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(54)
HEATER AND ELECTRONIC DEVICE

(567)  Provided in the embodiments of the present ap-
plication are an automatic control method and apparatus
for a water heater, and a water heater and an electronic
device. In the embodiments of the present application,
corresponding water heater set temperatures for differ-
ent time periods during a future water usage process are
predicted according to water usage volumes correspond-
ing to different time periods during a historical water us-
age process and to water usage volumes that a water
heater can supply at different settemperatures, and thus,
the water heater is controlled according to the corre-
sponding water heater set temperatures, obtained
through prediction, for the different time periods during
the future water usage process. It can be seen that the
embodiments of the present application realizes an au-
tomatic control method for a water heater that can be
adaptive to a water usage behavior of a user, and the
user does not need to manually reserve the temperature
of the water heater, thereby realizing the intelligent con-
trol of the water heater.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to Chi-
nese patent application No. 2019108757046 filed on
September 17, 2019, entitled "Automatic Control Method
and Device for Water Heater, Water Heater and Elec-
tronic Device".

FIELD OF TECHNOLOGY

[0002] The present application relates to the technical
field of intelligent control, and in particular to a method
and a device for automatically controlling a water heater,
water heater and an electronic device.

BACKGROUND

[0003] During the use of an electric water heater, most
users will seta temperature of the water heater ata higher
level permanently and run it 24 hours a day, but the elec-
tric water heater is only used a little time during each day,
and is in idle state during most time of the day, and thus
it will cause wasting energy.

[0004] The above-mentioned problem has always
been pain points in the use of the water heater. The user
expects to lower the temperature or even turn off the
water heater during not being used so as to save energy.
The current solution solves this problem mainly through
manual operation by the user.

[0005] However, the manual operation has problems
such as difficult operations, easiness in forgetting, and
poor user experience.

BRIEF SUMMARY

[0006] Inview ofthe problemsinthe priorart, according
to embodiments of the present application, a method and
a device for automatically controlling a water heater, a
water heater, and an electronic device are provided.
[0007] In order to solve the technical problems above,
the following technical solutions are provided according
to embodiments of the present application.

[0008] According to a first aspect of the present appli-
cation, a method for automatically controlling a water
heater is provided, including:

determining amount of water used at different peri-
ods in a historical water usage process;

determining amount of water that the water heater
is able to supply at corresponding different setting
temperatures;

predicting a setting temperature of the water heater
at corresponding different periods in a future water
usage process, based on the amount of water used
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at different periods in the historical water usage proc-
ess and the amount of water that the water heater
is able to supply at different setting temperatures;
and

controlling the water heater based on the predicted
setting temperature of the water heater at corre-
sponding different periods in the future water usage
process.

[0009] Further, the determining the amount of water
used at different periods in a historical water usage proc-
ess specifically includes:

determining the amount of standard-temperature water
used at different periods in the historical water usage
process; wherein the amount of used standard-temper-
ature water is obtained by converting the amount of water
used at different temperature conditions into the amount
of water used at the standard-temperature.

[0010] Further, the determining the amount of stand-
ard-temperature water used at different periods in the
historical water usage process specifically includes:

determining the amount of actually used water, an
intra-tank temperature and an inlet water tempera-
ture at different periods in the historical water usage
process; and

determining, based on the amount of actually used
water, the intra-tank temperature and the inlet water
temperature at different periods in the historical wa-
ter usage process, amount of standard-temperature
water used at different periods in the historical water
usage process by a model of a first preset amount
of used standard-temperature water;

the model of the first preset amount of used standard-
temperature water is a model that represents a cor-
responding relationship between the amount of ac-
tually used water and the amount of used standard-
temperature water at different intra-tank tempera-
tures and inlet water temperatures.

[0011] Further, the model of the first preset amount of
used standard-temperature water is as follows:

1 1,

=0, *| 1+
0i=0¥| 1+ 7=

where Qq represents a first amount of used standard-
temperature water, Qg represents the amount of actually
used water, T, represents the standard-temperature, T,
represents the intra-tank temperature, and T, represents
the inlet water temperature.

[0012] Further, the determining the amount of water
that the water heater is able to supply at different setting
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temperatures specifically includes:

determining the amount of standard-temperature water
that the water heater is able to supply at different setting
temperatures;

[0013] Further, the determining the amount of stand-
ard-temperature water that the water heater is able to
supply at different setting temperatures specifically in-
cludes:

determining, based on different setting tempera-
tures, inlet water temperatures and a rated capacity
of the water heater, the amount of standard-temper-
ature water that the water heater is able to supply at
different setting temperatures by a model of second
preset amount of used standard-temperature water;
the model of the second preset amount of used
standard-temperature water is a model that repre-
sents a corresponding relationship between the rat-
ed capacity of the water heater and the amount of
used standard-temperature water at different setting
temperatures and inlet water temperatures.

[0014] Further, the model of the second preset amount
of used standard-temperature water is as follows:

T.-1
=0 1+—=2—9
0, =041+

where Q, represents a second amount of used standard-
temperature water, Q represents the rated capacity of
the water heater, T, represents the setting temperature,
T, represents the standard-temperature, and T, repre-
sents the inlet water temperature.

[0015] Further, the predicting the setting temperature
of the water heater at corresponding different periods in
the future water usage process, based on the amount of
water used at different periods in the historical water us-
age process and the amount of water that the water heat-
er is able to supply at different setting temperatures spe-
cifically includes:

predicting the setting temperature of the water heater at
different periods in the future water usage process, based
on the amount of standard-temperature water used at
different periods in a historical water usage process and
the amount of standard-temperature water that the water
heater is able to supply at different setting temperatures.
[0016] Further, the predicting the setting temperature
of the water heater at different periods in the future water
usage process, based on the amount of standard-tem-
perature water used at different periods in the historical
water usage process and the amount of standard-tem-
perature water that the water heater is able to supply at
different setting temperatures specifically includes:

determining the setting temperature of the water
heater at different periods of a day in historical water
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usage days, based on the amount of standard-tem-
perature water used at different periods of the day
in the historical water usage days and the amount
of standard-temperature water that the water heater
is able to supply at different setting temperatures;
and

predicting the setting temperature of the water heater
at corresponding different periods of a day in the
future water usage process, based on the setting
temperature of the water heater at different periods
of the day in historical water usage days.

[0017] Further, the predicting a setting temperature of
the water heater at corresponding different periods of the
day in the future water usage process, based on the set-
ting temperature of the water heater at different periods
of the day in historical water usage days specifically in-
cludes:

transmitting the setting temperature of the water
heater at different periods of the day in historical wa-
ter usage days to a client device;

receiving a voting value for the setting temperature
of the water heater at different periods of the day in
historical water usage days transmitted by the client
device; and

predicting the setting temperature of the water heater
at corresponding different periods of the day in the
future water usage process, based on the voting val-
ue for the setting temperature of the water heater at
different periods of the day.

[0018] Further, the predicting the setting temperature
of the water heater at corresponding different periods of
the day in the future water usage process, based on the
setting temperature of the water heater at different peri-
ods of the day in historical water usage days specifically
includes:

determining a highest setting temperature of the wa-
ter heater at different periods of the day, based on
the setting temperature of the water heater at differ-
ent periods of the day in historical water usage days
and

determining the highest setting temperature of the
water heater at different periods of the day as the
setting temperature of the water heater at corre-
sponding different periods of the day in the future
water usage process.

[0019] Further, the method for automatically control-
ling a water heater further includes:

determining atmospheric temperature data at differ-
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ent periods in the future water usage process;

correcting the predicted setting temperature of the
water heater at corresponding different periods of a
day in corresponding future water usage process,
based on the atmospheric temperature data at dif-
ferent periods in a future water usage process and

controlling the water heater based on the corrected
setting temperature.

[0020] Further, the method for automatically control-
ling a water heater further includes:

determining saved power after the water heater is
automatically controlled based on the predicted set-
ting temperature of the water heater at different pe-
riods in the future water usage process;

determining consumed power after the water heater
is automatically controlled based on the predicted
setting temperature of the water heater at corre-
sponding different periods in the future water usage
process; and

determining saved power cost based on the saved
power, the consumed power and a ladder-type pric-
ing model.

[0021] According to a second aspect of the present
application, a device for automatically controlling a water
heater is further provided, including:

a first determiner configured to determine the
amount of water used at different periods in a histor-
ical water usage process;

a second determiner configured to determine the
amount of water that the water heater is able to sup-
ply at different setting temperatures;

a predictor configured to predict a setting tempera-
ture of the water heater at corresponding different
periods in a future water usage process, based on
the amount of water used at different periods in a
historical water usage process and the amount of
water that the water heater is able to supply at dif-
ferent setting temperatures; and

a controller configured to control the water heater
based on the predicted setting temperature of the
water heater at corresponding different periods in a
future water usage process.

[0022] According to a third aspect of the present ap-
plication, a water heater, including the device for auto-
matically controlling a water heater as described in the
second aspect is further provided.
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[0023] According to a fourth aspect of the present ap-
plication, an electronic device, including a processor, and
a memory configured to store computer programs that,
when executed by the processor, causes the processor
to perform a method for automatically controlling the wa-
ter heater in the first aspect is further provided.

[0024] According to a fifth aspect of the present appli-
cation, a non-transitory computer-readable storage me-
dium having stored thereon computer programs that are
executed by a processor to perform a method for auto-
matically controlling a water heater in the first aspect is
further provided.

[0025] From the above technical solutions that accord-
ing to the method and device for automatically controlling
the water heater, the water heater and the electronic de-
vice of the present application, a setting temperature of
the water heater at different periods in a future water
usage process is predicted based on the amount of water
used at different periods in a historical water usage proc-
ess and the amount of water that the water heater can
supply at different setting temperatures and the water
heater is controlled based on the predicted setting tem-
perature of the water heater at different periodsin a future
water usage process. It can also be seen from the above
embodiments, by combining the amount of water used
at different periods in a historical water usage process
and the amount of water that the water heater can supply
at different setting temperatures, the setting temperature
of the water heater at different periods in a future water
usage process is predicted and thus a method for auto-
matically controlling the water heater capable of being
adaptive to a water usage behavior of a user, which not
only solves the problem that a user manually reserves
the temperature of the water heater, but also may allow
the water heater to operate in a manner of low energy
consumption under the premise of ensuring the water
demand, thereby intelligently controlling the water heat-
er.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] In order to more clearly illustrate technical so-
lutions disclosed in the embodiments of the present ap-
plication or the prior art, the drawings used in the descrip-
tions of the embodiments or the prior art will be briefly
described below. The drawings in the following descrip-
tion are only certain embodiments of the present appli-
cation, and other drawings can be obtained according to
the drawings without any creative work for those skilled
in the art.

Fig. 1 is a flowchart of a method for automatically
controlling a water heater according to an embodi-
ment of the present application;

Fig. 2 is a schematic structural diagram of a device
for automatically controlling a water heater accord-
ing to an embodiment of the present application; and
Fig. 3 is a schematic structural diagram of an elec-
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tronic device according to an embodiment of the
present application.

DETAILED DESCRIPTION

[0027] In order to make the object, technical solutions
and advantages of the embodiments of the present ap-
plication more clear, the technical solutions in the em-
bodiments of the present application are clearly and com-
pletely described in the following with reference to the
accompanying drawings in the embodiments of the
present application. These embodiments are a part of
the embodiments of the present application, and not all
of the embodiments. All other embodiments obtained by
a person of ordinary skill in the art based on the embod-
iments of the present application without any creative
work belong to the scope of the present application.
[0028] Accordingtothe presentapplication, itis intend-
ed to predict a setting temperature of the water heater at
different periods in a future water usage process, based
on the amount of water used at different periods in a
historical water usage process and the amount of water
that the water heater can supply at different setting tem-
peratures. According to the present application, a prob-
lem of waste of energy consumption caused by the user
constantly setting the temperature of the water heater to
a higher gear for operation during the use of the electric
water heater may be solved. The working principle and
working process of a method for automatically controlling
a water heater according to the present application will
be explained in detail below through specific embodi-
ments.

[0029] FIG 1 shows a flowchart of a method for auto-
matically controlling a water heater according to an em-
bodiment of the present application. Referring to FIG. 1,
the method for automatically controlling a water heater
according to an embodiment of the present application
includes:

step 101: determining the amount of water used at
different periods in a historical water usage process;
step 102: determining the amount of water that the
water heater can supply at different setting temper-
atures;

step 103: predicting a setting temperature of the wa-
ter heater at different periods in a future water usage
process, based on the amount of water used at dif-
ferent periods in a historical water usage process
and the amount of water that the water heater can
supply at different setting temperatures; and

step 104: controlling the water heater based on the
predicted setting temperature of the water heater at
different periods in a future water usage process.

[0030] In the present embodiment, the different peri-
ods may refer to different periods within a day, such as
12:00-14:00, 14:00-16:00, and 16:00-18:00. It may also
refer to different periods within a week, such as Monday,

10

15

20

25

30

35

40

45

50

55

Tuesday, Wednesday, etc. It may also refer to the com-
bination of both, such as 12:00-14:00, 14:00-16:00,
16:00-18:00 on Mondays, and 12:00-14:00, 14:00-16 on
Tuesdays :00, 16:00-18:00, Wednesday 12:00-14:00,
14:00-16:00, 16:00-18:00, etc. In the present embodi-
ment, the historical water usage process may refer to a
historical water usage process of a day, or may refer to
a historical water usage process of multiple days. For
example, it is possible to predict a setting temperature
of the water heater at different periods in a next day,
based on the amount of water at different periods of each
day in a historical water usage process for seven days.
For another example, it is possible to predict a setting
temperature of the water heater at different periods from
Monday to Sunday in the next week based on the amount
of water at different periods from Monday to Sunday dur-
ing the historical water usage process for seven says.
[0031] In the present embodiment, when the setting
temperature of the water heater at different periods in a
future water usage process is predicted based on the
amount of water at different periods in a historical water
usage process, the prediction may further be made by
determining a typical day in the historical water usage
days, for example, the first day, on Monday having a rel-
atively large reference value, determining a setting tem-
perature at different periods on Monday based on the
amount of water used at different periods on this day and
the amount of water that the water heater can supply at
different setting temperatures and finally predicting the
setting temperature of the water heater at different peri-
ods of the day in the future water usage process.
[0032] Inthe present embodiment, the setting temper-
ature of the water heater herein may be a discrete phys-
ical temperature adjustment gear (such as 40°C, 45°C,
50°C) in the water heater, or continuous setting temper-
ature, such as 41°C, 41.5°C, 42°C, 43°C, 44°C, 45°C,
etc. which can be controlled in real time through an elec-
tronic control algorithm.

[0033] In the present embodiment, it should be noted
that before performing the above step 101, itis necessary
to perform the step of obtaining historical water usage
data. The historical water usage data refers to data gen-
erated by the user during the historical use of the water
heater, such as the amount of water (determined accord-
ing tothe water flow rate and the duration of water usage),
aintra-tank temperature and an inlet water temperature,
and so on. Specifically, when the historical water usage
data are obtained, a water usage event may be construct-
ed based on the status data reported by sensors (includ-
ing temperature sensors, flow sensors, timers, etc.) dis-
posed inside the water heater, and then the (average)
water flow rate, (average) intra-tank temperature, (aver-
age) water inlet temperature, water usage duration and
other indicators of the water usage event may be ob-
tained. The average water flow rate and water usage
duration of the water use event at different periods may
be used to calculate the amount of water of the water
usage event at different periods. For example, when the
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water heater has historical status reporting data for 14
consecutive days, every two adjacent statuses (a piece
of status data representing the status of the water heater
at the time of reporting, including a current water flow
rate, a current intra-tank temperature, and the current
point in time and other information) constitute a water
usage event, in which the intra-tank temperature is data
obtained by the central temperature sensor.

[0034] In the present embodiment, after the historical
water usage data are obtained, the setting temperature
of the water heater at different periods in a future water
usage process may be predicted based on the amount
of water at different periods in a historical water usage
process. Itis necessary to predict the setting temperature
of the water heater at different periods in a future water
usage process based on the amount of water used at
different periods in a historical water usage process and
the amount of water that the water heater can supply at
different setting temperatures when the setting temper-
ature of the water heater at different periods in a future
water usage process may be predicted based on the
amount of water at different periods in a historical water
usage process. For example, the setting temperature
corresponding to the different periods of each day in the
historical water usage days may be determined based
on the amount of water at different periods of the day in
the historical water usage days and the amount of water
that the water heater can supply at the different setting
temperatures and the setting temperature of the water
heater at different periods of each day in the future water
usage process may be predicted based on the setting
temperature corresponding to the different periods of
each day in the historical water usage days.

[0035] By the way of example, it is assumed that the
historical water usage data includes 6 days of historical
water usage. The amount of water used at different pe-
riods in each day of the 6 days based on the historical
water usage data are as follows:

in a first day:

00:00-02:00: 0 liter;
02:00-04:00: 0 liter;
04:00-06:00: 0 liter;
06:00-08:00: 10 liters;
08:00-10:00: 10 liters;
10:00-12:00: 5 liters;
12:00-14:00: 5 liters;
14:00-16:00: 0 liter;
16:00-18:00: 0 liter;
18:00-20:00: 25 liters;
20:00-22:00: 50 liters;
22:00-24:00: 5 liters;

in a second day:

12:00-02:00: O liter;
02:00-04:00: 0 liter;
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04:00-06:00
06:00-08:00
08:00-10:00
10:00-12:00
12:00-14:00
14:00-16:00
16:00-18:00
18:00-20:00

20:00-22:00:
22:00-24:00:

third day:

12:00-02:00:
02:00-04:00:

04:00-06:00

06:00-08:00:
08:00-10:00:

10:00-12:00

12:00-14:00:

14:00-16:00

16:00-18:00:
18:00-20:00:
20:00-22:00:
22:00-24:00:

fourth day:

12:00-02:00

02:00-04:00:

04:00-06:00

06:00-08:00:
08:00-10:00:

10:00-12:00

12:00-14:00:
14:00-16:00:
16:00-18:00:
18:00-20:00:
20:00-22:00:
22:00-24:00:

fifth day:

12:00-02:00:
02:00-04:00:
04:00-06:00:
06:00-08:00:
08:00-10:00:

10:00-12:00

12:00-14:00:
14:00-16:00:

16:00-18:00

18:00-20:00:
20:00-22:00:

22:00-24:00

in a sixth day:

10

: 0 liter;

1 10 liters;
: 5 liters;
: 0 liter;

: 5 liters;
: 0 liter;

: 0 liter;

: 25 liters;
50 liters;
10 liters;

0 liter;

0 liter;

: 0 liter;

5 liters;
10 liters;
: 0 liter;
10 liters;
: 0 liter;

0 liter;
25 liters;
50 liters;
10 liters;

: 0 liter;

0 liter;

: 0 liter;
10 liters;
10 liters;
: 0 liter;
10 liters;
0 liter;

0 liter;
25 liters;
50 liters;
5 liters;

0 liter;
0 liter;
0 liter;
10 liters;
20 liters;
: 0 liter;
10 liters;
0 liter;
: 0 liter;
25 liters;
50 liters;
: 0 liter;
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12:00-02:00: 0 liter;
02:00-04:00: 0 liter;
04:00-06:00: 0 liter;
06:00-08:00: 10 liters;
08:00-10:00: 5 liters;
10:00-12:00: 0 liter;
12:00-14:00: 5 liters;
14:00-16:00: 0 liter;
16:00-18:00: 0 liter;
18:00-20:00: 50 liters;
20:00-22:00: 50 liters;
22:00-24:00: 5 liters.

[0036] Inthe presentembodiment, the amount of water
in the different periods shown above may be the amount
of water under different temperature conditions. For ex-
ample, the amount of water in the time period of
12:00-14:00 and the time period of 20:00-22:00 may cor-
respond to different inlet water temperatures and intra-
tank temperatures. In the present embodiment, no atten-
tion is paid to the difference between the inlet water tem-
perature and the intra-tank temperature, and the corre-
sponding setting temperature is predicted at different pe-
riods based on the amount of water. However, in other
embodiments of the present application, the amount of
water under different temperature conditions is unified to
the amount of water under the standard-temperature, re-
ferred to as the amount of used standard-temperature
water, which is explained in other subsequent embodi-
ments.

[0037] Afterobtaining the above historical water usage
data, the method proceeds to the next step, that is, to
determine the amount of water that the water heater can
supply atthe different setting temperatures. Forexample,
it is assumed that the water heater has 8 setting temper-
atures (not limited to this, here is only used for illustra-
tion), the amount of water that the water heater can sup-
ply at the different setting temperatures include:

5 liters of water that may be supplied at the 40°C
setting temperature;

8 liters of water that may be supplied at the 45°C
setting temperature;

10 liters of water that may be supplied at the 50°C
setting temperature;

20 liters of water that may be supplied at the 55°C
setting temperature;

25 liters of water that may be supplied at the 60°C
setting temperature;

40 liters of water that may be supplied at the 65°C
setting temperature;

50 liters of water that may be supplied at the 70°C
setting temperature; and

60 liters of water that may be supplied at the 75°C
setting temperature;

[0038] Inthe presentembodiment, the amount of water
that may be supplied at different setting temperatures
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here refers to the amount of water that may be supplied
within a preset temperature range in a unit time (for ex-
ample, within one hour) when the water heater is at dif-
ferent setting temperatures. The preset temperature
range here refers to the appropriate temperature when
the user uses water and may be 38°C-50°C. For exam-
ple, 5 liters of water that may be supplied at the 40°C
setting temperature means that the water heater may
supply 5 liters of water with a temperature of 38°C-50°C
per hour at the 40°C setting temperature. For another
example, 25 liters of water that may be supplied at the
60°C setting temperature means that the water heater
may supply 25 liters of water with a temperature of 38°C-
50°C per hour at the 60°C setting temperature.

[0039] In the present embodiment, it should be noted
that the amount of water that may be supplied at different
setting temperatures here does not consider the feature
of water temperature, butonly considers the water heater
may be supplied at different setting temperatures of the
water heater when the water temperature is within a cer-
tain presettemperature range. However, in other embod-
iments of the present application, the amount of water
that may be supplied under different setting temperature
conditions is unified to the amount of water that may be
supplied under the standard-temperature, referred to as
the amount of used standard-temperature water, which
is explained in other subsequent embodiments.

[0040] After obtaining the amount of water that the
above water heater can supply at different setting tem-
peratures, the method proceeds to the next step, that is,
to determine a setting temperature of the water heater
at different periods of a day in historical water usage days
based on the amount of water at different periods of each
day in the historical water usage days and the amount
of water that the water heater can supply at the setting
temperature. When performing this step, the setting tem-
perature of the water heater at different periods of a day
in historical water usage days may be determined based
on a matching relationship between above the amount
of water,

in a first day:

00:00-02:00: 40°C setting temperature (be-
cause the amount of water at 40°C setting tem-
perature is 5 liters, which can meet the water
usage demand of 0 liters during this time period,
the following description has similar principle to
it, and will not be explained one by one);
002:00-04:00: 40°C setting temperature;
04:00-06:00: 40°C setting temperature;
06:00-08:00: 50°C setting temperature (be-
cause the amount of water at 50°C setting tem-
perature is 10 liters, which can meet the water
usage demand of 10 liters during this time peri-
od, the following description has similar principle
to it, and will not be explained one by one);
08:00-10:00: 50°C setting temperature;
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10:00-12:00

20:00-22:00

second day:

12:00-02:00

10:00-12:00

16:00-18:00

20:00-22:00

third day:

12:00-02:00

06:00-08:00

10:00-12:00

16:00-18:00

fourth day:

12:00-02:00:

02:00-04:00

12:00-14:00

16:00-18:00

22:00-24:00

fifth day:

12:00-02:00:

02:00-04:00

13

1 40°C setting temperature;
12:00-14:00:
14:00-16:00:
16:00-18:00:
18:00-20:00:

40°C setting temperature;
40°C setting temperature;
40°C setting temperature;
60°C setting temperature;

: 70°C setting temperature;
22:00-24:00:

40°C setting temperature;

: 40°C setting temperature;
02:00-04:00:
04:00-06:00:
06:00-08:00:
08:00-10:00:

40°C setting temperature;
40°C setting temperature;
50°C setting temperature;
40°C setting temperature;

: 40°C setting temperature;
12:00-14:00:
14:00-16:00:

40°C setting temperature;
40°C setting temperature;

1 40°C setting temperature;
18:00-20:00:

60°C setting temperature;

: 70°C setting temperature;
22:00-24:00:

50°C setting temperature;

1 40°C setting temperature;
02:00-04:00:
04:00-06:00:

40°C setting temperature;
40°C setting temperature;

1 40°C setting temperature;
08:00-10:00:

50°C setting temperature;

: 40°C setting temperature;
12:00-14:00:
14:00-16:00:

50°C setting temperature;
40°C setting temperature;

1 40°C setting temperature;
18:00-20:00:
20:00-22:00:
22:00-24:00:

60°C setting temperature;
70°C setting temperature;
50°C setting temperature;

40°C setting temperature;

: 40°C setting temperature;
04:00-06:00:
06:00-08:00:
08:00-10:00:
10:00-12:00:

40°C setting temperature;
50°C setting temperature;
50°C setting temperature;
40°C setting temperature;

: 50°C setting temperature;
14:00-16:00:

40°C setting temperature;

1 40°C setting temperature;
18:00-20:00:
20:00-22:00:

60°C setting temperature;
70°C setting temperature;

: 40°C setting temperature;

40°C setting temperature;

1 40°C setting temperature;
04:00-06:00:

40°C setting temperature;
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06:00-08:00: 50°C setting temperature;
08:00-10:00: 55°C setting temperature;
10:00-12:00: 40°C setting temperature;
12:00-14:00: 50°C setting temperature;
14:00-16:00: 40°C setting temperature;
16:00-18:00: 40°C setting temperature;
18:00-20:00: 60°C setting temperature;
20:00-22:00: 70°C setting temperature;
22:00-24:00: 40°C setting temperature;

in a sixth day:

12:00-02:00: 40°C setting temperature;
02:00-04:00: 40°C setting temperature;
04:00-06:00: 40°C setting temperature;
06:00-08:00: 50°C setting temperature;
08:00-10:00: 40°C setting temperature;
10:00-12:00: 40°C setting temperature;
12:00-14:00: 40°C setting temperature;
14:00-16:00: 40°C setting temperature;
16:00-18:00: 40°C setting temperature;
18:00-20:00: 70°C setting temperature;
20:00-22:00: 70°C setting temperature;
22:00-24:00: 40°C setting temperature;

[0041] It should be noted that in order to deal with a
user's minor-probability water usage event, the setting
temperature may be set to 40°C during the time period
when the water usage is 0, so as to meet user’'s demand
for water usage when a temporary minor-probability wa-
ter usage event occurs. However, from the perspective
of energy saving, the heating function of the water heater
during the time period when the amount of water is zero
may be turned off so as to save energy. It may be deter-
mined to set a lower 40°C setting temperature or turn off
the heating function of the water heater during the time
period when the water usage is 0 based on specific
needs.

[0042] After determining the setting temperature of the
water heater at different periods of a day in historical
water usage days, it is necessary to predict a setting tem-
perature of the water heater at different periods of a day
in a future water usage process based on the setting
temperature of the water heater at different periods of a
day in historical water usage days.

[0043] For example, for each period, the highest set-
ting temperature at the corresponding period in six days
may be selected as a predicted value of the setting tem-
perature at the corresponding period. For example, for
the period from 08:00to 10:00 of aday, the corresponding
highest setting temperature in 6 days is 55°C. Therefore,
the 55°C of setting temperature may be regarded as the
predicted value of the setting temperature at the corre-
sponding period. In addition, the setting temperature with
the most occurrence numbers at the corresponding pe-
riod in 6 days may also be selected as the predicted value
of the setting temperature at the corresponding period.
For example, for the period from 08:00 to 10:00 of a day,
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the corresponding highest setting temperature in 6 days
is 55°C. The 55°C setting temperature appears once, the
40°C setting temperature appears twice, and the 50°C
setting temperature appears 3 times, and the 50°C set-
ting temperature with the most occurrence numbers may
be used as the predicted setting temperature at corre-
sponding period. In addition, the predicted value of the
setting temperature at the corresponding period may also
be determined according to the user’s voting result on
the setting temperature that appears at the correspond-
ing period of 6 days. For example, the user’s voting re-
sults on the setting temperature at the corresponding pe-
riod of these 6 days include 0 vote for 40°C, 0 vote for
55°C, and 3 votes for 50°C, so that the 50°C setting tem-
perature votes with the most votes may be determined
as the predicted value of the setting temperature at the
corresponding period.

[0044] In the present embodiment, it should be noted
that the two implementation methods of selecting the
highest setting temperature or the setting temperature
with the most occurrence numbers as the predicted value
of the setting temperature at the corresponding period
are respectively given above. It is understandable that
selecting the highest setting temperature as the predicted
setting temperature at the corresponding period may
meet the needs of hot water usage, that is, selecting the
highest setting temperature as the predicted setting tem-
perature at the corresponding period considers a satis-
faction level for hot water. Selecting the setting temper-
ature with the most occurrence numbers as the predicted
value of the setting temperature at the corresponding pe-
riod can meet the accuracy of hot water usage, that is,
selecting the setting temperature with the most occur-
rence numbers as the predicted value of the setting tem-
perature at the corresponding period considers the ac-
curacy rate. In actual processing, these two factors of
hot water satisfaction level and accuracy rate may be
considered comprehensively, which can be achieved by
setting a probability threshold. For example, when the
frequency at which a certain setting temperature appears
exceeds the probability threshold, this setting tempera-
ture can be used as the predicted value of the setting
temperature at the corresponding period, otherwise, the
highest setting temperature is used as the predicted val-
ue of the setting temperature at the corresponding period.
[0045] Inaddition,inthe presentembodiment, itshould
be noted thatwhen predicting based on water usage data
in historical water usage days, it is not that the more his-
torical water usage days, the better. Since older behav-
iors have less influence on the current behavior, it is nec-
essary to appropriately "forget" preceding behavioral da-
ta. Experiments have shown that too many or too few
days will affect the accuracy rate and relatively good pre-
diction results will be obtained using 14 historical water
usage days.

[0046] It can be seen from the above technical solu-
tions that according to the method for automatically con-
trolling the water heater, the water heater of the present
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application, a setting temperature of the water heater at
different periods in a future water usage process can be
predicted based on the amount of water used at different
periods in a historical water usage process and the
amount of water that the water heater can supply at dif-
ferent setting temperatures and the water heater is con-
trolled based on the predicted setting temperature of the
water heater at different periods in a future water usage
process. It can also be seen from the above embodi-
ments, by combining the amount of water at different pe-
riods in a historical water usage process and the amount
of water that the water heater can supply at different set-
ting temperatures, the setting temperature of the water
heater atdifferent periods in a future water usage process
is predicted and thus a method for automatically control-
ling the water heater capable of being adaptive to a water
usage behavior of a user, which not only solves the prob-
lem that a user manually reserves the temperature of the
water heater, but also may allow the water heater to op-
erate in a manner of low energy consumption under the
premise of ensuring the water demand, thereby intelli-
gently controlling the water heater.

[0047] Based on the content of the foregoing embod-
iment, in the present embodiment, the step 101 of deter-
mining the amount of water used at different periods in
a historical water usage process includes the following
steps:

step 101’: determining the amount of standard-temper-
ature water used at different periods in the historical water
usage process; wherein the amount of used standard-
temperature water is obtained by converting the amount
of water under different temperature conditions into the
amount of used water at the standard-temperature.
[0048] Inthe presentembodiment,in orderto solve the
problem that the amount of water cannot be compared
at different temperatures, a method of standardizing the
amount of water at different temperatures through a uni-
fied standard-temperature to obtain the amount of used
standard-temperature water is adopted in the present
embodiment. Adopting the processing method of the
present embodiment has such advantage that there is
no need to consider whether the amount of water corre-
sponding to each period is comparable when the tem-
perature in the water heater is different at different peri-
ods.

[0049] Based on the content of the foregoing embod-
iment, in the present embodiment, the step 101’ of de-
termining the amount of standard-temperature water
used at different periods in a historical water usage proc-
ess includes the following steps:

step A1: determining the amount of actually used
water, an intra-tank temperature and an inlet water
temperature at different periods in the historical wa-
ter usage process; and

step A2: determining the amount of standard-tem-
perature water used at different periods in the his-
torical water usage process by the model of the first
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preset amount of used standard-temperature water
based on the amount of actually used water, the in-
tra-tank temperature and the inlet water temperature
atdifferent periods in the historical water usage proc-
ess; where the model of the first preset amount of
used standard-temperature water is a model that
characterizes a corresponding relationship between
the amount of actually used water and the amount
of used standard-temperature water at different in-
tra-tank temperatures and inlet water temperatures;

[0050] In the present embodiment, when the amount
of standard-temperature water used at different periods
in the historical water usage process is determined, the
processing methods of steps A1-A2 are adopted. The
amount of actually used water at different periods in the
historical water usage process may be converted to the
amount of used standard-temperature water by using the
model of the first preset amount of used standard-tem-
perature water. Since the amount of actually used water
at different periods in the historical water usage process
may be converted to the amount of used standard-tem-
perature water, accurate prediction results may be ob-
tained when subsequent calculations and predictions are
performed based on the amount of standard-temperature
water at different periods in the historical water usage
process which eliminates the influence of the fluctuation
factor of different temperatures on the amount of water.
[0051] In the present embodiment, it can be under-
stood that the model of the first preset amount of used
standard-temperature water is a model that characteriz-
es a corresponding relationship between the amount of
actually used water under different temperature condi-
tions and the amount of used standard-temperature wa-
ter unified to the standard-temperature conditions. In ad-
dition, in the present embodiment, the model of the first
preset amount of used standard-temperature water has
the following equation:

h-1,

=0, *| 1+
0i=0¥| 1+ 7=

where Q represents a first amount of used standard-
temperature water, Qg represents the amount of actually
used water, T, represents the standard-temperature, T,
represents the intra-tank temperature, and T, represents
the inlet water temperature.

[0052] It should be noted that the model of the first
presetamount of used standard-temperature water men-
tioned in the present embodiment is not limited to the
above-mentioned form, and can also have other forms
as required, for example:
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where k; represents a first adjustment factor and has
values can be set according to actual needs, k; repre-
sents an adjustment factor representing the influence of
differences between the water inlet temperature and the
standard-temperature and the intra-tank temperature
and the standard-temperature on the relationship be-
tween the amount of actually used water and the amount
of used standard-temperature water and has value of
0.8-0.95.

[0053] Based on the content of the foregoing embod-
iment, in the present embodiment, the step 102 of deter-
mining the amount of water that the water heater can
supply at different setting temperatures includes the fol-
lowing steps:

determining the amount of standard-temperature water
that the water heater can supply at different setting tem-
peratures.

[0054] Inthe presentembodiment,in order to solve the
problem that the amount of water that the water heater
can supply at different setting temperatures are not well
unified, a method of standardizing the amount of water
that the water heater can supply at different setting tem-
peratures through a unified standard-temperature to ob-
tain the amount of standard-temperature water that the
water heater can supply at different setting temperatures
is adopted in the present embodiment. Adopting the
processing method of the present embodiment has such
advantage that there is no need to consider whether the
amount of water that the water heater can supply at dif-
ferent setting temperatures is comparable.

[0055] Based on the content of the foregoing embod-
iment, in the present embodiment, the step 102’ of de-
termining the amount of standard-temperature water that
the water heater can supply at different setting temper-
atures includes the following steps:

step B1: determining a rated capacity of the water
heater;

step B2: determining the amount of standard-tem-
perature water that the water heater can supply at
different setting temperatures by a model of the sec-
ond preset amount of used standard-temperature
water based on different setting temperatures, inlet
watertemperatures and a rated capacity of the water
heater;

where the model of the second preset amount of
used standard-temperature water is a model that
characterizes a corresponding relationship between
the rated capacity of the water heater and the amount
of used standard-temperature water at different set-
ting temperatures and inlet water temperatures.

[0056] In the present embodiment, when the amount
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of standard-temperature water that the water heater can
supply at different setting temperatures is determined,
the processing methods of steps B1-B2 are adopted. The
amount of water supplied at different setting tempera-
tures may be converted to the amount of used standard-
temperature water by using the model of the second pre-
setamountof used standard-temperature water and thus
the amount of standard-temperature water supplied at
the different setting temperatures are obtained. There-
fore, more accurate matching result may be obtained
when the amount of standard-temperature water sup-
plied at different setting temperatures is matched with
the amount of standard-temperature water used at dif-
ferent periods in a historical water usage processes.
[0057] In addition, in the present embodiment, the
model of the second preset amount of used standard-
temperature water has the following equation:

Q,=0x

where Q, represents a second amount of used standard-
temperature water, Q represents the rated capacity of
the water heater, T, represents the set temperature, T
represents the standard-temperature, and T, represents
the inlet water temperature.

[0058] It should be noted that the model of the second
presetamount of used standard-temperature water men-
tioned in the present embodiment is not limited to the
above-mentioned one form, and can also have other
forms as required, for example:

where k, represents a second adjustment factor and has
values can be set according to actual needs, k, repre-
sents an adjustment factor representing the influence of
differences between the water inlet temperature and the
standard-temperature and the setting temperature and
the standard-temperature on the relationship between
the rated capacity of the water heater and the amount of
standard-temperature water that the water heater can
supply at different setting temperatures and has value of
0.7-0.95.

[0059] Based on the content of the foregoing embod-
iment, in the present embodiment, the step 103 of pre-
dicting a setting temperature of the water heater at dif-
ferent periods in a future water usage process, based on
the amount of water used at different periods in a histor-
ical water usage process and the amount of water that
the water heater can supply at different setting temper-
atures specifically includes:

step 103’ predicting a setting temperature of the water
heater at different periods in a future water usage proc-
ess, based on the amount of standard-temperature water
used at different periods in a historical water usage proc-
ess and the amount of standard-temperature water that
the water heater can supply at different setting temper-
atures.
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[0060] In the present embodiment, it should be noted
that by processing in the above embodiments, the
amount of standard-temperature water used at different
periods in a historical water usage process and the
amount of standard-temperature water that the water
heater can supply at different setting temperatures are
obtained and thus the setting temperature of the water
heater atdifferent periods in a future water usage process
is predicted by mapping the amount of used standard-
temperature water with each other based on the amount
of standard-temperature water used at different periods
in a historical water usage process and the amount of
standard-temperature water that the water heater can
supply at different setting temperatures. When the
amount of used standard-temperature water are mapped
with each other, a principle needs to be followed, that is,
the amount of standard-temperature water that the water
heater can supply is greater than or equal to the amount
of standard-temperature water used at a corresponding
period in the historical water usage process and needs
to be closest to the amount of standard-temperature wa-
ter used the corresponding period in historical water us-
age process.

[0061] In addition, when the amount of used standard-
temperature water are mapped with each other, the
amount of standard-temperature water used at the cor-
responding period in historical water usage process may
be further discretized using the amount of water differ-
ence between the amount of water may be supplied at
two setting temperatures and thus the influence of ab-
normal sensor data on results. For example, assuming
that the amount of standard-temperature water that may
be supplied at 40°C setting temperature is 10 liters and
the amount of water that can be supplied at 45°C setting
temperature is 15 liters, the amount of standard-temper-
ature water used at the corresponding period in historical
water usage process may be further discretized using
the amount of water difference (15-10=5) between the
amount of used standard-temperature water may be sup-
plied at 40°C setting temperature and 45°C setting tem-
perature, thatis, the amount of standard-temperature wa-
ter used at the corresponding period in historical water
usage process is processed into discrete data points
such as 5 liters, 10 liters, 15 liters, 20 liters, and 25 liters.
[0062] Based on the content of the foregoing embod-
iment, in the present embodiment, the step 103’ of pre-
dicting a setting temperature of the water heater at dif-
ferent periods in a future water usage process, based on
the amount of standard-temperature water used at dif-
ferent periods in a historical water usage process and
the amount of standard-temperature water that the water
heater can supply at different setting temperatures spe-
cifically includes:

step C1: determining a setting temperature of the
water heater at different periods of a day in historical
water usage days, based on the amount of standard-
temperature water used at different periods of the
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day in the historical water usage days and the
amount of standard-temperature water that the wa-
ter heater can supply at different setting tempera-
tures; and

step C2: predicting a setting temperature of the water
heater at different periods of a day in a future water
usage process, based on the setting temperature of
the water heater at different periods of a day in his-
torical water usage days.

[0063] Inthe present embodiment, the setting temper-
ature corresponding to the different periods of each day
in the historical water usage days is first determined
based on the amount of standard-temperature water
used at different periods of the day in the historical water
usage days and the amount of standard-temperature wa-
ter that the water heater can supply at the different setting
temperatures and the setting temperature of the water
heater at different periods of each day in the future water
usage process may be predicted based on the setting
temperature of the water heater corresponding to the dif-
ferent periods of each day in the historical water usage
days.

[0064] Based on the content of the foregoing embod-
iment, in the present embodiment, the step C2 of pre-
dicting a setting temperature of the water heater at dif-
ferent periods of a day in a future water usage process,
based on the setting temperature of the water heater at
different periods of a day in historical water usage days
specifically includes:

step C21: transmitting the setting temperature of the
water heater at different periods of a day in historical
water usage days to a client device;

step C22: receiving a voting value for the setting tem-
perature of the water heater at different periods of a
day in historical water usage days transmitted by the
client device; and

step C23: predicting the setting temperature of the
water heater at different periods of a day in a future
water usage process, based on the voting value for
the setting temperature of the water heater at differ-
ent periods of a day.

[0065] In the present embodiment, the temperature
voting mechanism is used to determine the setting tem-
perature of the water heater at different periods of a day
in a future water usage process. In the present embodi-
ment, a probability threshold can be set. The larger the
probability threshold, the lower the tolerance for small-
probability water usage events. For example, for setting
temperatures (setting temperatures matched well in step
103))ina certain period, i.e., past sixdays, a voting mech-
anism is used to vote against a setting temperature that
should be set for this time period in the next day. The
voting mechanism here refers to transmitting the setting
temperature of the water heater at different periods in
the past 6 days to a use device, and then allowing the
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user to vote against the setting temperature of the water
heater at different periods in past 6 days separately. For
example, assuming that after matching in step 103, it is
determined that the setting temperature corresponding
to the period of 00:00-02:00 in past 6 days is 40°C, 40°C,
45°C, 45°C, 40°C, 40° C, these setting temperatures are
then transmitted to the user and the user votes against
these setting temperatures, and the final statistical voting
resultincludes: 5 votes for 40°C setting temperature and
1 vote for 45°C setting temperature. It can be seen that
the proportion of votes for 40°C setting temperature 40
is 5/6=0.83, and the proportion of votes for 45°C setting
temperature of is 1/6=0.16. It should be noted that when
the percentage of votes for a certain setting temperature
(referring to the ratio of the number of votes for a certain
setting temperature to that of historical water usage days)
exceeds the set probability threshold (which can be 0.8),
the setting temperature is regarded as the predicted set-
ting temperature of the time period (also called the pre-
dicted value of the setting temperature the corresponding
period) next day. According to the above example, for
the period 00:00-02:00 in six days in the above example,
the proportion of votes for 40°C setting temperature ex-
ceeds the set probability threshold of 0.8, so that 40°C
setting temperature can be used as the predicted setting
temperature at the present period of the next day. After
the user votes, it is found that there is no setting temper-
ature that the proportion of votes exceeds the set prob-
ability threshold, the highest gear of all the historical cor-
responding setting temperatures is selected as the pre-
dicted setting temperature at the period of next day. For
example, for the period of 00:00-02:00 in six days of the
above example, the 45°C setting temperature is selected
as the predicted setting temperature at the period of next
day.

[0066] It can be seen from the above scheme that in
the present embodiment, using the temperature voting
mechanism, and the setting temperature whose number
of votes exceeds the set probability threshold is used as
the predicted setting temperature, such thatthe predicted
setting temperature can meet the user’s water usage be-
havior with the greatest probability. In addition, in the
present embodiment, the probability of occasional water
usage events is estimated, and tolerance of minor-prob-
ability water usage events is controlled by controlling the
probability threshold parameter.

[0067] Based on the content of the foregoing embod-
iment, in the present embodiment, the step C2 of pre-
dicting a setting temperature of the water heater at dif-
ferent periods of a day in a future water usage process,
based on the setting temperature of the water heater at
different periods of a day in historical water usage days
specifically includes:

determining a highest setting temperature of the wa-
ter heater at different periods of a day, based on the
setting temperature of the water heater at different
periods of a day in historical water usage days and
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determining the highest setting temperature of the
water heater at different periods of a day as the set-
ting temperature of the water heater at different pe-
riods of a day in a future water usage process.

[0068] In the present embodiment, unlike the above-
mentioned embodiments, the present embodiment does
not need to use a voting mechanism, but directly uses
the highest setting temperature among all setting tem-
peratures under different historical water usage days cor-
responding to each time period as the predicted value of
the setting temperature at different periods of the day in
future water usage process, so as to ensure that the pre-
dicted setting temperature can meet the user’'s water de-
mand with the greatest probability.

[0069] In addition, it should be noted that the historical
water usage days in the present embodiment refers to
the continuous historical water usage days by default.
However, if the water heater has no continuous historical
water usage days, the date of missing water usage data
can be ignored. However, in practical applications, the
allowable number of days of missing water usage data
may be set. When the number of days of missing water
usage data exceeds the allowable number of days of
missing water usage data, and no prediction is made for
the water heater. For example, the number of days of
missing water usage data may be setto three days. When
the number of days of missing water usage data exceeds
three days and no prediction is made for the water heater.
For example, when the water heater does not have 14
consecutive days of data, the most recent 14 days of
data may be selected and the missing dates are ignored.
In the present embodiment, the allowable number of
missing days is 3 days, and no prediction is made for the
water heater when the number of days of missing water
usage data exceeds 3 days.

[0070] Based on the content of the foregoing embod-
iment, in the present embodiment, the method for auto-
matically controlling the water heater further includes:

determining atmospheric temperature data at differ-
ent periods in a future water usage process;
correcting the predicted setting temperature of the
water heater at different periods of a day in a future
water usage process, based on the atmospheric
temperature data at different periods in a future water
usage process; and

controlling the water heater based on the corrected
setting temperature.

[0071] Inthe presentembodiment,in order to precisely
predict the water heater in various periods next day, the
external atmospheric temperature data is further consid-
ered which is particularly important for areas where the
outdoortemperature changes significantly. In the present
embodiment, temperature data of the local weather fore-
cast in next day needs to be obtained first as correction
parameters. The difference between the specific imple-
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mentation method and the above-mentioned embodi-
ment is that after obtaining the setting temperature at
different periods of the day in the future water usage proc-
ess, the predicted setting temperature of the water heater
at different periods of a day in a future water usage proc-
ess is corrected using the atmospheric temperature data
at different periods one day in a future water usage proc-
ess and the water heater is controlled automatically
based on the corrected setting temperature. when mak-
ing specific corrections, the following corresponding re-
lationship can be used, for example, the setting temper-
ature of the corresponding time period increases by 5
degrees (maximum 75 degrees) when the atmospheric
temperature decreases every 10 degrees.

[0072] Based on the content of the foregoing embod-
iment, in the present embodiment, the method for auto-
matically controlling the water heater further includes:

determining saved power after the water heater is
automatically controlled based on the predicted set-
ting temperature of the water heater at different pe-
riods in a future water usage process;

determining a consumed power after the water heat-
er is automatically controlled based on the predicted
setting temperature of the water heater at different
periods in a future water usage process; and
determining saved power cost based on the saved
power, the consumed power and a ladder-type pric-
ing model.

[0073] Inthe presentembodiment, the power costs that
can be saved after implementing the method for auto-
matically controlling the water heater control according
to the present embodiment are further given, so that the
user can intuitively see the saved power, thereby improv-
ing user experience.

[0074] In the present embodiment, when the water
heater is turned on first, the original setting temperature
data before the water heater is turned on is recorded (if
it is not turned on, the water heater will be heated and
kept at the original setting temperature). After the water
heater is turned on, it is automatically adjusted based on
the predicted setting temperature output in the present
embodiment. The original setting temperature, the pre-
dicted setting temperature output in the present embod-
iment, the ambient temperature and the water usage data
are used to estimate saved power after the water heater
is turned on by a fitting equation. After the saved power
is estimated, a heating time of the water heater, a rated
power of the water heater and the data of the ladder-type
pricing data in the local area are obtained, and the con-
sumed power during the operation of the water heater is
calculated. Saved power costs (=consumed pow-
er+saved power)*pricing 1-consumed power*pricing 2 is
then calculated. Pricing 1 and pricing 2 are ladder-type
pricing.

[0075] According to the above description and analy-
sis, it can be seen that the method for automatically con-
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trolling the water heater according to the present embod-
iment can adapt to the user’s water usage behavior, so
that the water heater can operate in a low energy con-
sumption mode under the premise of ensuring the water
demand. In addition, in the present embodiment, using
the temperature voting mechanism, and the setting tem-
perature whose number of votes exceeds the set prob-
ability threshold is used as the predicted setting temper-
ature, such that the predicted setting temperature can
meet the user’s water usage behavior with the greatest
probability. In addition, in another embodiment, the max-
imum setting temperature is used as the predicted setting
temperature, which ensures that the setting temperature
meets the user's water demand with the greatest prob-
ability.

[0076] Inaddition,inthe presentembodiment, acertain
degree of data loss can also be tolerated because the
user’s water usage habits in a certain period have no
change in a short period, so even if the data of a certain
period of a day is missing, it will not have significant in-
fluence on the final prediction result.

[0077] Inaddition,inthe presentembodiment, acertain
degree of abnormal value can also be tolerated because
the amount of actually used standard-temperature water
is discretized by using the amount of standard-tempera-
ture water corresponding to a temperature section, which
can effectively avoid influence of very large or very small
abnormal value on the results.

[0078] In the present embodiment, it should be noted
that the method for automatically controlling a water heat-
er according to the present embodiment can be used in
a storage-type electric water heater that uses water for
bathing or catering. The present application does notlimit
this. According to actual needs, the method for automat-
ically controlling a water heater according to the present
embodiment can also be used in storage-type electric
water heaters for other purposes.

[0079] In another embodiment of the present applica-
tion, a device for automatically controlling a water heater
is provided. Referring to FIG. 2, the device for automat-
ically controlling a water heater includes: a first
determiner11, a second determiner 12, a predictor 13
and controller 14, where

a first determiner 11 configured to determine the
amount of water used at different periods in a histor-
ical water usage process;

a second determiner 12 configured to determine the
amount of water that the water heater can supply at
different setting temperatures;

a predictor 13 configured to predict a setting temper-
ature of the water heater at different periods in a
future water usage process, based on the amount
of water used at different periods in a historical water
usage process and the amount of water that the wa-
ter heater can supply at different setting tempera-
tures; and

a controller 14 configured to control the water heater

10

15

20

25

30

35

40

45

50

55

14

based on the predicted setting temperature of the
water heater at different periods in a future water
usage process.

[0080] Since the device for automatically controlling a
water heater according to the present embodiment can
be used to implement the method for automatically con-
trolling a water heater described in the foregoing embod-
iment, it has similar working principles and beneficial ef-
fects to the method, so that they will not be described in
detail here, and the specific content can be referred to
the introduction of the foregoing embodiment.

[0081] In still another embodiment of the present ap-
plication, a water heater is provided including the device
for automatically controlling a water heater according to
the above embodiment.

[0082] Since the water heater according to the present
embodiment includes the device for automatically con-
trolling a water heater according to the above embodi-
ment, it has similar working principles and beneficial ef-
fects to the method, so that they will not be described in
detail here, and the specific content can be referred to
the introduction of the foregoing embodiment.

[0083] In yet another embodiment of the present ap-
plication, an electronic device is provided. Referring to
Fig. 3, the electronic device specifically includes: a proc-
essor 301, a memory 302, a communication interface
303, and a bus 304;

wherein the processor 301, the memory 302 and the
communication interface 303 communicate with
each other through the bus 304; the communication
interface 303 is configured to implement information
transmission between various modeling software
and intelligent manufacturing equipment module li-
braries and other related equipment transmission;
and

the processor 301 is configured to call computer pro-
grams in the memory 302, when executed by the
processor, the computer programs cause the proc-
essorto implement steps of the method for automat-
ically controlling the water heater mentioned above,
for example, determining the amount of water used
at different periods in a historical water usage proc-
ess; determining the amount of water that the water
heater can supply at different setting temperatures;
predicting a setting temperature of the water heater
at different periods in a future water usage process,
based on the amount of water used at different pe-
riods in a historical water usage process and the
amount of water that the water heater can supply at
different setting temperatures; and controlling the
water heater based on the predicted setting temper-
ature of the water heater at different periods in a
future water usage process.

[0084] It should be noted that the electronic device
mentioned in the present embodiment may be a mobile
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terminal or a cloud server.

[0085] Accordingto yet still another embodiment of the
present application, a non-transitory computer-readable
storage medium having stored thereon computer pro-
grams, when executed by a processor, the computer pro-
grams cause the processor to implement steps of the
method for automatically controlling the water heater
mentioned above, for example, determining the amount
of water used at different periods in a historical water
usage process; determining the amount of water that the
water heater can supply at different setting temperatures;
predicting a setting temperature of the water heater at
different periods in a future water usage process, based
on the amount of water used at different periods in a
historical water usage process and the amount of water
that the water heater can supply at different setting tem-
peratures; and controlling the water heater based on the
predicted setting temperature of the water heater at dif-
ferent periods in a future water usage process.

[0086] In addition, the logic instructions in the memory
described above may be implemented in the form of a
software functional unit and may be stored in a computer
readable storage medium while being sold or used as a
separate product. Based on such understanding, the
technical solution of the present application or a part of
the technical solution, which is essential or contributes
to the prior art, may be embodied in the form of a software
product, which is stored in a storage medium, including
several instructions to cause a computer device (which
may be a personal computer, server, or network device,
etc.) to perform all or part of the steps of the methods
described in various embodiments of the present appli-
cation. The storage medium described above includes:
a U disk, a mobile hard disk, a read-only memory (ROM),
arandom access memory (RAM), a magnetic disk, or an
optical disk, and the like.

[0087] The device embodiments described above are
merely illustrative, wherein the units described as sepa-
rate components may or may not be physically separate,
and the components displayed as units may or may not
be physical units, that is, may be located at the same
place, or it can be distributed to multiple network units.
Some or all of the modules may be selected according
to actual needs to achieve the purpose of the solution of
the embodiment. Those of ordinary skill in the art can
understand and implement the embodiments described
above without paying creative labors.

[0088] Through the description of the embodiments
above, those skilled in the art can clearly understand that
the various embodiments can be implemented by means
of software and a necessary general hardware platform,
and of course, by hardware. Based on such understand-
ing, the technical solution of the present application or a
part of the technical solution, which is essential or con-
tributes to the prior art, may be embodied in the form of
a software product, which is stored in a storage medium
such as ROM/RAM, magnetic Discs, optical discs, etc.,
including several instructions to cause acomputer device
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(which may be a personal computer, server, or network
device, etc.) to perform various embodiments or a part
of the methods described in various embodiments.
[0089] In the description of the present application, it
is to be noted that the orientation or positional relation-
ships indicated by terms such as "upper", "lower", etc.
are based on the orientation or positional relationship
shown in the drawings, and are merely for the conven-
ience of describing the present application and simplify-
ing the description, rather than indicating or implying that
the device or component stated must have a particular
orientation, is constructed and operated in a particular
orientation, and thus is not to be construed as limiting
the disclosure. Unless explicitly stated and defined oth-
erwise, the terms "installed," "connected with," and "con-
nected" shall be understood broadly, for example, it may
be either fixedly connected or detachably connected, or
can be integrated; it may be mechanically connected, or
electrically connected; it may be directly connected, or
indirectly connected through an intermediate medium
and the communication between the interior of two ele-
ments. The specific meanings of the terms above in the
presentapplication can be understood by a person skilled
in the art in accordance with specific conditions.

[0090] In addition, in the present application, terms
such as "first" and "second" are only used for descriptive
purposes, and cannot be understood as indicating or im-
plying relative importance or implicitly indicating the
number of technical features indicated. Therefore, the
features defined with "first" and "second" may explicitly
or implicitly include at least one of the features. In the
description of the present application, "a plurality of
means at least two, such as two, three, etc., unless spe-
cifically defined otherwise.

[0091] Further, in the present application, relational
terms such as "first" and "second" are only used to dis-
tinguish one entity or operation from another entity or
operation, and do not necessarily require or imply any
such actual relation or order among these entities or op-
erations. Also, the terms "include", "including" or any oth-
er variants thereof are intended to cover non-exclusive
inclusion, so that a process, a method, an article, or a
device that includes a series of elements includes not
only those elements, but also includes other elements
which are not explicitly listed or also include elements
inherent to the process, the method, the article or the
device. If there are no more limitations, the element de-
fined by the sentence "including a..." does not exclude
the existence of other same elements in the process,
method, article, or equipment including the element.
[0092] In the description of this specification, descrip-
tions with reference to the terms "one embodiment",
"some embodiments"”, "examples", "specific examples",
or "some examples" etc. mean that specific features,
structure, materials or characteristics described in con-
junction with the embodiment or example are included in
atleast one embodiment or example of the embodiments
of the present application. In this specification, the sche-
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matic expressions of the above terms do not necessarily
refer to the same embodiment or example. Also, the de-
scribed specific features, structures, materials or char-
acteristics can be combined in any one or more embod-
iments or examples in a suitable manner. In addition,
those skilled in the art may integrate and combine the
different embodiments or examples and the features of
the different embodiments or examples described in this
specification without contradicting each other.

[0093] Finally, it should be noted that the above em-
bodiments are only used to explain the technical solu-
tions of the present application, and are not limited there-
to; although the present application is described in detail
with reference to the foregoing embodiments, it should
be understood by those skilled in the art that they can
still modify the technical solutions described in the fore-
going embodiments and make equivalent replacements
to a part of the technical features and these modifications
and substitutions do not depart from the spirit and scope
of the technical solutions of the embodiments of the
present application.

Claims

1. A method for automatically controlling a water heat-
er, comprising:

determining amount of water used at different
periods in a historical water usage process;
determining amount of water that the water heat-
er is able to supply at different setting tempera-
tures;

predicting a setting temperature of the water
heater at corresponding different periods in a
future water usage process, based on the
amount of water used at different periods in the
historical water usage process and the amount
of water that the water heater is able to supply
at different setting temperatures; and
controlling the water heater based on the pre-
dicted setting temperature of the water heater
at corresponding different periods in the future
water usage process.

2. The method for automatically controlling the water
heater of claim 1, wherein the determining the
amount of water used at different periods in the his-
torical water usage process comprising:

determining amount of standard-temperature
water used at different periods in the historical
water usage process,

wherein the amount of the used standard-tem-
perature water is obtained by converting amount
ofwaterused at different temperature conditions
into amount of water used at the standard-tem-
perature.
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3.

The method for automatically controlling the water
heater of claim 2, wherein the determining the
amount of standard-temperature water used at dif-
ferent periods in the historical water usage process
comprising:

determining amount of actually used water, an
intra-tank temperature and an inlet water tem-
perature at different periods in the historical wa-
ter usage process; and

determining, based on the amount of actually
used water, the intra-tank temperature and the
inlet water temperature at different periods in
the historical water usage process, the amount
of standard-temperature water used at different
periods in the historical water usage process by
using a model of the first preset amount of used
standard-temperature water;

wherein the model of the first preset amount of
used standard-temperature water is a model
that represents a corresponding relationship be-
tween the amount of actually used water and
the amount of used standard-temperature water
at differentintra-tank temperatures and inlet wa-
ter temperatures.

The method for automatically controlling the water
heater of claim 3, wherein the model of the first preset
amount of used standard-temperature water is as
follows:

T -1
— % I [ —
0=0,( 147

where Q, represents a firstamountof used standard-
temperature water, Q, represents the amount of ac-
tually used water, T, represents the standard-tem-
perature, T, represents the intra-tank temperature,
and T, represents the inlet water temperature.

The method for automatically controlling the water
heater of any one of claims 2 to 4, wherein the de-
termining the amount of water that the water heater
is able to supply at different setting temperatures
comprises:

determining the amount of standard-temperature
water that the water heater is able to supply at dif-
ferent setting temperatures;

The method for automatically controlling the water
heater of claim 5, wherein the determining the
amount of standard-temperature water that the wa-
ter heater is able to supply at different setting tem-
peratures comprises:

determining, based on different setting temper-
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atures, inlet water temperatures and a rated ca-
pacity of the water heater, the amount of stand-
ard-temperature water that the water heater is
able to supply at different setting temperatures
by a model of second preset amount of used
standard-temperature water;

wherein the model of the second preset amount
of used standard-temperature water is a model
thatrepresents a corresponding relationship be-
tween the rated capacity of the water heater and
the amount of used standard-temperature water
at different setting temperatures and inlet water
temperatures.

The method for automatically controlling the water
heater of claim 6, wherein the model of the second
preset amount of used standard-temperature water
is as follows:

T, -1,
= & l—|——3 0
0, =0+ 1+

where Q, represents a second amount of used
standard-temperature water, Q represents the rated
capacity of the water heater, T, represents the set-
ting temperature, T, represents the standard-tem-
perature, and T, represents the inlet water temper-
ature.

The method for automatically controlling the water
heater of claim 5, wherein the predicting the setting
temperature of the water heater at corresponding
different periods in the future water usage process,
based on the amount of water used at different pe-
riods in the historical water usage process and the
amount of water that the water heater is able to sup-
ply at different setting temperatures comprises:
predicting the setting temperature of the water heater
atdifferent periods in the future water usage process,
based on the amount of the standard-temperature
water used at different periods in the historical water
usage process and the amount of standard-temper-
ature water that the water heater is able to supply at
different setting temperatures.

The method for automatically controlling the water
heater of claim 8, wherein the predicting the setting
temperature of the water heater at different periods
in the future water usage process, based on the
amount of standard-temperature water used at dif-
ferent periods in the historical water usage process
and the amount of standard-temperature water that
the water heater is able to supply at different setting
temperatures comprises:

determining the setting temperature of the water
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heater at different periods of a day in historical
water usage days, based on the amount of
standard-temperature water used at different
periods of the day in the historical water usage
days and the amount of standard-temperature
water that the water heater is able to supply at
different setting temperatures; and

predicting the setting temperature of the water
heater at corresponding different periods of a
day in the future water usage process, based on
the setting temperature of the water heater at
different periods of the day in historical water
usage days.

10. The method for automatically controlling the water

1.

heater of claim 9, wherein the predicting the setting
temperature of the water heater at corresponding
different periods of the day in the future water usage
process, based on the setting temperature of the wa-
ter heater at different periods of the day in historical
water usage days comprises:

transmitting the setting temperature of the water
heater at different periods of the day in historical
water usage days to a client device;

receiving a voting value for the setting temper-
ature of the water heater at different periods of
the day in historical water usage days transmit-
ted by the client device; and

predicting the setting temperature of the water
heater at corresponding different periods of the
day in the future water usage process, based on
the voting value for the setting temperature of
the water heater at different periods of the day.

The method for automatically controlling the water
heater of claim 9, wherein the predicting the setting
temperature of the water heater at corresponding
different periods of the day in the future water usage
process, based on the setting temperature of the wa-
ter heater at different periods of the day in historical
water usage days comprises:

determining a highest setting temperature of the
water heater at different periods of the day,
based on the setting temperature of the water
heater at different periods of the day in historical
water usage days, and

determining the highest setting temperature of
the water heater at different periods of the day
as the setting temperature of the water heater
at corresponding different periods of the day in
the future water usage process.

12. The method for automatically controlling the water

heater of claim 1, further comprising:

determining atmospheric temperature data at
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different periods in the future water usage proc- automatically controlling a water heater of any
ess; one of claims 1 to 13.

correcting the predicted setting temperature of

the water heater at corresponding different pe- 17. A non-transitory computer-readable storage medi-
riods in the future water usage process, based 5 um storing computer programs which are executed
on the atmospheric temperature data at different by a processor to perform a method for automatically
periods in the future water usage process; and controlling awater heater of any one of claims 1to 13.

controlling the water heater based on the cor-
rected setting temperature.
10
13. The method for automatically controlling the water
heater of claim 1, further comprising:

determining saved power after the water heater

is automatically controlled based on predicted 15
setting temperature of the water heater at cor-
responding different periods in the future water
usage process;

determining consumed power after the water
heater is automatically controlled based on the 20
predicted setting temperature of the water heat-
erat corresponding different periods in the future
water usage process; and

determining saved power cost based on the
saved power, the consumed power and a lad- 25
der-type pricing model.

14. Adevice for automatically controlling a water heater,
comprising:
30

a first determiner configured to determine
amount of water used at different periods in a
historical water usage process;
a second determiner configured to determine
amount of water that the water heater is ableto 35
supply at different setting temperatures;
a predictor configured to predict a setting tem-
perature of the water heater at corresponding
different periods in the future water usage proc-
ess, based on the amount of water used at dif- 40
ferent periods in the historical water usage proc-
ess and
the amount of water that the water heater is able
to supply at different setting temperatures; and
a controller configured to control the water heat- 45
er based on the predicted setting temperature
of the water heater at corresponding different
periods in the future water usage process.

15. A water heater, comprising the device for automati- 50
cally controlling the water heater of claim 14.

16. An electronic device comprising:
a processor; and 55
a memory configured to store computer pro-

grams that, when executed by the processor,
causes the processor to perform a method for
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Determining amount of water used at different periods in
a historical water usage process

101
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Determining amount of water that the water heater is able to
supply at different setting temperatures

102
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Predicting a setting temperature of the water heater at
corresponding different periods in a future water usage process,
based on the amount of water used at different periods in
a historical water usage process and the amount of water that
the water heater is able to supply at different setting temperatures

~— 103

k. 4

Controlling the water heater based on the predicted setting
temperature of the water heater at corresponding different periods
in the future water usage process
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