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(57) The present invention provides an improved
method, apparatus, and device for controlling a heating
tube in a clothes dryer and a storage medium. The meth-
od for controlling a heating tube in a clothes dryer in-
cludes: obtaining a set temperature Ts and a detected
temperature Tc of the heating tube; obtaining a temper-
ature deviation parameter based on the set temperature
Ts and the detected temperature Tc; inputting the tem-
perature deviation parameter into each of a first BP net-
work and a second BP network that are pre-trained, to
obtain a first control parameter and a second control pa-
rameter of the heating tube, where the second control
parameter includes a control threshold; obtaining a con-
trol quantity of the heating tube based on the first control
parameter; and comparing the control quantity with the
control threshold, and controlling turning on and off of
the heating tube based on a comparison result. In the
present invention, the combination of the BP networks
and the PID control theory to control the heating tube in
the clothes dryer can balance the stability and accuracy
of a control action, can realize accurate and thermostatic
control over the temperature of the heating tube by the
clothes dryer during drying, and has a strong adaptability.
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Description

[0001] The present invention relates to the field of
household appliance technologies, and in particular, to
a method, an apparatus, and a device for controlling a
heating tube in a clothes dryer, and a storage medium.
[0002] At present, each existing strategy for controlling
a heating tube in a clothes dryer on the market is basically
to use conventional proportional-integral-derivative
(PID) control.
[0003] However, the PID control is actually a compro-
mise among proportional, integral, and derivative control
actions, which cannot resolve the contradiction between
the stability and accuracy, and cannot achieve the opti-
mal control effect either.
[0004] An objective of the present invention is to pro-
vide an improved method, apparatus, and device for con-
trolling a heating tube in a clothes dryer and a storage
medium.
[0005] The method for controlling a heating tube in a
clothes dryer provided in embodiments of the present
invention includes: obtaining a set temperature Ts and a
detected temperature Tc of the heating tube; obtaining
a temperature deviation parameter based on the set tem-
perature Ts and the detected temperature Tc; inputting
the temperature deviation parameter into each of a first
backpropagation (BP) network and a second BP network
that are pre-trained, to obtain a first control parameter
and a second control parameter of the heating tube,
where the second control parameter includes a control
threshold; obtaining a control quantity of the heating tube
based on the first control parameter; and comparing the
control quantity with the control threshold, and controlling
turning on and off of the heating tube based on a com-
parison result.
[0006] Optionally, the second control parameter in-
cludes a first duration n, a second duration ε, a third du-
ration ∈, and a fourth duration q, the control threshold
includes a maximum threshold Judgemax and a mini-
mum threshold Judgemin, and the controlling turning on
and off of the heating tube based on a comparison result
includes: controlling the heating tube to be turned off and
making an off duration thereof the first duration n when
the control quantity is greater than or equal to the maxi-
mum threshold Judgemax; controlling the heating tube
to be periodically turned on and off when the control quan-
tity is less than the maximum threshold Judgemax and
greater than the minimum threshold Judgemin, where in
one period, an on duration is the second duration ε and
an off duration is the third duration ∈; and controlling the
heating tube to be turned on and making an on duration
thereof the fourth duration q when the control quantity is
less than or equal to the minimum threshold Judgemin.
[0007] Optionally, during training of the first BP network
and the second BP network, a deviation e(k) between
the set temperature Ts and the detected temperature Tc

in training sample data is used as an error, 
is used as a loss function, and the training is not stopped
until the loss function is minimized, to obtain the first BP
network and the second BP network that are trained.
[0008] Optionally, the temperature deviation parame-
ter includes: a first temperature deviation parameter x1
= e(k), a second temperature deviation parameter x2 =
e(k-1), and a third temperature deviation parameter x3 =
e(k) - e(k-1), where e(k) represents a deviation between
the set temperature Ts and the detected temperature Tc
of the heating tube at a moment t, and e(k-1) represents
a deviation between the set temperature Ts and the de-
tected temperature Tc of the heating tube at a moment
(t-1).
[0009] Optionally, the first control parameter is a PID
control parameter, and the control quantity is represented
by a transfer function G(s) of PID control.
[0010] Optionally, the PID control parameter includes
a proportional coefficient Kp, an integral coefficient Ki,
and a derivative coefficient Kd of the deviation e(k) of the
heating tube at the moment t; and the control quantity is: 

[0011] Optionally, the PID control parameter includes
a proportional coefficient Kp, an integral coefficient Ki,
and a derivative coefficient Kd of the deviation e(k) of the
heating tube at the moment t, any real number α, and
any real number β; and the control quantity is: 

[0012] The apparatus for controlling a heating tube in
a clothes dryer provided in the embodiments of the
present invention includes: an obtaining module, config-
ured to obtain a set temperature Ts and a detected tem-
perature Tc of the heating tube; a first calculation module,
configured to obtain a temperature deviation parameter
based on the set temperature Ts and the detected tem-
perature Tc; a BP network module, configured to input
the temperature deviation parameter into each of a first
BP network and a second BP network that are pre-
trained, to obtain a first control parameter and a second
control parameter of the heating tube, where the second
control parameter includes a control threshold; a second
calculation module, configured to obtain a control quan-
tity of the heating tube based on the first control param-
eter; and a control module, configured to compare the
control quantity with the control threshold, and control
turning on and off of the heating tube based on a com-
parison result.
[0013] Optionally, the control threshold includes a
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maximum threshold Judgemax and a minimum threshold
Judgemin, the second control parameter includes a first
duration n, a second duration ε, a third duration ∈, and
a fourth duration q, and the control module is configured
to: control the heating tube to be turned off and make an
off duration thereof the first duration n when the control
quantity is greater than or equal to the maximum thresh-
old Judgemax; control the heating tube to be periodically
turned on and off when the control quantity is less than
the maximum threshold Judgemax and greater than the
minimum threshold Judgemin, where in one period, an
on duration is the second duration ε and an off duration
is the third duration ∈; and control the heating tube to be
turned on and make an on duration thereof the fourth
duration q when the control quantity is less than or equal
to the minimum threshold Judgemin.
[0014] Optionally, the BP network module is config-
ured to train each of the first BP network and the second
BP network; and during training of the first BP network
and the second BP network, a deviation e(k) between
the set temperature Ts and the detected temperature Tc

in training sample data is used as an error,  is
used as a loss function, and the training is not stopped
until the loss function is minimized, to obtain the first BP
network and the second BP network that are trained.
[0015] The device for controlling a heating tube in a
clothes dryer provided in the embodiments of the present
invention includes: a processor; and a memory, storing
a computer program executable on the processor, where
when the computer program is executed by the proces-
sor, the method for controlling a heating tube in a clothes
dryer provided in the embodiments of the present inven-
tion is implemented.
[0016] The embodiments of the present invention fur-
ther provide a computer-readable storage medium. The
computer-readable storage medium stores a computer
program, where when the computer program is executed,
the method for controlling a heating tube in a clothes
dryer provided in the embodiments of the present inven-
tion is implemented.
[0017] Compared with the related art, the technical so-
lutions of the embodiments of the present invention have
the following beneficial effects.
[0018] For example, the combination of the BP net-
works and the PID control theory to control the heating
tube in the clothes dryer can balance the stability and
accuracy of a control action. When the control action is
strengthened in order to improve the accuracy of the con-
trol action and reduce an error, the stability of the control
action is not to be reduced. When the control action is
restricted in order to ensure the stability of the control
action, the accuracy of the control action is not to be
reduced either.
[0019] In another example, the combination of the BP
networks and the PID control theory to control the heating
tube in the clothes dryer can realize accurate and ther-

mostatic control over the temperature of the heating tube
by the clothes dryer during drying. In this way, the oper-
ation efficiency of the clothes dryer can be improved, and
dried items can be effectively protected.
[0020] In another example, the combination of the BP
networks and the PID control theory to control the heating
tube in the clothes dryer has a strong adaptability, which
can not only be applied to clothes dryers of different mod-
els, but also automatically regulate control parameters
based on the clothes dryers of different models.
[0021] Other features of the present invention are to
be presented in claims, accompanying drawings, and the
description of the accompanying drawings. The features
and combination of features described in the foregoing
description and the features and combination of features
described in the following description of the accompany-
ing drawings and/or briefly shown in the accompanying
drawings may be respectively presented in the described
combination manner, or may be presented in other com-
binations or separately without departing from the scope
of the present invention. Therefore, embodiments that
are not described in the present invention and not shown
in detail in the accompanying drawings but may be con-
ceived from the embodiments described in detail and
may be obtained from the combination of the features
should be considered as being included and disclosed.

FIG. 1 is a schematic structural diagram of a clothes
dryer according to an embodiment of the present in-
vention;
FIG. 2 is a schematic flowchart of a method for con-
trolling a heating tube in a clothes dryer according
to an embodiment of the present invention;
FIG. 3 is a schematic diagram of a structure of a first
BP network according to an embodiment of the
present invention;
FIG. 4 is a schematic diagram of another structure
of a first BP network according to an embodiment of
the present invention;
FIG. 5 is a schematic diagram of a structure of a
second BP network according to an embodiment of
the present invention;
FIG. 6 is a schematic principle diagram of a method
for controlling a heating tube in a clothes dryer ac-
cording to an embodiment of the present invention;
and
FIG. 7 is a principle block diagram of an apparatus
for controlling a heating tube in a clothes dryer ac-
cording to an embodiment of the present invention.

[0022] In the related art, the PID control used for a heat-
ing tube of a clothes dryer cannot resolve the contradic-
tion between the stability and accuracy, and cannot
achieve the optimal control effect either.
[0023] Different from the related art, the present inven-
tion provides an improved method, apparatus, and de-
vice for controlling a heating tube in a clothes dryer and
a storage medium. The method for controlling a heating
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tube in a clothes dryer provided in embodiments of the
present invention includes: obtaining a set temperature
Ts and a detected temperature Tc of the heating tube;
obtaining a temperature deviation parameter based on
the set temperature Ts and the detected temperature Tc;
inputting the temperature deviation parameter into each
of a first BP network and a second BP network that are
pre-trained, to obtain a first control parameter and a sec-
ond control parameter of the heating tube, where the sec-
ond control parameter includes a control threshold; ob-
taining a control quantity of the heating tube based on
the first control parameter; and comparing the control
quantity with the control threshold, and controlling turning
on and off of the heating tube based on a comparison
result.
[0024] Compared with the related art, the technical so-
lutions of the embodiments of the present invention have
the following beneficial effects. For example, the combi-
nation of the BP networks and the PID control theory to
control the heating tube in the clothes dryer can balance
the stability and accuracy of a control action. When the
control action is strengthened in order to improve the
accuracy of the control action and reduce an error, the
stability of the control action is not to be reduced. When
the control action is restricted in order to ensure the sta-
bility of the control action, the accuracy of the control
action is not to be reduced either. In another example,
the combination of the BP networks and the PID control
theory to control the heating tube in the clothes dryer can
realize accurate and thermostatic control over the tem-
perature of the heating tube by the clothes dryer during
drying. In this way, the operation efficiency of the clothes
dryer can be improved, and dried items can be effectively
protected. In another example, the combination of the
BP networks and the PID control theory to control the
heating tube in the clothes dryer has a strong adaptability,
which can not only be applied to clothes dryers of different
models, but also automatically regulate control parame-
ters based on the clothes dryers of different models.
[0025] To make the objectives, features, and beneficial
effects of the embodiments of the present invention more
comprehensible, the specific embodiments of the
present invention are described in detail with reference
to the accompanying drawings.
[0026] FIG. 1 is a schematic structural diagram of a
clothes dryer according to an embodiment of the present
invention.
[0027] Referring to FIG. 1, the clothes dryer 100 may
include a tub 110, a drum 120 rotatably mounted in the
tub 110, and an airflow duct 130 located between the tub
110 and the drum 120. The drum 120 is suitable for re-
ceiving items (not shown in the figure) to dry the items.
Both ends of the airflow duct 130 are separately in com-
munication with an internal space 121 of the drum 120,
to form a drying loop 140 between the airflow duct 130
and the internal space 121 of the drum 120.
[0028] Specifically, the airflow duct 130 may include a
heat exchange section 131 and a heating section 132 in

communication with each other. The heat exchange sec-
tion 131 is provided with a condenser 151 and a fan 152,
and the heating section 132 is provided with a heating
tube 153. The condenser 151 is configured to cool air
entering the heat exchange section 131, the fan 152 is
configured to generate airflow in the drying loop 140, and
the heating tube 153 is configured to heat air entering
the heating section 132.
[0029] When the clothes dryer 100 executes a drying
process, the condenser 151, the fan 152, and the heating
tube 153 are turned on. Hot and wet air in the internal
space 121 of the drum 120 enters the heat exchange
section 131 of the airflow duct 130 under the action of
the fan 152, and is cooled by the condenser 151 to form
cold air in the heat exchange section 131. The cold air
further enters the heating section 132 under the action
of the fan 152, and is heated into hot air under the action
of the heating tube 153. The hot air enters the internal
space 121 of the drum 120 under the action of the fan
152, and exchanges heat with items in the internal space
121 to form hot and wet air. Such a cycle is repeated to
dry the items.
[0030] In a specific implementation, the clothes dryer
100 further includes a temperature sensor suitable for
collecting a drying temperature during execution of the
drying process.
[0031] Specifically, the temperature sensor is suitable
for collecting a heating temperature of the heating tube
153, or collecting a drying temperature of the hot air en-
tering the internal space 121 of the drum 120 during ex-
ecution of the drying process.
[0032] In a specific implementation, the clothes dryer
100 may include an integrated washer dryer and an in-
dependent clothes drying device. In a specific implemen-
tation, the clothes dryer 100 may be provided with one
heating tube 153, or may be provided with at least two
heating tubes 153.
[0033] FIG. 2 is a schematic flowchart of a method for
controlling a heating tube in a clothes dryer according to
an embodiment of the present invention.
[0034] Referring to FIG. 2, the method for controlling
a heating tube in a clothes dryer provided in the embod-
iments of the present invention may include the following
steps:

S1: Obtain a set temperature and a detected tem-
perature of the heating tube.
S2: Obtain a temperature deviation parameter based
on the set temperature and the detected tempera-
ture.
S3: Input the temperature deviation parameter into
each of a first BP network and a second BP network
that are pre-trained, to obtain a first control param-
eter and a second control parameter of the heating
tube, where the second control parameter includes
a control threshold.
S4: Obtain a control quantity of the heating tube
based on the first control parameter.
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S5: Compare the control quantity with the control
threshold, and control turning on and off of the heat-
ing tube based on a comparison result.

[0035] As for step S1, a set temperature and a detected
temperature of a heating tube 153 may be obtained dur-
ing execution of a drying process. The detected temper-
ature is a heating temperature of the heating tube 153
collected by a temperature sensor in a clothes dryer 100,
or a drying temperature of hot air entering an internal
space 121 of a drum 120. The set temperature is a preset
temperature in the drying process.
[0036] In a specific implementation, the clothes dryer
100 may be a water-cooled clothes dryer, or may be an
air-cooled clothes dryer. For a water-cooled clothes dryer
100, a set temperature of a heating tube 153 thereof may
be set within a range greater than or equal to 90°C and
less than or equal to 110°C. For an air-cooled clothes
dryer 100, a set temperature of a heating tube 153 thereof
may be adjusted according to seasons. In summer, the
set temperature of the heating tube 153 may be set to
about 70°C. In winter, the set temperature of the heating
tube 153 may be set to about 60°C.
[0037] In a specific implementation, set temperatures
of clothes dryers 100 of different models are different.
[0038] In a specific implementation, the set tempera-
ture of the heating tube 153 may be represented as Ts,
and the detected temperature of the heating tube 153
may be represented as Tc.
[0039] As for step S2, a temperature deviation param-
eter may be obtained based on the set temperature Ts
and the detected temperature Tc of the heating tube 153.
[0040] In a specific implementation, the temperature
deviation parameter may include a first temperature de-
viation parameter, a second temperature deviation pa-
rameter, and a third temperature deviation parameter.
[0041] Specifically, the first temperature deviation pa-
rameter may be x1 = e(k), the second temperature devi-
ation parameter may be x2 = e(k-1), and the third tem-
perature deviation parameter may be x3 = e(k) - e(k-1),
where e(k) represents a deviation between the set tem-
perature Ts and the detected temperature Tc of the heat-
ing tube 153 at a moment t, and e(k-1) represents a de-
viation between the set temperature Ts and the detected
temperature Tc of the heating tube 153 at a moment (t-1).
[0042] As for step S3, the temperature deviation pa-
rameter may be inputted into each of a first BP network
(that is, a backpropagation neural network) and a second
BP network that are pre-trained, to obtain a first control
parameter and a second control parameter of the heating
tube 153. The first control parameter is obtained through
the first BP network, and the second control parameter
is obtained through the second BP network.
[0043] In a specific implementation, the first control pa-
rameter may include a PID control parameter.
[0044] In some embodiments, the PID control param-
eter may include a proportional coefficient Kp, an integral
coefficient Ki, and a derivative coefficient Kd of the devi-

ation e(k) between the set temperature Ts and the de-
tected temperature Tc of the heating tube at the moment
t.
[0045] In a specific implementation, the first BP net-
work may be constructed based on input (that is, the tem-
perature deviation parameter) and output (that is, the first
control parameter) thereof.
[0046] FIG. 3 is a schematic diagram of a structure of
a first BP network according to an embodiment of the
present invention.
[0047] Referring to FIG. 3, the first BP network 200
may include an input layer 210, a hidden layer 220, and
an output layer 230 connected in sequence. The input
layer 210 includes three neurons respectively corre-
sponding to the first temperature deviation parameter x1
= e(k), the second temperature deviation parameter x2
= e(k-1), and the third temperature deviation parameter
x3 = e(k) - e(k-1). The output layer 230 includes three
neurons respectively corresponding to the proportional
coefficient Kp, the integral coefficient Ki, and the deriva-
tive coefficient Kd of the deviation e(k).
[0048] In a specific implementation, a quantity of neu-
rons in the hidden layer 220 may be obtained based on
the Kolmogorov theorem or any known common knowl-
edge or existing technical means in the art.
[0049] In an example shown in FIG. 3, the quantity of
the neurons in the hidden layer 220 of the first BP network
200 is obtained by using the Kolmogorov theorem, and
is specifically seven.
[0050] In a specific implementation, the hidden layer
220 may use a Sigmoid function as an activation function,
and the output layer 230 may use a non-negative Sigmoid
function as an activation function.
[0051] In some other embodiments, the PID control pa-
rameter may alternatively be a fractional-order PIαDβ

control parameter (the fractional-order PIαDβ theory was
proposed by Professor Podlubny based on a combination
of the fractional-order calculus theory and the PID tuning
theory), and the use of the PIαDβ control parameter can
obtain better control performance compared with the use
of the conventional PID control parameter (that is, the
proportional coefficient Kp, the integral coefficient Ki, and
the derivative coefficient Kd of the deviation e(k)).
[0052] Specifically, the PID control parameter may in-
clude the proportional coefficient Kp, the integral coeffi-
cient Ki, and the derivative coefficient Kd of the deviation
e(k) of the heating tube at the moment t, any real number
α, and any real number β. In this way, a first BP network
different from that in the example shown in FIG. 3 may
be constructed.
[0053] FIG. 4 is a schematic diagram of another struc-
ture of a first BP network according to an embodiment of
the present invention.
[0054] Referring to FIG. 4, the first BP network 300
may include an input layer 310, a hidden layer 320, and
an output layer 330 connected in sequence. The input
layer 310 includes three neurons respectively corre-
sponding to the first temperature deviation parameter x1
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= e(k), the second temperature deviation parameter x2
= e(k-1), and the third temperature deviation parameter
x3 = e(k) - e(k-1). The output layer 330 includes five neu-
rons respectively corresponding to the proportional co-
efficient Kp, the integral coefficient Ki, and the derivative
coefficient Kd of the deviation e(k), any real number α,
and any real number β.
[0055] In a specific implementation, a quantity of neu-
rons in the hidden layer 320 of the first BP network 300
may also be obtained based on the Kolmogorov theorem
or any known common knowledge or existing technical
means in the art.
[0056] In an example shown in FIG. 4, the quantity of
the neurons in the hidden layer 320 of the first BP network
300 is obtained by using the Kolmogorov theorem, and
is specifically seven.
[0057] In a specific implementation, the hidden layer
320 of the first BP network 300 may also use a Sigmoid
function as an activation function, and the output layer
330 thereof may also use a non-negative Sigmoid func-
tion as an activation function.
[0058] After the first BP network is constructed, training
sample data may be used to train the first BP network to
obtain a trained first BP network. Training of the first BP
network is described in the subsequent part of this spec-
ification.
[0059] In the embodiments of the present invention,
the first temperature deviation parameter x1 = e(k), the
second temperature deviation parameter x2 = e(k-1), and
the third temperature deviation parameter x3 = e(k) - e(k-
1) may be inputted into the pre-trained first BP network,
to obtain the first control parameter of the heating tube
153.
[0060] In some embodiments, the first control param-
eter includes the proportional coefficient Kp, the integral
coefficient Ki, and the derivative coefficient Kd of the de-
viation e(k) of the heating tube at the moment t.
[0061] In some other embodiments, the first control pa-
rameter includes the proportional coefficient Kp, the in-
tegral coefficient Ki, and the derivative coefficient Kd of
the deviation e(k) of the heating tube at the moment t,
any real number α, and any real numberβ.
[0062] As for step S4, a control quantity of the heating
tube 153 may be obtained based on the first control pa-
rameter.
[0063] In a specific implementation, the control quan-
tity of the heating tube 153 may be represented by a
transfer function G(s) of PID control.
[0064] When the first control parameter includes the
proportional coefficient Kp, the integral coefficient Ki, and
the derivative coefficient Kd of the deviation e(k) of the
heating tube at the moment t, the control quantity of the
heating tube 153 may be represented as: 

[0065] When the first control parameter includes the
proportional coefficient Kp, the integral coefficient Ki, and
the derivative coefficient Kd of the deviation e(k) of the
heating tube at the moment t, any real number α, and
any real number β, the control quantity of the heating
tube 153 may be represented as: 

[0066] In some embodiments, the second control pa-
rameter may include a control threshold.
[0067] In a specific implementation, the second BP net-
work may be constructed based on input (that is, the tem-
perature deviation parameter) and output (that is, the
second control parameter) thereof.
[0068] In a specific implementation, the second BP net-
work may also include an input layer, a hidden layer, and
an output layer connected in sequence. The input layer
includes three neurons respectively corresponding to the
first temperature deviation parameter x1 = e(k), the sec-
ond temperature deviation parameter x2 = e(k-1), and
the third temperature deviation parameter x3 = e(k) - e(k-
1). A quantity of neurons in the output layer may be a
quantity of parameters of the control threshold.
[0069] In a specific implementation, a quantity of neu-
rons in the hidden layer of the second BP network may
also be obtained based on the Kolmogorov theorem or
any known common knowledge or existing technical
means in the art.
[0070] In a specific implementation, the hidden layer
of the second BP network may also use a Sigmoid func-
tion as an activation function, and the output layer may
also use a non-negative Sigmoid function as an activation
function.
[0071] After the second BP network is constructed,
training sample data may be used to train the second BP
network to obtain a trained second BP network.
[0072] In the embodiments of the present invention,
the first temperature deviation parameter x1 = e(k), the
second temperature deviation parameter x2 = e(k-1), and
the third temperature deviation parameter x3 = e(k) - e(k-
1) may be inputted into the pre-trained second BP net-
work, to obtain the second control parameter of the heat-
ing tube 153, including the control threshold.
[0073] As for step S5, the control quantity G(s) of the
heating tube 153 may be compared with the control
threshold, and turning on and off of the heating tube 153
may be controlled based on a comparison result.
[0074] In some embodiments, the control threshold
may be a single parameter. When the control quantity
G(s) of the heating tube 153 is greater than or equal to
the control threshold, an on control signal may be gen-
erated to control the heating tube 153 to be turned on.
When the control quantity G(s) of the heating tube 153
is less than the control threshold, an off control signal
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may be generated to control the heating tube 153 to be
turned off.
[0075] In some other embodiments, the control thresh-
old may include two parameters that are respectively a
maximum threshold and a minimum threshold. When the
control quantity G(s) of the heating tube 153 is greater
than or equal to the maximum threshold, a first control
signal may be generated to control the heating tube 153
to be turned on. When the control quantity G(s) of the
heating tube 153 is less than the maximum threshold and
greater than the minimum threshold, a second control
signal may be generated to control the heating tube 153
to be periodically turned on and off. When the control
quantity G(s) of the heating tube 153 is less than or equal
to the minimum threshold, a third control signal may be
generated to control the heating tube 153 to be turned off.
[0076] In a specific implementation, the second control
parameter may further include a first duration, a second
duration, a third duration, and a fourth duration, and the
controlling turning on and off of the heating tube 153
based on a comparison result described in step S5 may
include:

controlling the heating tube 153 to be turned off and
making an off duration thereof the first duration when
the control quantity G(s) of the heating tube 153 is
greater than or equal to the maximum threshold;
controlling the heating tube 153 to be periodically
turned on and off when the control quantity G(s) of
the heating tube 153 is less than the maximum
threshold and greater than the minimum threshold,
where in one period, an on duration is the second
duration and an off duration is the third duration; and
controlling the heating tube 153 to be turned on and
making an on duration thereof the fourth duration
when the control quantity G(s) of the heating tube
153 is less than or equal to the minimum threshold.

[0077] In a specific implementation, the maximum
threshold may be represented as Judgemax, the mini-
mum threshold may be represented as Judgemin, the
first duration may be represented as n, the second du-
ration may be represented as ε, the third duration may
be represented as ∈, and the fourth duration may be
represented as q. In addition, the six parameters (that is,
the second control parameter) are all used as the output
of the second BP network.
[0078] In a specific implementation, the second BP net-
work may be constructed based on the input (that is, the
temperature deviation parameter) and the output (that is,
the second control parameter) thereof.
[0079] FIG. 5 is a schematic diagram of a structure of
a second BP network according to an embodiment of the
present invention.
[0080] Referring to FIG. 5, the second BP network 400
may include an input layer 410, a hidden layer 420, and
an output layer 430 connected in sequence. The input
layer 410 includes three neurons respectively corre-

sponding to the first temperature deviation parameter x1
= e(k), the second temperature deviation parameter x2
= e(k-1), and the third temperature deviation parameter
x3 = e(k) - e(k-1). The output layer 430 includes six neu-
rons respectively corresponding to the maximum thresh-
old Judgemax, the minimum threshold Judgemin, the first
duration n, the second duration ε, the third duration ∈,
and the fourth duration q.
[0081] In a specific implementation, a quantity of neu-
rons in the hidden layer 420 of the second BP network
400 may also be obtained based on the Kolmogorov the-
orem or any known common knowledge or existing tech-
nical means in the art.
[0082] In an example shown in FIG. 5, the quantity of
the neurons in the hidden layer 420 of the second BP
network 400 is obtained by using the Kolmogorov theo-
rem, and is specifically seven.
[0083] In a specific implementation, the hidden layer
420 of the second BP network 400 may also use a Sig-
moid function as an activation function, and the output
layer 430 thereof may also use a non-negative Sigmoid
function as an activation function.
[0084] After the second BP network 400 is constructed,
training sample data may be used to train the second BP
network to optimize a weight and a bias of the second
BP network 400 and obtain a trained second BP network
400.
[0085] In the embodiments of the present invention,
the first temperature deviation parameter x1 = e(k), the
second temperature deviation parameter x2 = e(k-1), and
the third temperature deviation parameter x3 = e(k) - e(k-
1) may be inputted into the pre-trained second BP net-
work 400, to obtain the second control parameter of the
heating tube 153, including the maximum threshold
Judgemax, the minimum threshold Judgemin, the first
duration n, the second duration ε, the third duration ∈,
and the fourth duration q.
[0086] In a specific implementation of step S5, the con-
trol quantity G(s) of the heating tube 153 may be com-
pared with the maximum threshold Judgemax and the
minimum threshold Judgemin, and the heating tube 153
may be controlled to be turned on or off based on a com-
parison result and the first duration n, the second duration
ε, the third duration ∈, and the fourth duration q.
[0087] FIG. 6 is a schematic principle diagram of a
method for controlling a heating tube in a clothes dryer
according to an embodiment of the present invention.
Training of a first BP network and a second BP network
is described below with reference to FIG. 6. The first BP
network 300 shown in FIG. 4 is used as an example of
the first BP network, and the second BP network 400
shown in FIG. 5 is used as an example of the second BP
network.
[0088] In a specific implementation, training sample
data suitable for training the first BP network 300 and the
second BP network 400 may include the set temperature
Ts, the detected temperature Tc, and the on and off con-
trol signals of the heating tube 153.
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[0089] In a specific implementation, the training sam-
ple data may be obtained based on the clothes dryers
100 of different models, so as to train the first BP network
300 and the second BP network 400 for each of the
clothes dryers 100 of different models. In this way, the
heating tube 153 in the clothes dryer 100 of each model
can be accurately controlled.
[0090] In a specific implementation, noise reduction
and filtering may be performed on the training sample
data first, and the training sample data after processing
is then labeled based on the model of the clothes dryer
100 and the set temperature Ts, to obtain labeled final
training sample data.
[0091] The noise reduction, the filtering, and the labe-
ling of the training sample data may be implemented by
using common knowledge or existing technical means in
the art, which are not described in detail herein.
[0092] In a specific implementation, the first BP net-
work 300 and the second BP network 400 may be trained
based on the final training sample data.
[0093] During the training, common knowledge or ex-
isting algorithms in the art may be used to optimize pa-
rameters of the first BP network 300 and the second BP
network 400 such as weights ω, learning rates ρ, and
inertial rates α. The embodiments of the present inven-
tion make no limitation on the selection of a specific al-
gorithm, as long as the algorithm can optimize the pa-
rameters of the first BP network 300 and the second BP
network 400 such as the weights ω, the learning rates ρ,
and the inertial rates α.
[0094] For example, a genetic algorithm may be used
to optimize the parameters of the first BP network 300
and the second BP network 400 such as the weights ω,
the learning rates ρ, and the inertial rates α.
[0095] In some embodiments, when the genetic algo-
rithm is used to optimize the first BP network 300, the
learning rate ρ = 0.26 and the inertial rate α = 0.05 of the
first BP network 300 can be obtained.
[0096] During the training of the first BP network 300,
the deviation e(k) between the set temperature Ts and
the detected temperature Tc in the final training sample

data is used as an error,  is used as a loss
function, and the training is not stopped until the loss
function is minimized, to obtain the trained first BP net-
work 300.
[0097] During the training of the second BP network
400, similarly, the deviation e(k) between the set temper-
ature Ts and the detected temperature Tc in the final

training sample data is used as an error,  is
used as a loss function, and the training is not stopped
until the loss function is minimized, to obtain the trained
second BP network 400.
[0098] The method for controlling the heating tube 153
in the clothes dryer 100 provided in the embodiments of

the present invention needs to be implemented based
on the first control parameter and the second control pa-
rameter; and the first control parameter is obtained based
on the first BP network 300, and the second control pa-
rameter is obtained based on the second BP network
400. In addition, the training of both the first BP network
300 and the second BP network 400 uses the deviation
e(k) between the set temperature Ts and the detected
temperature Tc in the training sample data as the error,

and uses  as the loss function. Therefore, the
training of the first BP network 300 and the second BP
network 400 needs to be carried out simultaneously. That
is, the training of the first BP network 300 and the second
BP network 400 may be implemented in a same training
process, the training of the first BP network 300 and the
second BP network 400 cannot be split, and the training
of the first BP network 300 and the second BP network
400 cannot be carried out separately or independently.
[0099] FIG. 7 is a principle block diagram of an appa-
ratus for controlling a heating tube in a clothes dryer ac-
cording to an embodiment of the present invention.
[0100] Referring to FIG. 7, the apparatus 500 for con-
trolling a heating tube 153 in a clothes dryer 100 includes
an obtaining module 510, a first calculation module 520,
a BP network module 530, a second calculation module
540, and a control module 550.
[0101] Specifically, the obtaining module 510 is con-
figured to obtain a set temperature Ts and a detected
temperature Tc of the heating tube 153 when the clothes
dryer 100 executes a drying process; the first calculation
module 520 is configured to obtain a temperature devi-
ation parameter based on the set temperature Ts and
the detected temperature Tc; the BP network module 530
is configured to input the temperature deviation param-
eter into each of a first BP network and a second BP
network that are pre-trained, to obtain a first control pa-
rameter and a second control parameter of the heating
tube 153, where the second control parameter includes
a control threshold; the second calculation module 540
is configured to obtain a control quantity G(s) of the heat-
ing tube 153 based on the first control parameter; and
the control module 550 is configured to compare the con-
trol quantity G(s) with the control threshold, and control
turning on and off of the heating tube 153 based on a
comparison result.
[0102] In some embodiments, the control threshold
may include a maximum threshold Judgemax and a min-
imum threshold Judgemin, the second control parameter
may further include a first duration n, a second duration
ε, a third duration ∈, and a fourth duration q, and the
control module 550 may be configured to:

control the heating tube 153 to be turned off and
make an off duration thereof n when G(s) ≥ Judge-
max;
control the heating tube 153 to be periodically turned
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on and off when Judgemax > G(s) > Judgemin,
where in one period, an on duration is ε and an off
duration is ∈; and
control the heating tube 153 to be turned on and
make an on duration thereof q when G(s)≤Judgemin.

[0103] In some embodiments, the BP network module
530 is further configured to separately train the first BP
network and the second BP network; and during training
of the first BP network and the second BP network, a
deviation e(k) between the set temperature Ts and the
detected temperature Tc in training sample data is used

as an error,  is used as a loss function, and the
training is not stopped until the loss function is minimized,
to obtain the first BP network and the second BP network
that are trained.
[0104] In a specific implementation, the obtaining mod-
ule 510, the first calculation module 520, the BP network
module 530, the second calculation module 540, and the
control module 550 may all be implemented based on
the technical solutions of the method for controlling a
heating tube in a clothes dryer disclosed in the embodi-
ments of the present invention.
[0105] The embodiments of the present invention fur-
ther provide a device for controlling a heating tube in a
clothes dryer. The device includes a processor and a
memory, the memory storing a computer program exe-
cutable on the processor, where when the computer pro-
gram is executed by the processor, the method for con-
trolling a heating tube in a clothes dryer disclosed in the
embodiments of the present invention is implemented.
[0106] Further referring to FIG. 1, the clothes dryer 100
provided in the embodiments of the present invention
may further include a control apparatus 160.
[0107] Specifically, the control apparatus 160 may in-
clude the foregoing processor and memory. The proces-
sor may be connected to electrical components such as
the heating tube 153, and is suitable for controlling the
electrical components such as the heating tube 153 to
work when executing the foregoing computer program.
[0108] The embodiments of the present invention fur-
ther provide a computer-readable storage medium. The
computer-readable storage medium stores a computer
program, where when the computer program is executed,
the method for controlling a heating tube in a clothes
dryer disclosed in the embodiments of the present inven-
tion is implemented.
[0109] Although specific implementations are de-
scribed above, the implementations are not intended to
limit the scope disclosed in the present invention, even
if only a single implementation is described relative to a
specific feature. The feature examples provided in the
present invention are intended to be illustrative rather
than limiting, unless different expressions are made. Dur-
ing specific implementation, according to an actual re-
quirement, in a technically feasible case, the technical

features of one or more dependent claims may be com-
bined with the technical features of the independent
claims, and the technical features from the corresponding
independent claims may be combined in any appropriate
way instead of using just specific combinations listed in
the claims.
[0110] Although the present invention is disclosed
above, the present invention is not limited thereto. A per-
son skilled in the art can make various changes and mod-
ifications without departing from the spirit and the scope
of the present invention. Therefore, the protection scope
of the present invention should be subject to the scope
defined by the claims.

Claims

1. A method for controlling a heating tube (153) in a
clothes dryer (100), characterized by comprising:

obtaining a set temperature Ts and a detected
temperature Tc of the heating tube (153);
obtaining a temperature deviation parameter
based on the set temperature Ts and the detect-
ed temperature Tc;
inputting the temperature deviation parameter
into each of a first backpropagation (BP) network
(200, 300) and a second BP network (400) that
are pre-trained, to obtain a first control param-
eter and a second control parameter of the heat-
ing tube (153), wherein the second control pa-
rameter comprises a control threshold;
obtaining a control quantity of the heating tube
(153) based on the first control parameter; and
comparing the control quantity with the control
threshold, and controlling turning on and off of
the heating tube (153) based on a comparison
result.

2. The method according to claim 1, characterized in
that the second control parameter comprises a first
duration n, a second duration ε, a third duration ∈,
and a fourth duration q, the control threshold com-
prises a maximum threshold Judgemax and a mini-
mum threshold Judgemin, and the controlling turning
on and off of the heating tube (153) based on a com-
parison result comprises:

controlling the heating tube (153) to be turned
off and making an off duration thereof the first
duration n when the control quantity is greater
than or equal to the maximum threshold Judge-
max;
controlling the heating tube (153) to be periodi-
cally turned on and off when the control quantity
is less than the maximum threshold Judgemax
and greater than the minimum threshold
Judgemin, wherein in one period, an on duration
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is the second duration ε and an off duration is
the third duration ∈; and
controlling the heating tube (153) to be turned
on and making an on duration thereof the fourth
duration q when the control quantity is less than
or equal to the minimum threshold Judgemin.

3. The method according to claim 1 or 2, characterized
in that during training of the first BP network (200,
300) and the second BP network (400), a deviation
e(k) between the set temperature Ts and the detect-
ed temperature Tc in training sample data is used

as an error,  is used as a loss function,
and the training is not stopped until the loss function
is minimized, to obtain the first BP network (200, 300)
and the second BP network (400) that are trained.

4. The method according to claim 1 or 2, characterized
in that the temperature deviation parameter com-
prises: a first temperature deviation parameter x1 =
e(k), a second temperature deviation parameter x2
= e(k-1), and a third temperature deviation parame-
ter x3 = e(k) - e(k-1), wherein e(k) represents a de-
viation between the set temperature Ts and the de-
tected temperature Tc of the heating tube (153) at a
moment t, and e(k-1) represents a deviation between
the set temperature Ts and the detected temperature
Tc of the heating tube (153) at a moment (t-1).

5. The method according to claim 4, characterized in
that the first control parameter is a proportional-in-
tegral-derivative (PID) control parameter, and the
control quantity is represented by a transfer function
G(s) of PID control.

6. The method according to claim 5, characterized in
that the PID control parameter comprises a propor-
tional coefficient Kp, an integral coefficient Ki, and a
derivative coefficient Kd of the deviation e(k) of the
heating tube (153) at the moment t; and
the control quantity is: 

7. The method according to claim 5, characterized in
that the PID control parameter comprises a propor-
tional coefficient Kp, an integral coefficient Ki, and a
derivative coefficient Kd of the deviation e(k) of the
heating tube (153) at the moment t, any real number
α, and any real number β; and
the control quantity is: 

8. An apparatus (500) for controlling a heating tube
(153) in a clothes dryer (100), characterized by
comprising:

an obtaining module (510), configured to obtain
a set temperature Ts and a detected tempera-
ture Tc of the heating tube (153);
a first calculation module (520), configured to
obtain a temperature deviation parameter based
on the set temperature Ts and the detected tem-
perature Tc;
a backpropagation (BP) network module (530),
configured to input the temperature deviation
parameter into each of a first BP network (200,
300) and a second BP network (400) that are
pre-trained, to obtain a first control parameter
and a second control parameter of the heating
tube (153), wherein the second control param-
eter comprises a control threshold;
a second calculation module (540), configured
to obtain a control quantity of the heating tube
(153) based on the first control parameter; and
a control module (550), configured to compare
the control quantity with the control threshold,
and control turning on and off of the heating tube
(153) based on a comparison result.

9. The apparatus (500) according to claim 8, charac-
terized in that the control threshold comprises a
maximum threshold Judgemax and a minimum
threshold Judgemin, the second control parameter
comprises a first duration n, a second duration ε, a
third duration ∈, and a fourth duration q, and the
control module (550) is configured to:

control the heating tube (153) to be turned off
and make an off duration thereof the first dura-
tion n when the control quantity is greater than
or equal to the maximum threshold Judgemax;
control the heating tube (153) to be periodically
turned on and off when the control quantity is
less than the maximum threshold Judgemax
and greater than the minimum threshold
Judgemin, wherein in one period, an on duration
is the second duration ε and an off duration is
the third duration ∈; and
control the heating tube (153) to be turned on
and make an on duration thereof the fourth du-
ration q when the control quantity is less than or
equal to the minimum threshold Judgemin.

10. The apparatus according to claim 8, characterized
in that the BP network module (530) is configured
to train each of the first BP network (200, 300) and
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the second BP network (400); and during training of
the first BP network (200, 300) and the second BP
network (400), a deviation e(k) between the set tem-
perature Ts and the detected temperature Tc in train-

ing sample data is used as an error,  is
used as a loss function, and the training is not
stopped until the loss function is minimized, to obtain
the first BP network (200, 300) and the second BP
network (400) that are trained.

11. A device for controlling a heating tube (153) in a
clothes dryer (100), characterized by comprising:

a processor; and
a memory, storing a computer program execut-
able on the processor,
wherein when the computer program is execut-
ed by the processor, the method according to
any one of claims 1 to 7 is implemented.

12. A computer-readable storage medium, storing a
computer program, characterized in that when the
computer program is executed, the method accord-
ing to any one of claims 1 to 7 is implemented.
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