant time or at the time point when a temperature
detected by temperature sensor 61 of cold compartment
12 becomes equal to or lower than a certain predeter-
mined temperature.

[0134] By the above operation, optimum automatic
rapid cooling and a cooling operation of automatic power
saving can be realized by matching the cooling pattern
of refrigerator 50.

[0135] Regarding the automatic rapid cooling and the
cooling operation of automatic power saving in refriger-
ator 50 according to the present embodiment, a function
by the intention of the user such as a change of the in-
refrigerator temperature setting and a rapid freeze func-
tion, for example, can be also prioritized.

[0136] Forecastof alife pattern by the learning function
and a start-and-end timing of a power-saving operation
according to the present embodiment are described.
[0137] FIG. 15 is an explanatory diagram of forecast
of a life pattern using a learning function of refrigerator
50 and a start-and-end timing of a power-saving opera-
tion according to the first embodiment of the present in-
vention.

[0138] The learning function according to the present
embodiment is that arithmetic control unit 22 decides
presence of a life style of a constant pattern, based on
obtained temperature information, door opening-and-
closing information, storage information, or change infor-
mation of a storage state that are accumulated by mem-
ory unit 64 during a constant period (three weeks, for
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example). By the forecast based on a learning result,
start and end timings of a power-saving operation are
determined, and a power-saving operation for automat-
ically controlling the operations of compressor 30, cooling
fan 31, temperature compensation heater 32, damper
67, defrosting unit 68, and display unit 91 as electronic
load parts are performed.

[0139] In general, on holidays, the door is opened and
closed frequently, and a heat load in refrigerator 50 is
large. On weekdays, during a working time, particularly
in a household in which both husband and wife work,
there is no door opening-and-closing in the daytime, and
a heat load in refrigerator 50 is small.

[0140] In the example shown in FIG. 15, one hour is
considered as one section, 24 sections correspond to
one day, and 168 sections correspond to one week (sev-
en days).

[0141] During one section, time during which an in-re-
frigerator temperature that is equal to or higher than the
standard temperature E continued for a constant time,
and time during which a storage-volume increase is equal
to or larger than the standard storage-change volume B
are memorized. Then, alearning result one week before,
two weeks before, and three weeks before a measuring
day is extracted. When two thirds or more of three weeks
is a time zone in which the in-refrigerator temperature
that is equal to or higher than the standard temperature
E continues for a constant time, or when two thirds or
more of three weeks is a time zone in which a storage-
volume increase that is equal to or larger than the stand-
ard storage-change volume B is detected, this time zone
is decided as "heat-load large time" and is learned as
such. Further, in addition to the in-refrigerator tempera-
ture and the storage-volume increase, a number of door
open-close times may be learned. In this case, from the
learning result, when two thirds or more of three weeks
is time when a total number of times of opening-and-
closing the doors of cold compartment 12 and freezing
compartment 15 is equal to or larger than a constant
number of times (five or more times, for example) during
one section, this time zone can be decided as "heat-load
large time" and can be learned as such.

[0142] Further, a temperature difference between
freezing compartment 15 and an outside of the refriger-
ator is larger than a temperature difference between cold
compartment 12 and the outside of the refrigerator, and
the in-refrigerator temperature easily increases by door
opening-and-closing. Therefore, when two thirds or more
of three weeks is time when a total number of times of
opening-and-closing the door of freezing compartment
15 is equal to or larger than a constant number of times
(two or more times, for example) during one section, this
time zone may be decided as "heat-load large time".
[0143] Inageneral house,in many cases, the user has
life of a certain constant pattern in a day. Further, life of
a certain constant life pattern is held in many cases in
the same day of the week, with one week as a unit. It is
very effective to perform a cooling operation of refriger-
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ator 50 by considering these factors, and this leads to
power saving. It is desirable to update data rewriting in
a unit of one section (unit time: 60 minutes, for example).
However, the updating may be in a day unit or a week unit.
[0144] Then, from a forecast result of a user’s life pat-
tern, a start-and-end timing of a power-saving operation
is determined. A power-saving operation is performed in
time other than a time zone that is decided as "heat-load
large time" by a learning result, and the power-saving
operation is shifted to the normal operation at the time
point when the "heat-load large time" has come.

[0145] However, as a shift time from the power-saving
operation to the normal operation, actually, the power-
saving operation ends and is changed over to the normal
operation predetermined time (one hour, for example)
before start of the "heat-load large time". This is because,
in the "heat-load large time", atemperature in refrigerator
50is assumed to become high due to frequent door open-
ing-and-closing and for preservation of a warm cooked
product in a time zone of cooking, for example. Thereaf-
ter, at the time point of the end of the "heat-load large
time", the power-saving operation is started again when
the in-refrigerator temperature is equal to or lower than
the standard temperature E.

[0146] Next, a control flow diagram of a learning oper-
ation control is described.

[0147] FIG. 16 is a flowchart showing a learning oper-
ation control of refrigerator 50 according to the first em-
bodiment of the present invention.

[0148] In FIG. 16, after the learning operation control
has started, itis confirmed that the operation is the normal
operation (S151). Next, it is decided whether it is an end
time of the "heat-load large time" decided by the learning
result (S152).

[0149] Whenitisdecided thatitis the end time of "heat-
load large time" (S152, YES), it is decided whether a
current temperature in refrigerator 50 is equal to or lower
than the standard temperature E (S153).

[0150] When itis decided in step S153 that the in-re-
frigerator temperature is equal to or lower than the stand-
ard temperature E, the normal operation is changed over
to a power-saving operation (S154). On the other hand
when itis decided in step S152 that it is not the end time
of"heat-loadlarge time" (S152, NO), or whenitis decided
in step S153 that the in-refrigerator temperature exceeds
the standard temperature E (S153, NO), the normal op-
eration is continued (S151).

[0151] Then, it is confirmed that the operation is the
power-saving operation (S154), and itis decided whether
it is predetermined time before start of the "heat-load
large time" (S155). When it is decided that it is predeter-
mined time before start of the "heat-load large time"
(8155, YES), the power-saving operation is changed
over to the normal operation (S151). On the other hand,
whenitis decided in step S155 thatitis not predetermined
time before start of the "heat-load large time" (S155, NO),
the power-saving operation is continued (S154).

[0152] By the above operation, it is possible to virtually
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detect a day of the week, by patterning and learning a
food storage volume change at a buying time, and a stor-
age state and a using environment in each house, and
by separating the data for every seven days, for example.
With the above operation, by performing the normal op-
eration in only a day of the week and time in which a heat
load of refrigerator 50 is assumed to be large, "too cold"
can be prevented by suppressing a rotation number of
compressor 30 and cooling fan 31 in a day of the week
andtime in which a heatload ofrefrigerator 50 is assumed
to be small. In this way, energy saving can be automat-
ically realized by matching a life pattern of each house.
[0153] Next, another example of forecast of a life pat-
tern by the learning function and a start-and-end timing
of the power-saving operation is described.

[0154] FIG. 17 is a diagram for explaining a "bulk-buy-
ing day" decision by the learning function of refrigerator
50 according to the first embodiment of the present in-
vention. FIG. 18 is an explanatory diagram of forecast of
a life pattern using a separate learning function and a
start-and-end timing of the power-saving operation ac-
cording to the first embodiment of the present invention.
[0155] In the example shown in FIG. 17, a day when
there is a storage-volume increase equal to or larger than
the standard storage change volume B is decided for
each day.

[0156] Based on bulk-buying tendency that increases
in recent years, a number of times of buying is assumed
as twice a week, forexample. In this case, as an example,
astorage volume increases once on a weekday and once
on a holiday. On other days, a storage volume in cold
compartment 12 shifts in a reduction direction to some
extent, because a storage object is used for cooking and
the like.

[0157] On a bulk-buying day, the in-refrigerator tem-
perature is estimated to increase due to a storage-vol-
umeincrease in cold compartment 12. Therefore, by fore-
casting and learning a "bulk-buying day", input storage
object 33 can be cooled to an optimum preservation tem-
perature in a short time by increasing a cooling volume
on the day that is forecasted as the "bulk-buying day".
Consequently, a high freshness preservation character-
istic of storage object 33 can be realized.

[0158] On a day that is forecasted as other than the
"bulk-buying day", the power-saving operation is per-
formed by decreasing the cooling volume. With this op-
eration, a cooling volume can be adjusted by matching
a storage state and a using state. Therefore, by prevent-
ing "too cold", energy saving can be realized by perform-
ing an optimum cooling operation by matching a life pat-
tern of each house.

[0159] A decision method of a "bulk-buying day" is de-
scribed. When one day is considered as one section,
seven sections correspond to one week (seven days).
Days when there are storage-volume increases equal to
or more than the standard storage-change volume B dur-
ing this period is memorized. Then, a learning result one
week before, two weeks before, and three weeks before



27 EP 2708 834 A1 28

this day is extracted. When two thirds or more of past
three weeks are days in which there is a storage-volume
increase equal to or more than the standard storage
change volume B, the corresponding day of the week is
decided and learned as a "bulk-buying day". In the ex-
ample shown in FIG. 17, Wednesday and Saturday are
decided as "bulk-buying days".

[0160] A "bulk-buying day" may be decided and
learned from a decrease volume from the average stor-
age volume. In this case, a storage volume at every con-
stanttime is memorized, and an average storage volume
in each house is learned from data of past three weeks.
When a storage volume during this time becomes smaller
by a constant volume or more (10% or more, forexample)
than the learned average storage volume, a day next to
this day is memorized. When two thirds or more of past
three weeks is a corresponding day, the corresponding
day of the week is decided and learned as a "bulk-buying
day".

[0161] Inlearningthe "bulk-buying day", itis necessary
to divide a period from morning to the morning of the next
day, or a period from night to the night of the next day as
one day. It is easy to divide one day by adding a clock
function to refrigerator 50. However, this has a disadvan-
tage of increasing cost.

[0162] It is possible to divide one day, by arranging
out-refrigerator illuminance sensor 72 (see FIG. 3) out-
side refrigerator 50 and by deciding night time from a
result of detection by out-refrigerator illuminance sensor
72.Forexample, atime when average illuminance during
one hour becomes equal to or lower than a prescribed
value (5 Lx or lower, for example) is a time when sleeping
starts. Time from this hour to hour when the average
illuminance returns to equal to or higher than the pre-
scribed value and when the average illuminance become
equal to or lower than the prescribed value again is de-
cided as one day.

[0163] By deciding in this way, one day can be divided
at low cost and accurately. Further, during a night time,
refrigerator 50 is little used, and time during which a
number of door open-close times is small is assumed to
continue. Therefore, by deciding and learning from a
combination of a result of detection by door-open-close
detecting unit 62 and a result of detection by out-refrig-
erator illuminance sensor 72, one day can be divided in
higher precision. It is also possible to calculate one day
by detecting a temperature change during daytime and
nighttime with outer-air temperature sensor 63. Also in
this case, one day can be divided in high precision in a
similar manner to that when out-refrigerator illuminance
sensor 72 is used.

[0164] When a "bulk-buying day" is assumed, it is con-
sidered that, in returning home after the buying, the user
immediately stores the bought food into refrigerator 50
in many cases. Therefore, from the number of times of
opening and closing the door of refrigerator 50, it is pos-
sible to decide and learn "unused time" during which re-
frigerator 50 is not used. Accordingly, by increasing a
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cooling volume predetermined time before the "unused
time", input storage object 33 can be cooled to an opti-
mum preservation temperature in a short time. Accord-
ingly, a high freshness preservation characteristic of stor-
age object 33 can be realized.

[0165] A decision method of an "unused time" is de-
scribed with reference to FIG. 18.

[0166] As shown in FIG. 18, from a number of door
open-close times in one section, time when there is door
opening-and-closing at or smaller than a constant
number of times during one hour (once or less, for ex-
ample), for example, is memorized. From a learning re-
sult one week before, two weeks before, and three weeks
before a corresponding day, when there is a time zone
in which there are door openings and closings at only a
constant number of times or less during one hour in two
thirds or more of three weeks, the corresponding time
zone is decided and learned as an "unused time".
[0167] By arranging out-refrigerator illuminance sen-
sor 72 outside refrigerator 50, and by memorizing a result
of detection by out-refrigerator illuminance sensor 72,
decision accuracy of the "unused time" can be further
enhanced. Whether a periphery of a set position of re-
frigerator 50 is bright or dark can be detected from an
output of out-refrigerator illuminance sensor 72. There-
fore, it is possible to discriminate between a daytime
when there is a possibility of mainly the user becoming
active and a night time when there is a low possibility of
the user becoming active.

[0168] By detecting a periphery of refrigerator 50 with
out-refrigerator illuminance sensor 72, detected informa-
tion is output to arithmetic control unit 22. Time during
which average illuminance in one section is equal to or
lower than a prescribed value (5 Lx or lower, for example)
is memorized. When two thirds or more of three weeks
is a time zone during which average illuminance in one
section is equal to or lower than a prescribed value (5 Lx
or lower, for example) from a learning result one week
before, two weeks before, and three weeks before a cor-
responding day, the corresponding time zone may be
decided and learned as an "unused time".

[0169] In this way, start and end timings of the power-
saving operation are determined from a forecast result
of a life pattern of the user. On a day that is decided as
a day other than a "bulk-buying day" from a learning re-
sult, the power-saving operation is performed in a time
zone other than a learned "heat-load large time", and the
power-saving operation is shifted to the normal operation
at the time point of becoming the "heat-load large time".
This is because, in the "heat-load large time", a temper-
ature in refrigerator 50 is assumed to be high due to fre-
quent door opening-and-closing and for preservation of
a warm cooked product during a time zone of cooking,
for example.

[0170] However, as a shift time from the power-saving
operation to the normal operation, actually, the power-
saving operation ends and is changed over to the normal
operation predetermined time (one hour, for example)
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before start of the "heat-load large time". Accordingly, on
aday which is decided as other than a "bulk-buying day",
the normal operation is performed in only a time zone in
which a heat load of refrigerator 50 is assumed to be
large. In a time zone in which a heat load to refrigerator
50 is assumed to be small, "too cold" can be prevented
by suppressing a rotation number of compressor 30 or
the cooling fan. In this way, energy saving can be auto-
matically realized by matching a life pattern of each
house.

[0171] When itis decided that a day is a "bulk-buying
day" from a forecast result of a life pattern of the user,
the power-saving operation is performedin a learned "un-
used time" zone, and the power-saving operation is shift-
ed to the normal operation at the time point of becoming
an end of the "unused time". This is because there is a
high possibility that immediately after the user returns
home from shopping, the user inputs the bought product
into refrigerator 50, and at this time, a temperature in
refrigerator 50 becomes high. However, as a shift time
from the power-saving operation to the normal operation,
actually, the power-saving operation ends and is
changed over to the normal operation predetermined
time (one hour, for example) before end of the "unused
time". Accordingly, on a day which is decided as a "bulk-
buying day", it is assumed that an in-refrigerator temper-
ature becomes high based on a storage-volume increase
due to a bulk buying in addition to a temperature increase
in the refrigerator due to frequent door opening-and-clos-
ing in a time zone of cooking and preservation of a warm
cooked product. Therefore, as compared with a day
which is decided as other than a "bulk-buying day", a
high freshness preservation characteristic of storage ob-
ject can be realized by decreasing the power-saving op-
eration and by securing a sufficient cooling volume on
the day which is decided as a "bulk-buying day".

[0172] Next, a control flow diagram of a learning oper-
ation control when learning a "bulk-buying day" is de-
scribed with reference to FIG. 19.

[0173] FIG. 19is a flowchart showing a learning oper-
ation control in a separate mode according to the first
embodiment of the present invention.

[0174] In FIG. 19, upon starting a learning operation
control, it is decided from a learning result whether this
day is the "bulk-buying day" (S160).

[0175] When it is decided that this day is the "bulk-
buying day" (S160, YES), it is confirmed that the opera-
tion is the normal operation (S162).

[0176] Then, it is decided whether it is a start time of
the "unused time" decided by the learning result (S163).
When it is decided that it is a start time of the "unused
time" (S163, YES), it is decided whether a current tem-
perature in refrigerator 50 is equal to or lower than the
standard temperature E (S164).

[0177] When it is decided that the in-refrigerator tem-
perature is equal to or lower than the standard temper-
ature E (S164, YES), the normal operation is changed
over to a power-saving operation (S165). On the other
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hand, when it is decided in step S163 that it is not the
start time of the "unused time", or when it is decided in
step S164 that the in-refrigerator temperature exceeds
the standard temperature E, the normal operation is con-
tinued (S162).

[0178] When it is confirmed that an operation is the
power-saving operation (S165), next, it is determined
whether predetermined time before end of the "unused
time" has passed (S166). When it is decided that it is
predetermined time before end of the "unused time"
(S166, YES), the power-saving operation is changed
over to the normal operation (S162). On the other hand,
whenitis decided in step S166 thatitis not predetermined
time before end of the "unused time", the power-saving
operation is continued (S165).

[0179] On the other hand when it is decided in step
S160 that this is not the "bulk-buying day" (S160, NO),
it is confirmed that the operation is the normal operation
(S172), and it is decided whether it is the end time of the
"heat-load large time" decided by the learning result
(S173). When it is decided that it is the end time of the
"heat-load large time" (S173, YES), itis decided whether
a current temperature in refrigerator 50 is equal to or
lower than the standard temperature E (S174).

[0180] When it is decided that the in-refrigerator tem-
perature is equal to or lower than the standard temper-
ature E (S174, YES), the normal operation is changed
over to a power-saving operation (S175). On the other
hand, when it is decided in step S173 that it is not the
end time of the "heat-load large time", or when it is de-
cided in step S174 that the temperature exceeds the
standard temperature E, the normal operation is contin-
ued (S172).

[0181] When it is confirmed that the operation is the
power-saving operation (S175), next it is decided wheth-
er it is predetermined time before start of the "heat-load
large time" (S176). When it is decided that it is predeter-
mined time before start of the "heat-load large time"
(S176, YES), the power-saving operation is changed
over to the normal operation (S172). On the other hand,
whenitis decided in step S176 thatitis not predetermined
time before start of the "heat-load large time", the power-
saving operation is continued (S176, NO).

[0182] Asdescribedabove in refrigerator 50 according
to the present embodiment, in a time zone in which a
storage state and a temperature in refrigerator 50 are
estimated to greatly change due to a bulk buying and the
like, input storage object 33 can be cooled to an optimum
preservation temperature in a short time by increasing a
cooling volume. Accordingly, a high freshness preserva-
tion characteristic of storage object 33 can be realized,
and a cooling volume can be adjusted by matching a
storage state and a using state. Therefore, energy saving
can be realized by preventing "too cold" and by perform-
ing an optimum cooling operation by matching a life pat-
tern in each house.

[0183] Further, a life pattern is forecasted from infor-
mation accumulated in memory unit 64. A time zone of



31 EP 2708 834 A1 32

a life pattern in which a storage volume change is fore-
casted to be small and also a temperature increase in
refrigerator 50 is forecasted to be small is decided as a
time zone in which refrigerator 50 is little used and also
a heat load is small. Then, when in this time zone, the
power-saving operation is automatically started. Accord-
ingly, "too cold" is prevented by suppressing rotation
numbers of compressor 30 and cooling fan 31. Therefore,
energy saving can be automatically realized by matching
a life pattern of each house.

[0184] Further, a life pattern is forecasted from infor-
mation accumulated in memory unit 64. A time zone of
a life pattern in which an increase in a storage volume in
refrigerator 50 is forecasted is decided as a time zone in
which a heat load is large, and the power-saving opera-
tion automatically ends predetermined time before this
time zone. Accordingly, because input storage object 33
can be cooled to an optimum preservation temperature
in a short time, a high freshness preservation character-
istic of storage object 33 can be realized. Further, the
cooling operation is performed by matching a life pattern
of each house, by increasing a cooling volume based on
the learning and forecasting of time zones in which a
warm cooked product and the like are cold-preserved in
refrigerator 50 and cooking is performed by frequently
opening and closing the door of refrigerator 50. There-
fore, a high freshness preservation characteristic of stor-
age object 33 can be realized.

[0185] As described above, refrigerator 50 includes a
storage chamber for storing a storage object, partitioned
by a heat insulation wall and a heat insulation door, stor-
age-volume estimating unit 23 for estimating a storage
volume in the storage chamber, and memory unit 64 for
memorizing a result of estimation by storage-volume es-
timating unit 23. Further, arithmetic control unit 22 func-
tions as a storage-volume-change forecast unit that fore-
casts a future storage volume change in the storage
chamber from the data of memory unit 64, and also con-
trols an output operation of the electrofunctional part
based onthe future storage volume change-forecast data
of the storage-volume-change forecast unit. Further,
arithmetic control unit 22 controls the output operation of
the electrofunctional part based on the future storage vol-
ume change-forecast data of the storage-volume-
change forecast unit. Accordingly, improvement of a
food-freshness preservation characteristic that matches
a buying-scheduled date and time and an energy-saving
characteristic can be enhanced.

[0186] Further, arithmetic control unit 22 estimates a
storage-volume-increase forecast date and time of the
user based on storage volume data of a constant period
memorized in memory unit 64 and the future storage vol-
ume change-forecast data of the storage-volume-
change forecast unit. Then, a control of increasing a cool-
ing volume in the storage chamber is performed prede-
termined time before the storage-volume-increase fore-
castdate andtime. Accordingly, by increasing the cooling
volume in the storage chamber predetermined time
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(scheduled buying date and time) before a storage-vol-
ume-increase forecast date and time, a food-freshness
preservation characteristic can be securely improved.
[0187] When storage-volume estimating unit 23 de-
cides that there is no change in the storage volume in
the storage chamber, arithmetic control unit 22 lowers
the cooling volume in the storage chamber, predeter-
mined time after a storage-volume-increase forecast
date and time. Accordingly, both an energy-saving char-
acteristic and a food-freshness-preservation character-
istic can be materialized.

[0188] In the present embodiment, an example of the
storage-state detecting unit provided in cold compart-
ment 12 is shown. However, the present invention is not
limited to this example, and the storage-state detecting
unit may be provided in at least one of cold compartment
12, ice compartment 13, change compartment 14, freez-
ing compartment 15, and vegetable compartment 16.
[0189] The presentembodimentis not necessarily lim-
ited to the configuration of refrigerator 50 shown in FIG.
2, and can be also applied to a conventionally-general
type of a refrigerator in which compressor 30 is arranged
by providing a machine room in a rear area of a storage
chamber at a lowest part of a heat-insulation box body.
[0190] Further, refrigerator 50 may include a storage
chamber for storing a storage object, partitioned by a
heat insulation wall and a heat insulation door, a deodor-
izing and sterilizing unit for deodorizing or sterilizing in-
side the storage chamber, and storage-volume estimat-
ing unit 23 for estimating a storage volume in the storage
chamber. Further, refrigerator 50 may include memory
unit 64 for memorizing a result of estimation by storage-
volume estimating unit 23, and arithmetic control unit 22
for calculating a storage change volume based on aresult
of estimation by storage-volume estimating unit 23 and
memory unit 64, and for controlling an output operation
of the deodorizing and sterilizing unit. Arithmetic control
unit 22 changes a deodorizing and sterilizing capacity of
the deodorizing and sterilizing unit when it is decided that
a storage volume in the storage chamber changed.
[0191] Further, for the deodorizing and sterilizing unit,
an electrostatic spray apparatus for spraying a mist in
the storage chamber can be also used.

[0192] Accordingly, by performing the deodorization
and sterilization control by quickly catching a storage vol-
ume change, a sterilization and deodorization function
can be improved and a humidity control can be adequate-
ly performed according to the storage volume change.
[0193] Further, refrigerator 50 includes door-open-
close detecting unit 62 for detecting opening and closing
of a heat insulation door. Arithmetic control unit 22 con-
trols an output operation of the electrofunctional part
when a storage change volume from before the door
opening to the door closing exceeds a predetermined
threshold value, based on a result of detection by door-
open-close detecting unit 62.

[0194] Accordingly, by comparing a storage volume
before the door opening with a storage volume after the
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door closing, a storage volume change can be more se-
curely understood.

[0195] It may be configured such that a storage volume
in memory unit 64 is maintained and an output operation
of the electrofunctional part is not changed, when a stor-
age change volume does not exceed a threshold value.
[0196] In this case, when the threshold value is not
exceeded, it is decided that there is no change in the
storage volume, and a storage volume of memory unit
64 before the result of estimation by storage-volume es-
timating unit 23 is maintained. Accordingly, the present
embodiment can be also properly applied to a small
change of a storage volume (small-lot storage).

[0197] As the electrofunctional part that is output con-
trolled, a cooling fan or a compressor for changing a cool-
ing volume in the storage chamber may be used.
[0198] Accordingly, an energy-saving characteristic at
an actual using time can be enhanced by increasing an
energy-saving-conscious operation rate.

[0199] Inthe above description, itis described that light
emitting unit 20 and light-volume detecting unit 21 are
configured to be included as storage-state detecting
means. However, the storage-state detecting means ac-
cording to the present invention is not limited to this con-
figuration. For example, it is also possible to use means
for detecting an inclination of an in-refrigerator tempera-
ture and for detecting a storage state by using a current
change at an operation time of the cooling function part.

SECOND EXEMPLARY EMBODIMENT

[0200] Next, a second embodiment of the present in-
vention is described.

[0201] Inthe present embodiment, only portions differ-
ent from those in the configuration and the technical idea
described in detail in the first embodiment are described
in detail. Portions of which configurations are the same
as those described in detail in the first embodiment, and
portions in which no inconvenience occurs when the
same technical idea is applied can be applied in combi-
nation with the present embodiment, and their detailed
descriptions are omitted.

[0202] Refrigerator50according to the second embod-
iment includes door-open-close detecting unit 62 for de-
tecting a door opened-and-closed state of refrigerator
50. During a period when detecting a door-closed state,
a series of operation of light emitting unit 20, light-volume
detecting unit 21, arithmetic control unit 22, and storage-
volume estimating unit 23 described in the first embodi-
ment are started.

[0203] Based on this operation, by detecting a door
opened-and-closed state of refrigerator 50, and by oper-
ating light emitting unit 20 and light-volume detecting unit
21 after a lapse of a certain constant time since the door
is in the closed state, an influence of background light
and an influence of afterglow can be easily avoided.
[0204] A change in a storage volume follows a series
of operation. First, the user opens the door, inputs or
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takes out a food, and closes the door last. Therefore, it
is sufficient to detect a storage volume only after the door
is opened and closed. That is, based on the inclusion of
door-open-close detecting unit 62, a minimum detecting
operation is sufficient, and power consumption by light
emitting unit 20 and the like can be deleted.

[0205] In a household refrigerator, by relating door-
open-and-close detection and in-refrigerator illumina-
tion, a light-on/light-off control of illuminating unit 19 in
the refrigerator is performed according to door opening-
and-closing. By sharing the door opened-and-closed
state detecting function in this control, a simple configu-
ration can be realized without adding a part.

[0206] In the present embodiment, arithmetic control
unit 22 calculates when predetermined time elapsed after
door-open-close detecting unit 62 detects a close oper-
ation of a heat insulation door, and controls an output
operation of the electrofunctional part.

[0207] Accordingly, by comparing stabilized states af-
ter the door is closed, a storage volume change can be
more securely understood.

THIRD EXEMPLARY EMBODIMENT

[0208] A third embodiment of the present invention is
described.

[0209] FIGS. 20 and 21 are explanatory diagrams
(cross-sectional view corresponding to FIG. 2) of a stor-
age-volume detecting operation according to the third
embodiment of the present invention.

[0210] Also in the present embodiment, detailed de-
scriptions are omitted for portions of which configurations
and technical ideas are the same as those in refrigerators
50 of the first embodiment and the second embodiment.
The configurations described in the first embodimentand
the second embodiment can be applied in combination
with the present embodiment.

[0211] In FIG. 20, illuminating unit 19 is arranged in a
longitudinal direction on each of a left-side wall surface
and a right-side wall surface positioned in front of a front
end of storage shelf 18, nearer than a half of a depth
dimension in the refrigerator, viewed from door-open-
side front surface in the refrigerator.

[0212] In illuminating units 19, light emitting units 20a
to 20d are arranged at equal intervals in a longitudinal
direction, and can irradiate whole parts from an upper
partto alower partin cold compartment 12. Further, light-
volume detecting units 21a to 21d are arranged at rear
positions in cold compartment 12, and are configured to
detect light volume attenuation due to shielding of light
mainly by storage object 33. Light-volume detecting unit
21eis arranged on a ceiling surface of cold compartment
12, and detects light volume attenuation due to light re-
flection by mainly storage object 33. For light-volume de-
tecting units 21ato 21e, illuminance sensors, and chromi-
nance sensors and the like capable of identifying chromi-
nance (RGB) in addition to illuminance are used.
[0213] As shown in FIG. 21, a storage volume can be
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also detected in high precision by providing light emitting
unit 20e on a ceiling surface in the refrigerator and light-
volume detecting unit 21f at a lower side. Light emitting
unit 20e on the ceiling surface is arranged at a nearer
side than a half of an in-refrigerator depth dimension
viewed from a door-open side in refrigerator 50. Further,
in the present embodiment, light emitting unit 20e on the
ceiling surface is arranged at a door side far from a front
end of storage shelf 18, and at a rear side of door shelves
27a to 27c fitted to the door. By arranging in this way, a
front surface (light axis direction) of light emitting unit 20e
of the ceiling surface is not shielded by storage objects
33 on storage shelf 18 and door shelves 27a to 27c.
[0214] Further, for the same reason, light-volume de-
tecting unit 21f at a lower side is also arranged at a door
side far from the front end of storage shelf 18, and also
ata rear side of door shelves 27a to 27c fitted to the door,
and further at a height equal to or lower than lowest stor-
age shelf 18. A set surface of lower light-volume detecting
unit 21f may be one of a side surface and a lower surface
in the refrigerator. A positional relationship between light
emitting unit 20e on the ceiling surface and lower light-
volume detecting unit 21f may set opposite.

[0215] In this way, by configuring such that the inside
of the refrigerator is irradiated from the ceiling surface
and a light volume is detected at a lower part, light is
transmitted to storage shelf 18 and door shelves 27a to
27c. Therefore, detection of a storage volume can be
accurately performed.

[0216] In the storage chamber that is long in a height
direction like cold compartment 12, light from light emit-
ting unit 20e on the ceiling surface does not easily reach
a lower storage object. Therefore, it is preferable to suf-
ficiently irradiate inside the refrigerator by also using a
lower light emitting unit such as light emitting unit 20d.
[0217] Sofar as light-volume detecting units 21a to 21f
are arranged at positions irradiated by light emitting units
20a to 20d via storage object 33 and an in-refrigerator
structure, light-volume detecting units 21a to 21f may be
arranged at any positions in the refrigerator. When high
precision is not required for estimating a storage volume,
it is not necessary to set a plurality of light-volume de-
tecting units 21, and only one light-volume detecting unit
21 is sufficient.

FOURTH EXEMPLARY EMBODIMENT

[0218] Next, afourthembodiment of the presentinven-
tion is described.

[0219] FIG. 22is an explanatory diagram of a storage-
volume detecting operation according to the fourth em-
bodiment of the present invention.

[0220] Also in the present embodiment, detailed de-
scriptions are omitted for portions of which configurations
and technical ideas are the same as those in refrigerators
50 of the first embodiment to the third embodiment. The
configurations described in the first embodiment to the
third embodiment can be applied in combination with the

10

15

20

25

30

35

40

45

50

55

19

present embodiment.

[0221] As shown in FIG. 22, in the present embodi-
ment, air-volume adjusting units 28a to 28d are arranged
atrear positions in cold compartment 12. Irradiation lights
34a output from light emitting units 20a to 20d irradiate
inside cold compartment 12 and storage object 33 stored
inside cold compartment 12.

[0222] Irradiation light 34b as a part of the output light
is incident to light-volume detecting units 21a to 21e ar-
ranged in cold compartment 12. A volume of storage ob-
ject 33 in the refrigerator can be classified by deciding a
light volume detection result from a predetermined
threshold value set in advance.

[0223] Atthistime, a difference occurs in light volumes
detected by storage-state detecting units 21a to 21e re-
spectively, depending on a storage state. For example,
as shown in FIG. 22, when storage object 33 is input to
storage shelf 18b, a light volume change from before to
after the input of storage object 33 detected by light-vol-
ume detecting unit 21a becomes smaller than a light vol-
ume change detected by other storage-state detecting
units 21b to 21e. Accordingly, input of storage object 33
to storage shelf 18b is detected, and a volume of storage
object 33 is classified. Thereafter, air-volume adjusting
unit 28a adjusts an air volume according to a detected
storage-increase volume, and a rapid cooling operation
is performed.

[0224] This rapid cooling operation is canceled after
the compressor stops after a lapse of a constant time or
at the time point when a temperature detected by a cold
compartment sensor becomes equal to lower than a cer-
tain predetermined temperature. Then, the normal oper-
ation or the cooling operation of automatic power saving
is started.

[0225] As described above, in the present embodi-
ment, by providing air-volume adjusting units 28a to 28d,
a periphery of the input storage object can be efficiently
cooled. Therefore, an optimum cooling operation of au-
tomatic rapid cooling can be realized.

[0226] Positions of air-volume adjusting units 28a to
28d are not limited to the example of the present embod-
iment, and air-volume adjusting units 28a to 28d may be
arranged at any positions in the refrigerator.

FIFTH EXEMPLARY EMBODIMENT

[0227] Next, a fifth embodiment is described in detail
with reference to a drawing.

[0228] FIG. 23 is a front view of refrigerator 50 accord-
ing to the fifth embodiment of the present invention. Re-
frigerator 50 according to the present embodiment has
functions described in the first embodiment to the fourth
embodiment.

[0229] InFIG. 23, in refrigerator main body 11 consist-
ing of inner box 11a and outer box 11b, cold compartment
12, ice compartment 13, freezing compartment 15, and
vegetable compartment 16 are arranged from above in
inner box 11a provided via a heat insulation wall. At the
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side of ice compartment 13, change compartment 14 ca-
pable of changing over between many temperatures in
the compartment is also provided.

[0230] Cold compartment 12 of which using frequency
of inputting and outputting a storage objectis highest and
a storage capacity is also largest has a front opening of
the compartment blocked with cold compartment doors
12a as double rotation doors of which both sides are sup-
ported with hinges. A drawer-type door is provided in
each of ice compartment 13, change compartment 14,
vegetable compartment 16, and freezing compartment
15.

[0231] Cold compartment 12 is vertically partitioned
with a plurality of storage shelves 18 at suitable intervals
in the compartment held at a cold preservation temper-
ature. At a bottom part of cold compartment 12, there are
provided a water supply tank for supplying ice-making
water to cold compartment 12 and low-temperature com-
partment 12b for holding a chilled temperature.

[0232] Specifically, an upper space of storage shelf 18
is a storage space for preserving food. In the present
embodiment, storage shelf 18a for mounting food for stor-
ing in a storage space formed at a top, storage shelf 18b
for mounting food for storing food in a second top storage
space, and storage shelf 18c for mounting food for storing
in a lowest storage space are provided as storage shelf
18. In a lowest storage area, a water supply tank and
low-temperature compartment 12b for holding at a chilled
temperature are arranged.

[0233] Incold compartment 12, there s setilluminating
unit 19 in which a plurality of LEDs are stored at equal
intervals in a longitudinal direction at a front side of a side
surface in the storage chamber. At a rear-surface side in
the storage chamber, light-volume detecting unit 21
made of an illuminance sensor is set. On a rear surface
wall above storage shelf 18a for mounting food for storing
in a storage space formed at a top and also below inner
box 11a at a ceiling-surface side, light-volume detecting
unit 21a is provided. Light-volume detecting unit 21b is
provided on a rear surface wall above storage shelf 18b
for mounting food for storing in a second top storage
space and also below storage shelf 18a.

[0234] Inthe present embodiment, a state that storage
objects 33 as food are placed on storage shelf 18b is
shown.

[0235] Above light-volume detecting unit 21, cold-air
blowing opening 4 is provided. Near storage-state de-
tectingunit21aatan upper side, cold-air blowing opening
4a is provided. Near storage-state detecting unit 21b at
a lower side, cold-air blowing opening 4b is provided.
[0236] An operation of refrigerator 50 configured as
described above is described below.

[0237] llluminating unit 19 is lit in a state that cold com-
partment door 12ais closed. In the refrigerator, light from
illuminating unit 19 reaches light-volume detecting unit
21a for detecting illuminance of a top storage space via
air. In middle storage shelf 18b, a part of light from illu-
minating unit 19 passes through between storage objects
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33 and reaches storage-state detecting unit 21b that de-
tects illuminance of a second storage space. A part of
other light beams is incident to storage objects 33 and is
absorbed, and a part of light beams is reflected and scat-
tered. Therefore, sides of storage objects 33 opposite to
illuminating unit 19, that is, rear surface sides of storage
objects 33 that become in shade, become dark with a
small light volume.

[0238] When a height of storage object 33 is larger and
alsowhen a storage volume of storage object 33 is larger,
light of illuminating unit 19 is shielded. Therefore, a vol-
ume of light reaching light-volume detecting unit 21 at a
rear side becomes smaller.

[0239] Therefore, light-volume detecting unit 21 made
of this illuminance sensor functions as a detecting unit
for detecting an empty space of a storage space in the
storage chamber in non-contact manner.

[0240] In this way, light-volume detecting unit 21 de-
tects a light volume, and displays that a space capable
of storing food is present at an upper part of storage shelf
18 relative to a middle part, in display unit 91 (see FIG.
1) on the outer surface of cold compartment door 12a as
a door.

[0241] That s, a state of a storage object in cold com-
partment 12 can be informed to the user, by display unit
91 as recognizing means for displaying the presence of
a space on the outer surface of cold compartment door
12a provided at a front surface side of cold compartment
12 as a storage chamber provided with light-volume de-
tecting unit 21.

[0242] By confirming the display shown in display unit
91 astherecognizing means, the user can mount, without
hesitation, food on storage shelf 18a as a top storage
space that is displayed as a space having a small volume
of storage object 33, by opening cold compartment door
12a, and can quickly close old compartment door 12a.
[0243] Further, there is assumed a case that storage
objects 33 as food are stored at a front side of cold-air
blow opening 4b and that too many storage objects 33
are stored. In such a case, when a light volume detected
by light-volume detecting unit 21 near cold-air blowing
opening 4 is smaller than a predetermined value, display
unit 91 on the outer surface of cold compartment door
12a displays that there are too many storage objects in
the storage space detected by the illuminance sensor
and that the operation becomes a power increase oper-
ation.

[0244] When there are too many storage objects 33 or
when storage object 33 is stored near cold-air blowing
opening 4, storage object 33 becomes a cold-air venti-
lation resistance. Consequently, a cold air circulation vol-
ume per unit time decreases, and cooling time becomes
long. When a cold air circulation volume decreases, an
air volume of an evaporator becomes lower, and a heat
exchange volume decreases. Therefore, an evaporation
temperature decreases, and a compressor input also in-
creases due to an increase of a high-and-low pressure
difference of a freezing cycle.
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[0245] An attempt to maintain a cooling time requires
increasing a rotation number of a fan for circulating a cold
air and increasing rotation of compressor 30. Therefore,
this also becomes a factor of a power increase.

[0246] Accordingly, by informing the user of a power-
increase tendency of increasing a power consumption
volume due to these increases, and by urging optimum
arrangement of storage object 33, refrigerator 50 that
can achieve energy saving and realizes more energy
saving can be provided to the user. This can contribute
to reduction of CO,.

[0247] From the above, an open time of cold compart-
ment door 12a can be shortened, high-temperature out-
side air entering from cold compartment door 12a can be
suppressed, and energy saving becomes possible. Fur-
ther, because a temporary temperature increase in cold
compartment 12 can be also suppressed, a temperature
increase of food as storage object 33 can be also sup-
pressed, and quality degradation can be decreased.
[0248] Further, because a power increase operation
can be informed by display unit 91 as recognizing means,
the user can be warned to perform the energy-saving
operation. The recognizing means is not limited to display
unit 91, and a configuration to give warning in voice, for
example is also possible.

[0249] Particularly, the configuration according to the
present embodiment has higher effect than the conven-
tional configuration when there is a possibility of storing
various kinds of food as stored in a household refrigera-
tor.

[0250] Refrigerator 50 according to the present em-
bodiment includes a storage chamber for storing a stor-
age object, partitioned by a heat insulation wall and a
heat insulation door, storage-volume estimating unit 23
for estimating a storage volume in the storage chamber,
and memory unit 64 for memorizing a result of estimation
by storage-volume estimating unit 23. Further, refriger-
ator 50 includes arithmetic control unit 22 for calculating
a storage change volume based on a result of estimation
up to a last time of memory unit 64 and a result of esti-
mation by storage-volume estimating unit 23, and for con-
trolling an output operation of the electrofunctional part.
Further, arithmetic control unit 22 informs by informing
means the user of an operation state of refrigerator 50
when it is decided that a storage volume in the storage
chamber has changed.

[0251] Accordingly, based on estimation of a storage
volume, storage volume information can be informed to
the user. Consequently, easiness of handling can be im-
proved.

SIXTH EXEMPLARY EMBODIMENT

[0252] Next, a sixth embodiment according to the
present invention is described with reference to a draw-
ing.

[0253] FIG. 24 is a front view of refrigerator 150 ac-

cording to a sixth embodiment of the present invention.
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[0254] As shown in FIG. 24, refrigerator 150 has re-
frigerator main body 151.

[0255] Refrigerator main body 151 is a heat-insulation
box body, and is insulated from the surrounding, in a
structure having an outer box mainly made of steel plate,
an inner box formed with aresin such as ABS, and a heat
insulation material such as urethane in a space between
the outer box and the inner box.

[0256] Refrigerator main body 151 is partitioned into a
plurality of store rooms by heat insulation, and cold com-
partment 152 is provided at a top part. At a lower part of
cold compartment 152, ice compartment 153 and change
compartment 154 are laterally provided. Freezing com-
partment 155 is arranged at a lower part of ice compart-
ment 153 and change compartment 154, and vegetable
compartment 156 is arranged at a lowest part.

[0257] Infrontof each storage chamber, a door for sep-
arating from outside air is configured at a front opening
part of refrigerator main body 151. Near a center part of
cold compartment door 152a of cold compartment 152,
there is arranged operating unit 157 for performing an in-
refrigerator temperature setting of each compartment
and setting of ice making and a rapid cooling.

[0258] FIG. 25 is a cross-sectional view along a 25-25
line in FIG. 24 of refrigerator 150 according to the sixth
embodiment of the present invention.

[0259] As shown in FIG. 25, a plurality of storage
shelves 158 are provided in cold compartment 152, and
a part of storage shelves 158 is configured to be vertically
movable.

[0260] In cold compartment 152, there are provided
illuminating unit 159 configured by a lamp and a plurality
of LEDs, light emitting unit 160 such as LEDs as means
capable of detecting a storage state, and light-volume
detecting unit 161 such as an illuminance (light) sensor.
[0261] llluminatingunit 159is arrangedin alongitudinal
direction on each of a left-side wall surface and a right-
side wall surface positioned in front of a front end of stor-
age shelf 158, nearer than a half of a depth dimension
in the refrigerator, viewed from a door-open-side front
surface in the refrigerator 150.

[0262] Further, light emitting unit 160 is arranged ad-
jacent to a position close to illuminating unit 159, and
light-volume detecting unit 161 is arranged at a rear po-
sition in cold compartment 152.

[0263] So far as light-volume detecting unit 161 is ar-
ranged at a position irradiated by light emitting unit 160
viastorage object 173 (see FIG. 26) and an in-refrigerator
structure, light-volume detecting unit 161 may be ar-
ranged at any position in the refrigerator.

[0264] Matters relating to essential parts of the inven-
tion according to the presentembodiment may be applied
to a type of refrigerator main body 151 in which compres-
sor 170 is arranged by providing a machine room in a
lowest-part storage chamber rear area of a heat-insula-
tion box body that has been conventionally general.
[0265] In a machine room formed in a top rear area in
cold compartment 152, high-voltage side configuration
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parts of a freezing cycle such as compressor 170 and a
drier that removes moisture are stored.

[0266] On arear surface of freezing compartment 155,
a cooling chamber for generating cold air is provided. In
the cooling chamber, there are provided a cooler, and
cooling fan 171 (see FIG. 27) for sending the cold air as
cooling means cooled by the cooler to cold compartment
152, change compartment 154, ice compartment 153,
vegetable compartment 156, and freezing compartment
155. Further, to remove frost and ice adhered to the cool-
er and a periphery of the cooler, a radiant heater, a drain
pan, a drain tube evaporation tray, and the like are con-
figured as defrosting unit 195 (see FIG. 27).

[0267] Cold compartment 152 is normally setat 1°C to
5°C as a lower limit at which the storage object is not
frozen, and vegetable compartment 156 at a lowest part
is set at 2°C to 7°C which is equal to or slightly higher
than the temperature in cold compartment 152 for cold
preservation. Freezing compartment 155 is setin a freez-
ing temperature range, and is normally set at -22°C to
-15°C for freezed preservation. However, to improve a
freezed preservation state, freezing compartment 15 is
sometimes set at a low temperature of -30°C or -25°C,
for example.

[0268] Ice compartment 153 makes ice with an auto-
matic ice machine (not shown) set at an upper partin the
compartment using water sent from a water storage tank
(not shown) in cold compartment 152, and stores the ice
in an ice storage container (not shown) arranged at a
lower part in the compartment.

[0269] Change compartment 14 can be changed over
to a temperature range set in advance between a cold
preservation temperature range and a freezing temper-
ature range, in addition to a cold preservation tempera-
ture range set at 1°C to 5°C, a vegetable temperature
range setat2°C to 7°C, and afreezing temperature range
normally set at -22°C to -15°C. Change compartment
154 is a storage chamber including an independent door
provided in parallel with ice compartment 153, and in-
cludes a drawer-type door in many cases.

[0270] In the present embodiment, change compart-
ment 154 is a storage chamber including temperature
ranges of cold storage and freezing. However, change
compartment 154 may be configured as a storage cham-
ber specializing in a changeover in an intermediate tem-
perature range between cold storage and freezing, by
assigning cold storage to cold compartment 152 and veg-
etable compartment 156 and assigning freezing to freez-
ing compartment 155. The specialized temperature
range may be set in a storage chamber fixed to freezing,
to follow an increased demand for frozen foods in recent
years, for example.

[0271] An operation and work of refrigerator 150 con-
figured as described above are described below.
[0272] FIG. 26 is an explanatory diagram of a light-
volume detecting operation according to the sixth em-
bodiment of the present invention.

[0273] Operations of light emitting unit 160 and light-
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volume detecting unit 161 that constitute means capable
of detecting a storage state are described in detail with
reference to FIG. 26.

[0274] Irradiation lights 174a output from light emitting
units 160 arranged on left-and-right both sidewalls of re-
frigerator 150 irradiate inside cold compartment 152 and
storage object 173 stored inside cold compartment 152.
Further, a part of irradiation lights 174ais incident to light-
volume detecting unit 161 arranged in cold compartment
152.

[0275] FIG. 26 shows a state that when storage object
173 is stored in cold compartment 152, depending on
presence of storage object 173, there occur an area A
where irradiation lights 174a from both the left-and-right
sidewalls are shielded, an area B where any one of irra-
diation lights 174ais shielded, and an area C where none
of left and right irradiation lights 174a is shielded.
[0276] In this case, light-volume detecting unit 161 is
in the area B where any one of irradiation lights 174a is
shielded, and detects and outputs a corresponding light
volume. When a volume of storage object 173 is large,
a detected light volume by light-volume detecting unit
161 decreases because the area A where both lights are
shielded increases. When a storage volume is small, a
detected light volume by light-volume detecting unit 161
increases because the area C where none of irradiation
lights 174a is shielded increases.

[0277] Inthis way, by detecting by light-volume detect-
ing unit 161 a light volume change attributable to pres-
ence of storage object 173 and a difference in a volume
of storage object 173, volumes (example: large or small)
of storage object 173 in the refrigerator can be classified
by deciding a light volume detection result by using a
predetermined threshold value set in advance.

[0278] Further, by using light emitting unit 160 also as
illuminating unit 159 normally provided in refrigerator 150
or by using a substrate of light emitting unit 159 also as
a substrate of light emitting unit 160, a storage state can
be detected in a simpler configuration without additionally
providing a light source and a material.

[0279] Next, a control operation of refrigerator 150 is
described.

[0280] FIG. 27 s a control block diagram of refrigerator
150 according to the sixth embodiment of the present
invention.

[0281] As shown in FIG. 27, refrigerator 150 includes
light-volume detecting unit 161, temperature sensor 191,
door-open-close detecting unit 192, arithmetic control
unit 163, light emitting unit 160, compressor 170, cooling
fan 171, temperature compensation heater 172, damper
193, and defrosting unit 195.

[0282] Arithmetic control unit 163 has storage-volume
estimating unit 162, memory unit 194, and timer 196.
[0283] After the door is closed, refrigerator 150 oper-
ates light emitting unit 160 accordingly by a program de-
termined in advance, and each time, light-volume detect-
ing unit 161 detects a light volume in the vicinity. Then,
refrigerator 150 has this light volume information input to
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arithmetic control unit 163, calculates the information,
estimates an output value of the calculation as a storage
volume in the storage chamber, and occasionally mem-
orizes the storage volume in memory unit 194.

[0284] Arithmetic control unit 163 appropriately per-
forms an arithmetic processing based on data memo-
rized in memory unit 194, and determines an operation
timing of defrosting unit 195.

[0285] For example, when a detection output by light-
volume detecting unit 161 does not change during a con-
stant period or when a change width is smaller than a
determined threshold value, arithmetic control unit 163
decides that refrigerator 150 is not being used, and con-
trols to perform a defrosting operation in a cycle that is
extended to more than a normal defrosting cycle. Further,
by using output data of other temperature sensor 191
and door-open-close detecting unit 192, arithmetic con-
trol unit 163 further understands a person’s life state,
appropriately operates compressor 170, cooling fan 171,
temperature compensation heater 172 and damper 193,
and also controls the defrosting operation.

[0286] The operations are described in detail below.
[0287] FIG.28Aisacontrol flowchartata powersource
input time of refrigerator 150 according to the sixth em-
bodiment of the present invention, FIG. 28B is a control
flowchart of absence detection A of refrigerator 150 ac-
cording to the same embodiment, FIG. 28C is a control
flowchart of the using-state decision A of refrigerator 150
according to the same embodiment, and FIG. 28D is a
control flowchart of absence detection B of refrigerator
150 according to the same embodiment.

[0288] FIG. 28E is a control flowchart of the using-state
decision B of refrigerator 150 according to the sixth em-
bodiment of the present invention, FIG. 28F is a control
flowchart of the using-state decision C of refrigerator 150
according to the same embodiment, FIG. 28G is a control
flowchart of another example of absence detection B of
refrigerator 150 according to the same embodiment, and
FIG. 28H is a control flowchart of the using-state decision
D of refrigerator 150 according to the same embodiment.
[0289] InFIG.28A,whenapowersource of refrigerator
150 is turned on (S201), as an initial preparation, initial
values (A =0, B =0, for example) are set to Flag A and
Flag B for deciding a defrosting cycle based on a storage
change, timer tc is set to 0, and defrosting cycle t4g is set
to a predetermined value (S202).

[0290] Next, the process proceeds to step S203, and
a cooling operation is started. The storage chamber of
refrigerator 150 is cooled to a temperature range set in
advance.

[0291] Nextinstep S204, itis decided whether defrost-
ing operation time (defrosting cycle tyg) reached. That s,
when cooling operation time,, after the power source is
turned on has not passed ty, time (S204, NO), the normal
cooling is continued. On the other hand, when cooling
operation time tc has passed ty time (S204, YES), the
defrosting operation is started (S205). However, at this
time, to suppress a storage-chamber temperature in-
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crease due to entering of warm air into the storage cham-
ber that is assumed after defrosting, an in-refrigerator
temperature lower than a normal in-refrigerator temper-
ature may be secured by continuing cooling for a constant
time before starting the defrosting.

[0292] In step S205, after the defrosting is started,
compressor 170 stops, and defrosting unit 195 melts and
liquefies by heating the frost adhered around the cooler.
Liquefied defrosted water flows on a lower surface of the
cooling chamber, and is discharged to an outside of the
refrigerator. Further, when a temperature of the cooler
itselfincreases and when itis detected that a temperature
detected by temperature sensor fitted to the cooler or a
periphery of the cooler has become a determined tem-
perature or higher, the defrosting ends (S206), and the
process proceeds to step S207 to proceed to "absence
detection A" as the normal control.

[0293] The "absence detection A" is described next
with reference to FIGS. 28B and 28C.

[0294] Inthe normal cooling mode and in an "absence
detection A" mode, as a preparation, "1" is set to Flag A
for deciding a defrosting cycle according to a storage
volume change and "0" is set to the timer tc, for example,
and defrosting cycle ty, is set to a predetermined value.
Next, in step S213, the cooling operation is started, count-
ing of timer tc is started, and the process proceeds to a
"using-state decision A" process in step S214.

[0295] A control flowchart of the "using-state decision
A" is described with reference to FIG. 28C.

[0296] When the using-state decision A is started, it is
decided in step S232 whether "1" is being set to Flag A.
When "1" is being set to flag A (S232, YES), itis decided
thatthereis no storage volume change in the correspond-
ing period and the process proceeds to step S233. When
other than "1" is being set to Flag A (S232, NO), it is
decided that there was a storage volume change in the
corresponding period. The using-state decision A ends
without performing a storage-volume change decision.
[0297] When the process proceeds to step S233, it is
decided whether a storage change volume AM as a dif-
ference between the standard storage volume memo-
rized in memory unit 194 and a latest storage volume is
equal to or smaller than a predetermined threshold value
Mec.

[0298] When itis decided that the storage change vol-
ume AM is equal to or smaller than the predetermined
threshold value Mc (S233, YES), the process proceeds
to step S234. In step S234, because a storage change
volume is equal to or smaller than the threshold value, it
is decided that there is not change in the storage volume
because a person is not present (absent), Flag Ais main-
tained at "1", and the using-state decision A ends. On
the other hand, when the storage change volume AM is
larger than the predetermined threshold value Mc (S233,
NO), the process proceeds to step S235. Then, it is de-
cided that there was a storage volume change, that is,
the user is at home, "0" is set to Flag A, and the using-
state decision A ends.
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[0299] By discriminating a storage volume change in
this way, user presence or absence is decided. By mak-
ing a database of this decision, absence for a long period
can be decided.

[0300] Referring back to FIG. 28B, when the process
proceeds from the "using-state decision A" in step S214
to step S215, it is decided whether a defrost timing is
reached (S215). When it is decided that time of the timer
tc exceeds the defrosting cycle ty4 (S215, YES), the proc-
ess proceeds to step S216, and the defrosting operation
is started. Specifically, arithmetic control unit 163 stops
compressor 170, and starts current conduction to defrost-
ing unit 195. After the defrosting is started, defrosting unit
195 melts and liquefies by heating the frost adhered
around the cooler. Then, the frost adhered to the cooler
is melted and liquefied. Defrosted water flows on the low-
er surface of the cooling chamber. Further, when a tem-
perature of the cooler itself increases and when the tem-
perature sensor fitted to the cooler or a periphery of the
cooler detects a determined or higher temperature, the
defrosting ends (S218).

[0301] Alsoduring the defrosting operation, the above-
described "using-state decision A" process is operated,
and a storage volume change is decided (S217).
[0302] After ending the defrosting, the process pro-
ceeds to step S219. When it is continuously decided that
the storage change volume AM is smaller than the thresh-
old value and when "1" is being set to Flag A (S219,
YES), itis decided that the absent state is continued, and
the process proceeds to the "absence detection B" proc-
ess in step S220. On the other hand, when it is decided
that the storage change volume AM is larger than the
threshold value Mc and when "0" is being set to Flag A
(8219, NO), the process proceeds to the "absence de-
tection A" process in step S221. In this case, the above-
described "absence detection A" process is performed
again.

[0303] Next, the "absence detection B" process for de-
ciding extension of a defrosting cycle is described with
reference to FIGS. 28D to 28F.

[0304] As a condition for proceeding to the "absence
detection B" process, as described in the above control
flowchart, it is a premise that it is forecast that the storage
change volume AM from the end of a second last defrost-
ing is smaller than the threshold value Mc, a person is
not present, and a storage change is small.

[0305] After the process proceeds to the "absence de-
tection B" process, in step S252, as a preparation, an
initial value "1" is set to Flag B for deciding a defrosting
cycle determined by a storage change, "0" is set to the
timer tc, and the next defrosting cycle ty4 is set. In step
S253, the cooling operation is started. Next, in step S254,
the "using-state decision B" process is controlled.
[0306] The "using-state decision B" process is de-
scribed with reference to FIG. 28E. After the process pro-
ceeds to the "using-state decision B" process, the proc-
ess proceeds to step S272, and it is decided whether "1"
is being set to Flag B. When "1" is being set to Flag B
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(S272, YES), it is decided that there was not storage
volume change in the past, and the process proceeds to
step S273. On the other hand, when other than "1" is
being set to Flag B (S272, NO), it is decided that there
was a storage volume change in the past, and the using-
state decision B ends without performing the storage-
volume change decision.

[0307] After the process proceeds to step S273, it is
decided whether the storage change volume AM as a
difference between the standard storage volume mem-
orized in memory unit 194 and a latest storage volume
is equal to or smaller than the predetermined threshold
value Mc. When the storage change volume AM is equal
to or smaller than the predetermined threshold value Mc
(S273, YES), the process proceeds to step S274, Flag
B is maintained at"1" (Flag A is also kept at"1"), and the
"using-state decision B" process ends.

[0308] On the other hand, when the storage change
volume AM is larger than the predetermined threshold
value Mc (S273, NO), the process proceeds to step S275.
Then, it is decided that there was a storage volume
change, that is, the user is at home (by returning home)
and uses refrigerator 150, "0" is set to Flag A and Flag
B, and the using-state decision B ends.

[0309] Inthis way, a storage state in the storage cham-
ber is detected. When a change in the storage state is
not continuous (small), it can be decided that there is no
storage change because the refrigerator is not being
used due to absence. By accumulating this information,
long-term absence can be decided.

[0310] Referring back to FIG. 28D, after the "using-
state decision B" process in step S254 ends, it is decided
whether a defrost timing is reached, in step S255. When
time ofthe timer tc exceeds the defrosting cycle ty (5255,
YES), the process proceeds to step S256. On the other
hand, when time of the timer tc is equal to or smaller than
the defrosting cycle ty; (S255, NO), the using-state de-
cision B (S254) is repeatedly performed.

[0311] Instep S255, when time of the timer tc exceeds
ty1, the process proceeds to step S256, and it is decided
whether "1" is being set to Flag B. When "1" is being set
to Flag B, it is decided that there is no storage volume
change and that the absent state is continued, and the
process proceeds to step S257. In step S257, the de-
frosting cycle ty4 is extended to ty, (for example, a cycle
that is normally 14 hours is extended to 26 hours).
[0312] On the other hand, in step S256, when other
than"1"is being set to Flag B, after starting the "absence
detection B" control, itis decided that there was a storage
change, that is, a state changed to the presence state.
Then, the process immediately proceeds to step S265,
and defrosting is started. After normally performing the
defrosting, the defrosting ends in step S266, and the
process proceeds to the "absence detection A" process
in step S267.

[0313] When the defrosting cycle is extended in step
S257, the process proceeds to the "using-state decision
C" process in step S258.
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[0314] The "using-state decision C" process is de-
scribed with reference to the control flowchart in FIG.
28F. After the process proceeds to the "using-state de-
cision C" process, in step S282, it is decided whether the
storage change volume AM between the standard stor-
age volume memorized in memory unit 194 and a latest
storage volume is equal to or smaller than the predeter-
mined threshold value Mc. When it is decided that the
storage change volume AM is equal to or smaller than
the predetermined threshold value Mc (S282, YES), the
using-state decision C ends.

[0315] On the other hand, when the storage change
volume AM is larger than the predetermined threshold
value Mc (S282, NO), the process immediately proceeds
to step S284, and the defrosting operation is performed.
After ending the defrosting operation (S285), the process
proceeds to the "absence detection A" process (S286).
[0316] In the above description, the control of immedi-
ately performing the defrosting operation is described.
However, by estimating the cooling capacity of the cooler,
when there is some room even when the defrosting is
not immediately performed, start of the defrosting may
be extended to the timing of the defrosting cycle ty,.
[0317] Referring back to FIG. 28D, after the "using-
state decision C" process in step S258 ends, arithmetic
control unit 163 decides whether time of the timer tc ex-
ceeds the defrosting cycle ty,. When the time of the timer
tc does not exceed the defrosting cycle ty,, (5259, NO)
the "using-state decision C" process is repeated.
[0318] On the other hand, when time of the timer tc
exceeds a defrosting cycle ty,, the process proceeds to
step S260, and the defrosting operation is started. During
the defrosting, the process proceeds to step S261 in FIG.
28D, and the "using-state decision B" process is per-
formed. After ending the defrosting in step S262, the
process proceeds to step S263. In step S263, itis decided
whether "1" is being set to Flag B.

[0319] When "1" is being set to Flag B for deciding a
defrosting cycle to be determined based on a storage
volume change (S263, YES), it is decided that absence
continues, and the process proceeds to the "absence
detection B" process. On the other hand, when other than
"1" is being set to Flag B (S263, NO), it is decided that
the absentstate was canceled, and the process proceeds
to the "absence detection A" process (S267).

[0320] Concerningthe "absence detection B" process,
although Flag B is set, it is also possible to perform pro-
gram designing by using only Flag A. Next, this control
is described with reference to the control flowchartin FIG.
28G.

[0321] When itis decided that the user is absent from
decision in step S219 in FIG. 28B and when the process
proceeds to the "absence detection B" process, the proc-
ess proceeds to the control flow in FIG. 28G.

[0322] After the process proceeds to the "absence de-
tection B" process, in step S302, "0" is set to the timer
tc, and the defrosting cycle ty, (defrosting cycle when the
user is absent) is set to a predetermined value ("1" is
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being set to Flag A from the preceding routine).

[0323] Next, after the cooling operation is started in
step S303, the "using-state decision A" process de-
scribed with reference to FIG. 28C is performed (S304).
[0324] Next, in step S305, the time of the timer tc is
compared with the normal defrosting cycle ty;,. When the
time of the timer tc does not exceed the defrosting cycle
ty1 (8305, NO), the "using-state decision A" process is
continuously performed (S304). When the time of the tim-
er tc exceeds the defrosting cycle ty; (S305, YES), the
process proceeds to the "using-state decision D" process
in step S306.

[0325] The "using-state decision D" process in step
S306 is described with reference to FIG. 28H.

[0326] After the process proceeds to the "using-state
decision D", in step S322, it is decided whether "1" is
being set to Flag A for deciding a defrosting cycle to be
determined based on a storage change.

[0327] When "1" is being set to Flag A (S322, YES),
the process proceeds to step S323. In step S323, it is
decided whether the storage change volume AM be-
tween the storage volume memorized in memory unit
194 and a latest storage volume is equal to or smaller
than the predetermined threshold value Mc.

[0328] When the storage change volume AM is equal
to or smaller than the predetermined threshold value Mc
(S323, YES), the "using-state decision D" process ends.
When the storage change volume AM is larger than the
predetermined threshold value Mc, the process proceeds
to step S325, and the defrosting operation is performed.
After ending the defrosting operation (S326), the process
proceeds to the "absence detection A" process (S327).
[0329] In step S322, when other than "1" is being set
to Flag A (S322, NO), it is decided that there was a stor-
age volume change, and the process proceeds to step
S325, and the defrosting operation is performed. After
ending the defrosting operation (S326), the process pro-
ceeds to the "absence detection A" process.

[0330] Referring back to FIG. 28G, after the "using-
state decision D" process ends, the process proceeds to
step S307, and it is decided whether the time of the timer
tc exceeds the defrosting cycle ty,.

[0331] When the time of the timer tc does not exceed
the defrosting cycle ty, (S307, NO), the "using-state de-
cision D" process is continuously repeated. On the other
hand, when the time of the timer tc exceeds the defrosting
cycle ty, (S307, YES), the process proceeds to step
S308, and the defrosting is started.

[0332] In step S308, defrosting is started. The "using-
state decision A" process is performed in step S309 until
the defrosting ends in step S310.

[0333] After ending the defrosting in step S310, the
process proceeds to step S311, and itis decided whether
"1" is being set to Flag A for deciding a defrosting cycle
to be determined based on a storage change. When "1"
is being set to Flag A (S311, YES), it is decided that the
absent state is continued, and the process proceeds to
the "absence detection B" process (S312). On the other
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hand, when "1" is not being set to Flag A (S311, NO), it
is decided that the user is at home by canceling the ab-
sent state. The process proceeds to step S313, and pro-
ceeds to the "absence detection A" process.

[0334] As described above, according to refrigerator
150 of the present embodiment, it decided that when
there is no storage change, a person is not present, that
is, the user is in the absent state, or, it is decided that
using frequency of refrigerator 150 is low even when the
user is at home, and this state continues for predeter-
mined time. When a volume of frost adhered to the cooler
is small and when it is decided that there is sufficient
cooling capacity, power used for the heater can be de-
creased and in-refrigerator temperature increase can be
prevented, by automatically cutting off (decreasing) the
defrosting operation. Accordingly, a high freshness pres-
ervation characteristic can be improved by achieving en-
ergy saving and by further suppressing a temperature
variation.

[0335] Next, an operation image of a defrost timing is
described with reference to FIGS. 29A to 29D. FIG. 29A
is an operation image diagram of a basic defrost timing
of refrigerator 150 according to the sixth embodiment of
the present invention. FIG. 29B is an operation image
diagram of a defrost timing of refrigerator 150 when the
user returns home. FIG. 29C is an operation image dia-
gram when there is a time safe in a defrost time of refrig-
erator 150. FIG. 29D is an operationimage diagram when
the user is absent during defrosting in refrigerator 150.
[0336] When the user leaves for a travel or for home-
coming, it can be assumed thatthe user opens and closes
the door of the refrigerator and takes in and out food until
before leaving. Therefore, there is a case that a certain
level of frost is adhered to the cooler. Depending on the
case, a large volume of frost that hinders the cooling is
adhered to the cooler.

[0337] Assuming that the user left for a travel at the A
pointin FIG. 29A, a subsequent storage volume change
is basically extremely small, and the door is not basically
opened or closed until the user returns home. After a
lapse of a certain time, defrosting is started at the B point,
and frost is melted and discharged. Therefore, current is
conducted to a defrosting heater as defrosting unit 195.
After ending the defrosting at the B point, the cooler re-
turns to a state having no frost.

[0338] Next, the cooling operation is performed be-
tween the B and C points. However, during this period,
because the user is absent, there is no door opening-
and-closing, and a volume of frost adhered to the cooler
is extremely small. However, when an interval between
the A and B pointsis extremely small and also when there
was input of a large volume of food or door opening-and-
closing before defrosting, an in-storage-chamber tem-
perature after ending the defrosting at the B point is rel-
atively high, and a volume of water vapor contained in
the storage chamber is also large. Therefore, although
the inside of the storage chamber is sufficiently cooled
to a set temperature by the cooling operation after the B
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point, there is a possibility that much of the water vapor
after dehumidification and cooling inside the storage
chamber is adhered to the cooler as frost.

[0339] Therefore, after the cooling operation between
the B and C points, when the normal defrosting cycle is
reached, the normal defrosting operation is performed
and the remaining frost is removed. When the absent
state is also continued at the C point, the in-refrigerator
temperature is a sufficient cooling temperature, and the
cooling operation can be continued to a D point while
keeping sufficient cooling performance by the cooling op-
eration between C and D points.

[0340] When the absent state is also continued be-
tween the C and D points, upon reaching the defrost tim-
ing D point, refrigerator 150 according to the presentem-
bodiment detects that there is no storage change. When
it is decided that the absent state is continued accord-
ingly, the defrosting operation at the D point is cut off
because there is also sufficient cooling capacity. By con-
tinuing the cooling operation, heater input can be de-
creased and in-refrigerator temperature increase due to
defrosting can be suppressed. Accordingly, energy sav-
ing can be achieved. Further, by securely performing the
defrosting operation at the extended E point, cooling per-
formance can be accurately secured.

[0341] As shown in FIG. 29B, when the user returns
home at any time between D and E points and thereafter
when it is detected that there was a change in a storage
volume in refrigerator 150, the defrosting operation is im-
mediately performed at an X point. A cooling volume is
secured, and the defrosting operation is performed after
the cycle is returned to the normal defrosting cycle ty;
and after the time reaches a Y point.

[0342] However, when there is still sufficient cooling
capacity at the X point and also when a possibility of
occurrence of cooling shortage is small, the defrosting
operation may be continuously extended.

[0343] Onthe other hand, as shown in FIG. 29C, there
is a case that a certain extremely high load enters the
storage chamber or a large volume of frost is adhered to
the cooler before the user leaves for a travel. At this time,
there is a case that although there is no door opening-
and-closing after an A’ point when the user leaves for a
travel, there is already a large volume of frosting, and by
the defrosting at a B’ point, a temperature does notreach
a predetermined temperature even when the time is at
an upper limit value (60 minutes, for example) in a pre-
determined defrosting time and the defrosting ends. In
this case, by setting a next defrosting cycle to tyg shorter
than ty4, the cooling operation can be performed to a C’
point, for example.

[0344] Next, by performing the defrosting operation at
the C’ point, when the defrosting time ends within a pre-
determined time, the cooling operation is performed
again in the normal cycle ty4. Then, the defrosting oper-
ation is performed again at the D’ point continuously at
two times, and the defrosting operation ends. When a
storage volume change is small, the defrosting cycle is
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changed to ty,, and the cooling operation is performed
continuously.

[0345] When the door is opened and closed before an
E’ point, the defrosting cycle is returned to ty4, and the
defrosting operation is performed when the E’ point is
reached. When there was a storage change between E’
and F’ points, the defrosting operation isimmediately per-
formed at the time point of detecting the storage change.
When there is no storage change up to the F’ point, the
defrosting operation is performed at a timing of the F’
point. That is, by cutting off the defrosting operation that
is normally performed at the E’ point, energy saving is
achieved.

[0346] Further, as shown in FIG. 29D, when the user
left for a travel during the defrosting, there is a possibility
that the door was opened and closed and food was input
during the defrosting. In such a case, the defrosting op-
eration is performed at two times at a B" point and a C"
point as is normally performed. When it is decided that
absence continues, the defrosting operation at a next
D" pointis cut off, and the cooling operation is continued.
[0347] As described above, in the present embodi-
ment, energy saving can be achieved by suppressing a
defrosting operation which is performed with a high heat-
er input regardless of sufficient cooling capacity with a
small volume of frost adhered to the cooler. Further, be-
cause a temperature increase can be prevented, a fresh-
ness preservation characteristic can be improved.
[0348] Further, in the present embodiment, by extend-
ing the defrosting cycle, a number of times of defrosting
can be decreased and a temperature variation can be
also suppressed. Accordingly, because a freshness
preservation characteristic is improved and a number of
times of operation decreases, a temperature increase in
defrosting unit 195 and the peripheral member can be
decreased, and reliability improves.

[0349] In the present embodiment, the defrosting op-
eration is controlled by detecting a storage change, and
energy saving is achieved. However, gradual cooling can
be performed by lowering a rotation number of compres-
sor 170 and a rotation number of cooling fan 171, or fur-
ther energy saving can be achieved by loweringa number
of ON/OFF times of compressor 170, for example.
[0350] When the user is absent, it is considered that
there is no temperature increase in food due to door
opening-and-closing. Therefore, a set temperature in the
storage chamber can be set higher than a normal tem-
perature (higher by about 1 K). Accordingly, energy sav-
ing can be achieved.

[0351] In the present embodiment, detection of ab-
sence of the user is performed by using a storage volume
change. However, the present invention is not limited to
this example. For example, an absent state may be de-
tected based on a rapid change in an output value of an
illuminance sensor set on an outside surface of the re-
frigerator such as adoor surface and capable of detecting
a door open-and-close operation and an illuminance
change in the chamber, or based on a detection of an
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operation of a person such as when an illumination is
turned on or when a curtain is opened, or based on a
change in a temperature sensor of a set environmentdue
to turning on of an air conditioning apparatus. In this case,
a person'’s lifestyle habit can be accurately detected.
[0352] Inthe presentembodiment, although a value of
Flag is "0" or "1", the present invention is not limited to
this example. For example no change may be set as "1",
increase may be set as "2", and decrease may be set as
"0". In this case, the cooling operation can be performed
further in detail.

[0353] Inthe presentembodiment, although a value of
Flag is "0" or "1", the present invention is not limited to
this example. For example, an analog detection output
value (value obtained by converting a voltage volume of
0to 5V, for example) may be used. In this case, because
astorage level can be detected further in detail, a detailed
control matching a food volume and a change volume
becomes possible.

[0354] Inthepresentembodiment, a person’s behavior
pattern is forecasted and a using state of the refrigerator
is estimated, and a defrosting cycle and an application
voltage are changed by matching the forecast and the
estimation. Accordingly, a freshness preservation char-
acteristic of storage object 173 can be improved, by
achieving energy saving by decreasing unnecessary
heating by setting an optimum defrosting cycle and an
application voltage of defrosting unit 195 and by sup-
pressing a temperature variation.

[0355] When a change in a storage volume is smaller
than a predetermined threshold value, an interval for op-
erating defrosting unit 195 is extended. In this case, when
there is little operation by a person, that is, when absence
is decided and when this absent state continues for a
constant period or more, a defrosting cycle is extended.
Accordingly, a freshness preservation characteristic can
be maintained by decreasing unnecessary heating of de-
frosting unit 195, and by suppressing a temperature var-
iation while achieving energy saving.

[0356] With a time point after operation of defrosting
unit 195 as a base point, when there is a constant number
or more of a period during which there is no door opening-
and-closing, and alsowhen a changein a storage volume
during this period is smaller than a predetermined thresh-
old value, an interval for operating defrosting unit 195 is
extended. Accordingly, a person’s behavior pattern can
be understood and forecasted in high precision, and ab-
sence can be decided in high precision. Therefore, fur-
ther energy saving can be achieved.

[0357] With atime point after a lapse of a certain con-
stant time after operation of defrosting unit 195 as a base
point, when a temperature variation in the storage cham-
ber is equal to or smaller than a certain threshold value,
or when a change in a storage volume during this period
is smaller than a predetermined threshold value, an in-
terval for operating defrosting unit 195 is extended. Ac-
cordingly, by understanding a heatload which is basically
important for refrigerator 150, a more accurate using
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state can be understood. Consequently, at the absent
time, further energy saving can be achieved by extending
the defrosting cycle.

[0358] Further, the storage-state detecting means is
configured by a light source and an optical sensor set in
the storage chamber. Accordingly, because the irradia-
tion light of the light source is spread in a whole inside
of the refrigerator by repeating reflection in the storage
chamber, and is incident to the optical sensor. Therefore,
a storage state can be detected with a small number of
parts and also in a simple configuration.

[0359] Inthe case of using a light source of the storage-
state detecting means also for in-refrigerator illumination,
a storage state can be detected in a simple configuration
without additionally providing a light source.

[0360] Further, when the light source of the storage-
state detecting means is configured by a plurality of
LEDs, light of high light intensity is incident to the optical
sensor. Therefore, detection sensitivity of the optical sen-
sor based on a storage state can be enhanced. Further,
by lighting a plurality of LEDs respectively at different
positions, because a detection value of the optical sensor
changes depending on a storage state and the LED to
be lit, the storage state can be estimated further in detail.
[0361] Refrigerator 150 according to the present em-
bodiment includes a storage chamber for storing a stor-
age object, partitioned by a heat insulation wall and a
heat insulation door, a cooler for cooling the storage
chamber, and defrosting unit 195 for defrosting the cool-
er. Further, refrigerator 150 includes storage-volume es-
timating unit 162 for estimating a storage volume in the
storage chamber, and memory unit 194 for memorizing
a result of estimation by storage-volume estimating unit
162. Further, refrigerator 150 includes arithmetic control
unit 163 that calculates a storage change volume based
on a result of estimation up to a last time in memory unit
194 and a result of estimation by storage-volume esti-
mating unit 162, and that controls an output operation of
defrosting unit 195. Arithmetic control unit 163 controls
an interval for operating defrosting unit 195 at a next time
from a calculation result of a storage change volume in
the storage chamber.

[0362] Further, arithmetic control unit 163 decides that
there is no change in a storage volume when a storage
change volume in the storage chamber does not exceed
a predetermined threshold value within predetermined
time, and extends an interval for operating defrosting unit
195 at a next time.

[0363] Accordingly, when a storage volume change is
small, a defrosting cycle can be extended and an energy-
saving characteristic can be improved.

[0364] Further, refrigerator 150 includes door-open-
close detecting unit 192 for detecting opening and closing
of a heatinsulation door. With a time point after operation
of defrosting unit 195 as a base point, when a period
during which a heat insulation door is not opened or
closed is equal to or larger than a constant time, arith-
metic control unit 163 extends an interval for operating
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defrosting unit 195.

[0365] Accordingly, triggered by the door opening-and-
closing, detection precision can be improved.

[0366] Refrigerator 150 includes temperature sensor
191 as temperature detecting means for detecting a tem-
perature in the storage chamber. With a time point after
a lapse of a certain constant time after operation of de-
frosting unit 195 as a base point, when a temperature
variation in the storage chamber is equal to or smaller
than a certain predetermined value, arithmetic control
unit 163 extends the interval for operating defrosting unit
195.

[0367] Accordingly, by considering a temperature de-
tected by the temperature detecting means, further de-
tection precision can be improved.

[0368] When a calculation result of a storage change
volume in the storage chamber is in a decrease direction,
arithmetic control unit 163 can also extend an interval for
operating at a next time defrosting unit 195.

[0369] Accordingly, when a calculation result of a stor-
age change volume in the storage chamber is in a de-
crease direction, it is decided that a load decreases.
Therefore, by controlling the defrosting cycle to be ex-
tended, an energy-saving characteristic can be further
improved.

[0370] In the present embodiment, operations are de-
scribed by assuming user absence due to a travel and
the like. However, when using frequency of the refriger-
ator is low during temporary presence of the user (when
a change in the storage volume is small although there
is door opening-and-closing to some extent), a similar
arithmetic control can be performed. Accordingly, even
when the door-open-close detecting unit assumes ab-
sence in a state of no opening-and-closing of the door,
itis also possible to manage when achangein the storage
volume is small although there is door opening-and-clos-
ing to some extent. Consequently, an energy-saving
characteristic can be further improved.

SEVENTH EXEMPLARY EMBODIMENT

[0371] Next, a seventh embodiment according to the
present invention is described.

[0372] FIG. 30 is an operation image diagram of a de-
frost timing according to the seventh embodiment of the
present invention, and FIGS. 31A and 31B are control
flowcharts according to the same embodiment.

[0373] In the present embodiment, portions different
from those in the configuration described in the sixth em-
bodiment are mainly described in detail. A detailed de-
scription is omitted for portions of which configurations
are the same as those in the sixth embodiment and por-
tions to which the same technical idea can be applied.
The configurations described in the sixth embodiment
can be applied in combination with the present embodi-
ment.

[0374] In general, when a user leaves a house for a
travel or for homecoming, a food volume in refrigerator
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150 tends to decrease during a process up to a departure
day. This is because food has a freshness expiration
date, and when the user is absent for a long period, a
possibility that food of which a freshness expiration date
expires is stored becomes high. Therefore, the food must
be disposed of. To prevent this situation, a tendency of
efficiently using all food before a departure is prominent.
For this reason, a volume of food stored in the storage
chamber tends to become small.

[0375] Then, during a period of a normal use of the
refrigerator, the storage volume is occasionally detected
and calculated. A result of the calculation is stored in
memory unit 194 and is set in a database, and a standard
storage volume Ms is calculated.

[0376] When the user becomes absent for a long pe-
riod due to an overseas traveling, homecoming, or along-
term business trip, for example, itis detected beforehand
that a storage volume in the storage chamber is a storage
volume Mb that is smaller than that when the refrigerator
is normally used.

[0377] A difference AMd between the storage volume
Mb and a standard storage volume Ms is compared with
a difference AMe between a predetermined absence-de-
cision storage volume Mo (a fixed value, or a value ob-
tained by multiplying o (0.8, for example) to the standard
storage volume Ms) and the standard storage volume
Ms. At this time, when AMd is larger than AMe, it is de-
cided that there is a possibility of absence of the user,
and the process proceeds to the "absence detection"
process. In other cases, the cooling operation is per-
formed as normally performed. When the "absence de-
tection" process is performed, the above-described de-
frost control is performed, and the defrosting operation
is cut off. Consequently, energy saving can be achieved.
[0378] Operations are described with reference to the
control flowchartin FIGS. 31A and 31B. Because an out-
line is described with reference to FIGS. 28B and 28C,
only detailed portions are described by omitting duplicat-
ed portions.

[0379] In the "absence detection A" process in FIG
31A, various parameters are set in step S212. Next, in
step S213, the timer tc is started, and the process pro-
ceeds to step S222.

[0380] In step S222, a difference AMd between a cur-
rent calculated storage volume Mb and the standard stor-
age volume Ms is compared with a difference AMe be-
tween the current calculated storage volume Mb and the
absence decision storage volume Mo. When AMd is larg-
er than AMe (S222, YES), it is decided that the refriger-
ator is used in a method different from the normal method.
"1" is kept set in Flag A by assuming that a possibility of
user absence is high (S223).

[0381] On the other hand, when AMe is equal to or
larger than AMd (S222, NO), it is decided that the refrig-
erator is used in the normal method and the user is at
home, and "0"is set to Flag A (S224). Then, in step S214
afterward, the operations are the same as those de-
scribed with reference to FIG. 28B in the sixth embodi-
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ment.

[0382] Further, as a separate processing flow, opera-
tions are described with reference to FIG. 31B.

[0383] In FIG. 31B, after the using-state decision A is
started, in step S232, it is decided whether "1" is being
set to Flag A.

[0384] When "1" is being set to Flag A (S232, YES),
the process proceeds to step S239. In step S239, a dif-
ference AMd between a current calculated storage vol-
ume Mb and the standard storage volume Ms is com-
pared with a difference AMe between the current calcu-
lated storage volume Mb and the absence decision stor-
age volume Mo. When AMd is larger than AMe (S239,
YES), itis decided that the refrigeratoris usedin amethod
different from the normal method, assuming that the use
is absent, and the process proceeds to step S233. When
the change volume AM of the storage volume is equal to
or smaller than the predetermined threshold value Mc,
in step S234, "1" is kept setin Flag A. When AMe is equal
to or larger than AMd (S239, NO), and also when the
change volume AM of the storage volume is equal to or
larger than the predetermined threshold value Mc (S233,
NO), itis decided thatthe refrigeratoris usedin the normal
method and the user is at home, and the process pro-
ceeds to step S235 and "0" is set to Flag A. The "using-
state decision A" process is ended, and the process pro-
ceeds to a main routine.

[0385] As described above, in the present embodi-
ment, by calculating and standardizing the normal stor-
age state, when the storage is in a state decreased from
the assumed storage state, it is decided that the user is
inthe absentstate. By controlling the defrosting operation
and the like, energy saving can be achieved.

EIGHTH EXEMPLARY EMBODIMENT

[0386] Next, an eighth embodiment according to the
present invention is described.

[0387] FIGS. 32A and 32B are control flowcharts ac-
cording to the eighth embodiment of the present inven-
tion.

[0388] The configurations described in the sixth em-
bodiment and the seventh embodiment can be applied
in combination with the present embodiment.

[0389] After the process proceeds to the "absence de-
tection A" process in FIG. 32A, various parameters are
set in step S332. Specifically, "0" is set to the number of
door opening-and-closing times Dn, "1" is set to Flag A,
"0" is set to the timer tc, and the defrosting cycle ty4 is
setto apredetermined value. Next, the process proceeds
to step S213, the timer tc is started, and the process
proceeds to the "using-state decision A" process in step
S214.

[0390] The "using-state decision A" process according
to the present embodiment is described with reference
to FIG. 32B.

[0391] After starting the "using-state decision A" proc-
ess, in step S232, it is decided whether "1" is being set
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to Flag A. When "1" is being set to Flag A (S232, YES),
the process proceeds to step S333.

[0392] In step S333, itis decided whether the storage
change volume AM is equal to or smaller than the pre-
determined threshold value Mc or whether the number
of door opening-and-closing times is "0". When the stor-
age change volume AM is equal to or smaller than the
predetermined threshold value Mc or when the number
of door opening-and-closing times is "0" (S333, YES), it
is decided that the user is in the absent state, and "1" is
kept set in Flag A (S234).

[0393] On the other hand, when the storage change
volume AM is larger than Mc or when the number of door
opening-and-closing times is not "0", it is decided that
there is a possibility that the user is at home. In step
S235, "0" is set to Flag A, the "using-state decision A"
process ends, and the process proceeds to the main rou-
tine.

[0394] By these controls, in addition to the storage
change, the number of door opening-and-closing times
can be also used as decision indexes of "presence" and
"absence" of the user. Accordingly, the absence detec-
tion can be performed in higher precision, and energy
saving can be achieved.

[0395] As described above, according to the present
embodiment, with a time point after operation of the de-
frosting unit as a base point, when a period during which
there is no door opening-and-closing is equal to or larger
than a constanttime, and alsowhen achange in a storage
volume during this period is smaller than a predetermined
threshold value, the defrosting unit is not operated. Ac-
cordingly, when a storage volume decreases from the
assumed storage state, it is decided that the user is in
the absent state, and energy saving can be achieved by
controlling the proper defrosting operation and the like.

NINTH EXEMPLARY EMBODIMENT

[0396] Next, a ninth embodiment according to the
present invention is described.

[0397] FIGS. 33A and 33B are control flowcharts ac-
cording to the ninth embodiment of the present invention.
The configurations described in the sixth embodiment to
the eighth embodiment can be applied in combination
with the present embodiment.

[0398] After the process proceeds to the "absence de-
tection A" process in FIG. 33A, various parameters are
set in step S342. Specifically, "1" is set to Flag A, "0" is
set to the timer tc, and the defrosting cycle ty4, a cold
compartmenttemperature variation Tpc, and the freezing
compartment temperature variation Tg¢ are set, respec-
tively.

[0399] Next, the process proceeds to step S213, the
timer tcis started, and the process proceeds to the "using-
state decision A" process in step S214.

[0400] The "using-state decision A" process according
to the present embodiment is described with reference
to FIG. 33B.
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[0401] After starting the "using-state decision A", in
step S232, it is decided whether "1" is being set to Flag
A.When "1"is being set to Flag A (S232, YES), the proc-
ess proceeds to step S343.

[0402] In step S343, itis decided whether the storage
change volume AM is equal to or smaller than the pre-
determined threshold value Mc, whether the cold com-
partment temperature variation Tp¢ is smaller than the
predetermined variation width Tpcg, or whether the freez-
ing compartment temperature variation Tgq is smaller
than the predetermined variation width Tgcg. When any
one of the relationships is satisfied (S343, YES), itis de-
cided that there is no input of food or there is no door
opening-and-closing or heat load, and it is decided that
the user is absent. "1" is kept set in Flag A (S234), and
the "using-state decision A" process ends.

[0403] On the other hand, when the storage change
volume AM is larger than the threshold value Mc, and
also when the cold compartment temperature variation
Tpc and the freezing compartment temperature variation
Tgc are equal to or larger than the predetermined varia-
tion widths Tpcg and Tg¢g, respectively, itis decided that
there is a possibility that the user is at home. In this case,
instep S235, "0" is setto Flag A, the "using-state decision
A" process is ended, and the process proceeds to the
main routine.

[0404] By the above-described process, in addition to
the storage change, the temperature variation can be
also used as decision indexes of "presence" and "ab-
sence" of the user. Accordingly, the absence detection
can be performed in higher precision, and energy saving
can be achieved.

[0405] As described above, according to the present
embodiment, with a time point after a lapse of a certain
constant time after operation of the defrosting unit as a
base point, when a temperature variation in the storage
chamber is equal to or smaller than a certain threshold
value, or when a change in a storage volume during this
period is smaller than a predetermined threshold value,
an interval for operating the defrosting unit is extended.
Accordingly, further energy saving can be achieved.

INDUSTRIAL APPLICABILITY

[0406] As described above, the refrigerator according
to the present invention can start a rapid cooling opera-
tion by increasing rotation numbers of a compressor and
a cooling fan without generating a time difference from
input of a storage object. Therefore, the refrigerator is
useful as a household refrigerator or a business refrig-
erator that has a storage volume detecting function and
changes over the operation mode to the power-saving
operation and the like by using a detection result.

REFERENCE MARKS IN THE DRAWINGS

[0407]
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4, 4a, 4b cold-air blowing opening

11, 151 refrigerator main body

11a inner box

11b outer box

12, 152 cold compartment

12a, 152a cold compartment door

12b low-temperature compartment

13, 153 ice compartment

14, 154 change compartment

15, 155 freezing compartment

16, 156 vegetable compartment

17, 157 operating unit

18a to 18d, 158 storage shelf

19, 159 illuminating unit

20, 20a to 20e, 160 light emitting unit
21, 21a to 21f, 161 light-volume detecting unit
22, 163 arithmetic control unit

23, 162 storage-volume estimating unit
24 comparison-information deciding unit
25 change-information deciding unit
27a to 27c door shelf

28a to 28d air-volume adjusting unit

30, 170 compressor

31, 171 cooling fan

32, 172 temperature compensation heater
33, 173 stored object

34a, 34b, 174a irradiation light

50, 150 refrigerator

61, 191 temperature sensor

62, 192 door-open-close detecting unit
63 outer-air temperature sensor

64, 194 memory unit

65 operation-start deciding unit

66 operation-end deciding unit

67, 193 damper

68, 195 defrosting unit

70 temperature-information deciding unit
71 door-open-close information deciding unit
72 out-refrigerator illuminance sensor
91 display unit

196 timer

Claims

A refrigerator comprising:

a storage chamber partitioned by a heat insula-
tion wall and a heat insulation door, for storing
a storage object;

a storage-volume estimating unit for estimating
a storage volume in the storage chamber;

a memory unit for memorizing a result of esti-
mation by the storage-volume estimating unit;
and

an arithmetic control unit for calculating a stor-
age change volume based on a result of estima-
tion of the storage volume up to a last time mem-
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orized in the memory unit and a result of esti-
mation by the storage-volume estimating unit,
and for controlling an output operation of an
electrofunctional part,

wherein the arithmetic control unit compares a
predetermined threshold value with the storage
change volume, and decides that the storage
volume has changed when the storage change
volume exceeds the threshold value, and con-
trols the output operation of the electrofunctional
part.

The refrigerator according to claim 1, further com-
prising adoor-open-close detecting unitfor detecting
opening and closing of the heat insulation door,
wherein the arithmetic control unit controls the output
operation of the electrofunctional part when the stor-
age change volume between the storage volume be-
fore an open operation of the heat insulation door
and the storage volume after a close operation of
the heat insulation door exceeds the predetermined
threshold value, based on a result of detection by
the door-open-close detecting unit.

The refrigerator according to claim 2,

wherein the arithmetic control unit calculates when
predetermined time elapsed after the door-open-
close detecting unit detects the close operation of
the heat insulation door, and controls the output op-
eration of the electrofunctional part.

The refrigerator according to claim 1,

wherein when the storage change volume does not
exceed the threshold value, the arithmetic control
unitdoes notchange the output operation of the elec-
trofunctional part.

The refrigerator according to any one of claims 1to 4,
wherein the electrofunctional part includes at least
one of a cooling fan, a damper, and a compressor
for changing a cooling volume in the storage cham-
ber.
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