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(57)  Provided are a vapor ablation apparatus, and
heating control method, controller, apparatus, and me-
dium thereof; the heating control method includes: mon-
itoring the current water level, current pressure, and cur-
rent in-generator temperature of a steam generator; con-
trolling a heating apparatus according to the current wa-
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needs of a steam generator during heating, and the con-
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Description
TECHNICAL FIELD

[0001] The disclosure relates to the field of control of
medical apparatus, in particular to a steam ablation ap-
paratus and heating control method, controller, appara-
tus and medium thereof.

DESCRIPTION OF THE PRIOR ART

[0002] Steam ablation is an emerging technology that
forms high-temperature steam and then applies high-
temperature steam to the target site in the patient’s body.
It can be used for local tissue inflammation, injury repair,
etc. Steam ablation can be applied, for example, to the
bronchi, but is not limited thereto.

[0003] The steam ablation apparatus can be provided
with a steam generator. During the steam ablation and
its preparation process, the steam generator needs to be
heated. In the related art, the steam generator is heated
by manual manipulation, for example, by manually turn-
ing on or off the heating device. Therefore, the manual
manipulation has a low efficiency, and the heating effect
depends on the operator’s experience and response dur-
ing manipulation, which is not stable.

SUMMARY OF THE DISCLOSURE
TECHNICAL PROBLEM

[0004] The present disclosure provides a steam abla-
tion apparatus and heating control method, controller,
apparatus and medium thereof to solve the problem of
low efficiency of manual manipulation, and that the heat-
ing effect depends on the operator’s experience and re-
sponse during manipulation, which is not stable.

TECHNICAL SOLUTION

[0005] According to a first aspect of the present disclo-
sure, a heating control method for steam ablation appa-
ratus is provided, which is applied to a control device of
the steam ablation apparatus. The steam ablation appa-
ratus includes a steam generator and a heating device,
and the heating device is capable of being controlled by
the control device and heat the steam generator when
the heating device is controlled to be turned on;

The heating control method includes:

Monitoring a current water level in the steam gener-
ator, a current pressure and a current temperature
in the generator; and

Controlling the heating device according to the cur-
rent water level, the current pressure and the current
temperature in the generator.

[0006] In the present disclosure, since the factors for
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the control of the heating device include the current water
level, the current temperature in the generator and the
current pressure, the steam generator can be heated ac-
cording to the current actual water level, temperature in
the generator and pressure, so that the actual heating
requirements can be timely and accurately met. Further,
the heating device is automatically controlled by the con-
trol device, without relying on manual manipulation and
with ahigh efficiency, and the control is stable, regardless
of the condition, knowledge and experience of the oper-
ator. Therefore, the present disclosure can automatically
meet the heating requirements for the steam generator
accurately, timely and efficiently, and the control has a
better stability.

[0007] Optionally, the step of controlling the heating
device according to the current water level, the current
pressure and the current temperature in the generator
specifically includes:

Controlling the heating device to be turned on or off
according to the current water level, and a specified
anti-dry-burning waterlevel and/ or minimum normal
water level; and

Controlling a heating power of the heating device
according to the current pressure and the current
temperature in the generator after the heating device
is turned on.

[0008] Inthe above optional solution, since the heating
will affect the pressure and the temperature in the gen-
erator, the heating power can be controlled in a closed
cycle based on the current pressure and the current tem-
perature in the generator, which allows the heating power
to accurately reach the target (e.g. target pressure and
target temperature in the generator in a further optional
solution).

[0009] Optionally, the step of controlling the heating
device to be turned on or off according to the current
water level, and the specified anti-dry-burning water level
and/or minimum normal water level specifically includes:

Turning on the heating device if the current water
level is higher than or equal to the specified minimum
normal water level; and

Turning off the heating device if the current water
level is lower than the minimum normal water level
and higher than or equal to the anti-dry-burning water
level.

[0010] Inthe above optional solution, by turning off the
heating device in time when the current water level is
lower than the minimum normal water level, continuous
heating causing the water level to rapidly drop to the anti-
dry-burning water level and thus resulting in potential
safety hazards can be avoided.

[0011] Optionally, the heating device includes a plural-
ity of heaters;

The step of controlling the heating power of the heating
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device according to the current pressure and the current
temperature in the generator specifically includes:

Controlling the turned-on heating device to heat with
a target power when the current pressure or the cur-
rent temperature in the generator falls within a set
firstrange; the target power matching a heating pow-
er when all heaters of the heating device are turned
on; and

Adjusting the heating power of the heating device
according to the current temperature in the genera-
tor, the current pressure and set target parameters
when the current pressure orthe current temperature
in the generator falls within a second range, wherein
values in the second range are greater than the first
range, the target parameters comprise a target tem-
perature and a target pressure, and the target tem-
perature orthe target pressure falls within the second
range.

[0012] Inthe above optional solution, when the current
pressure or the current temperature in the generator is
at a small value (such as the first range), all heaters can
be controlled to be turned on to reach a higher heating
power (such as the maximum heating power), facilitating
reaching a greater value (such as the second range)
close to the target parameter as soon as possible, and
when reaching this range, fine control can be achieved
based on the target temperature and target pressure. It
can be seen that the above process meets both the effi-
ciency and accuracy requirements for heating.

[0013] Optionally, before the step of controlling the
heating device to be turned on or off according to the
current water level, and the specified anti-dry-burning
water level and / or minimum normal water level, the
method further includes:

[0014] Determining that the steam ablation apparatus
enters a target operating state being any one of a pre-
heating state, a standby state, and an ablation prepara-
tion state.

[0015] In the above optional solution, the heating can
be started in time after entering the target operating state,
for example, the preheating state, standby state and ab-
lation preparation state that need to be heated. The target
operating state is switched automatically, and the
processing efficiency is improved.

[0016] Optionally, the heating control method further
includes monitoring a current steam temperature of the
steam generator;

Before the step of determining that the steam ablation
apparatus enters the target operating state, the method
further includes:

Determining that the steam ablation apparatus has met
requirements for the target operating state according to
at least one of the current water level, the current steam
temperature and the current pressure, and the current
operating state of the steam ablation apparatus.

[0017] The above optional solution provides a basis
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for the automatic switch of the state of the steam ablation
apparatus, and thus the processing step can be auto-
matically switched, so that the apparatus can enter the
corresponding state in a timely and accurate manner for
corresponding processing, ensuring the efficiency of the
whole process.

[0018] Optionally, if the target operating state is the
preheating state:

The step of determining that the steam ablation appara-
tus has met requirements for the target operating state
according to at least one of the current water level, the
current steam temperature and the current pressure, and
the current operating state of the steam ablation appa-
ratus specifically includes:

Detecting that the current water level of the steam gen-
erator meets requirements for preheating when the
steam ablation apparatus is in a filling state.

[0019] The step of detecting thatthe currentwater level
of the steam generator meets requirements for preheat-
ing specifically includes:

Detecting that the current water level is higher than the
specified minimum normal water level.

[0020] In the above optional solution, it is determined
whether the water level required for preheating is met,
thus providing a basis for the switch of the operating state,
and arelatively sufficientamount of water can be ensured
when the subsequent heating is started.

[0021] Optionally, if the target operating state is the
standby state:

The step of determining that the steam ablation appara-
tus has met requirements for the target operating state
according to at least one of the current water level, the
current steam temperature and the current pressure, and
the current operating state of the steam ablation appa-
ratus specifically includes:

Detecting that the current water level and the current
steam temperature of the steam generator meet require-
ments for standby when the steam ablation apparatus is
in the preheating state.

[0022] Optionally, the step of detecting that the current
water level and the current steam temperature of the
steam generator meet requirements for standby in-
cludes:

Detecting that the current water level is higher than or
equal to a specified maximum normal water level, and
the current steam temperature is higher than a set dis-
infection temperature threshold.

[0023] In the above optional solution, it is determined
whether the water level and steam requirements for
standby are met, thus providing a basis for the switch of
the operating state. Also, a sufficient amount of water
(that is, higher than the maximum normal water level)
and disinfection temperature during subsequent standby
are ensured. Based on the water amount, the steam with
a required pressure and the supply of the steam in the
subsequent process can be ensured. Based on the dis-
infection temperature, disinfection during standby can be
achieved.
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[0024] Optionally, if the target operating state is the
ablation preparation state:

The step of determining that the steam ablation appara-
tus has met requirements for the target operating state
according to at least one of the current water level, the
current steam temperature and the current pressure, and
the current operating state of the steam ablation appa-
ratus specifically includes:

Detecting that the current water level of the steam gen-
erator meets requirements for steam ablation and the
steam ablation apparatus has been disinfected when the
steam ablation apparatus is in the standby state.
[0025] Optionally, the step of detecting that the current
water level of the steam generator meets requirements
for steam ablation includes:

Detecting that the current water level is higher than or
equal to a specified maximum normal water level.
[0026] In the above alternatives, it is determined
whether the water level required for steam ablation and
disinfection are met, thus providing a basis for the switch
of the operating state. Also, a sufficient amount of water
(that is, higher than the maximum normal water level)
and safety during subsequent ablation are ensured.
[0027] Optionally, the step of controlling the heating
device to be turned on according to the current water
level and the specified anti-dry-burning water level spe-
cifically includes:

Turning on the heating device when the current water
level is higher than or equal to the anti-dry-burning water
leveland the currenttemperature in the generator is high-
er than a set heat-discharging temperature threshold.
[0028] Optionally, the heating device includes a plural-
ity of heaters;

The step of controlling the heating power of the heating
device according to the current pressure and the current
temperature in the generator specifically includes:

Controlling the turned-on heating device to heat with
a target power matching a heating power when all
heaters of the heating device are turned on;
Controlling the heating device to keep heating with
the target power when the current pressure is lower
than a set heat-discharging pressure threshold and
the current pressure or the current temperature in
the generator falls within a set first range;
Adjusting the heating power of the heating device
according to the current temperature in the genera-
tor, the current pressure and set target parameters
when the current pressure is lower than the set heat-
discharging pressure threshold and the current pres-
sure or the current temperature in the generator falls
within a set second range; values in the second
range are greater than the first range, the target pa-
rameters are the target temperature and target pres-
sure in the generator, and the target temperature in
the generator or the target pressure falls within the
second range.

10

15

20

25

30

35

40

45

50

55

[0029] Optionally, before the step of controlling the
heating device to be turned on according to the current
water level and the specified anti-dry-burning water level,
the method further includes:

Determining that the steam ablation apparatus enters a
shutdown operation state.

[0030] In the above optional solution, heating can be
performed in the shutdown state, so as to meet the re-
quirement of heat-discharging (discharging the water in
the steam generator by heating) in the shutdown state,
so that the water in the steam generator can be dis-
charged quickly in the shutdown state.

[0031] Optionally, the steam ablation apparatus has a
plurality of operating states, and the plurality of operating
states comprise filling state, preheating state, standby
state, ablation preparation state and shutdown operation
state;

The filling state refers to the state of filling the steam
generator with water but without preheating;

The preheating state refers to the state of preheating
the internal environment of the steam generator;
The standby state refers to the state where the steam
ablation apparatus is disinfected and the steam gen-
erator meets the requirements for steam ablation;
The ablation preparation state refers to the state
where the steam generator can always meet the re-
quirements for steam ablation.

[0032] Inthe above technical solution, the specific def-
inition and implementation of the states allow the steam
generator to gradually form and maintain the steam re-
quired for ablation based on the principle of steam for-
mation, so as to meet the steam ablation requirements,
and provide basis for achieving the whole process auto-
matically and gradually.

[0033] According to a second aspect of the present
disclosure, a heating controller for steam ablation appa-
ratus is provided, which is applied to the control device
of the steam ablation apparatus, the steam ablation ap-
paratusincludes a steam generator and a heating device,
and the heating device is configured to be controlled by
the control device and heat the steam generator when
the heating device is controlled to be turned on;

The heating controller includes:

A monitoring module, configured to monitor a current
water level in the steam generator, a current pres-
sure and a current temperature in the generator; and
A heating control module, configured to control the
heating device according to the current water level,
the current pressure and the current temperature in
the generator.

[0034] According to a third aspect of the present dis-
closure, a steam ablation apparatus is provided, includ-
ing a steam generator, a heating device, and a control
device, the heating device is configured to be controlled
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by the control device and heat the steam generator when
the heating device is controlled to be turned on, and the
control device is configured to execute the heating control
method and the related optional solutions according to
the first aspect.

[0035] According to a fourth aspect of the present dis-
closure, an electronic device is provided, including a
processor and a memory,

The memory is used to store codes;

The processor is configured to execute the codes in
the memory to implement the heating control method
and the related optional solutions according to the
first aspect.

[0036] According to a fifth aspect of the present disclo-
sure, a storage medium is provided, in which a computer
program is stored, and when the program is executed by
a processor, the heating control method and the related
optional solutions according to the first aspect is imple-
mented.

BRIEF DESCRIPTION OF DRAWINGS

[0037] In order to more clearly illustrate the technical
solutions of the embodiments of the present disclosure
or the prior art, the drawings that need to be referred in
the description of the embodiments or the prior art will
be briefly introduced in the following. Obviously, the
drawings in the following only show some embodiments
ofthe presentdisclosure. Forthose skilled in the art, other
drawings can also be obtained according to these draw-
ings without any creative effort.

FIG. 1 is a first schematic diagram of the arrange-
ment of a steam ablation apparatus according to an
embodiment of the present disclosure;

FIG. 2is a second schematic diagram of the arrange-
ment of a steam ablation apparatus according to an
embodiment of the present disclosure;

FIG. 3 is a third schematic diagram of the arrange-
ment of a steam ablation apparatus according to an
embodiment of the present disclosure;

FIG. 4 is a schematic flowchart of a heating control
method for a steam ablation apparatus according to
an embodiment of the present disclosure;

FIG. 5is a schematic flowchart of step S22 according
to an embodiment of the present disclosure;

FIG. 6 is a schematic flowchart of step S221 and
step S223 according to an embodiment of the
present disclosure;

FIG. 7 is a schematic flowchart of step S221, step
S222 and step S223 according to an embodiment of
the present disclosure;

FIG. 8 is a schematic flowchart of step S221 and
step S224 according to an embodiment of the
present disclosure;

FIG. 9 is a schematic flowchart of step S221, step
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S224 and step S222 according to an embodiment of
the present disclosure;

FIG. 10 is a first schematic diagram of the program
module of the heating controller of the steam ablation
apparatus according to an embodiment of the
present disclosure;

FIG. 11 is a second schematic diagram of the pro-
gram module of the heating controller of the steam
ablation apparatus according to an embodiment of
the present disclosure; and

FIG. 12 is a schematic diagram of the arrangement
of an electronic device according to an embodiment
of the present disclosure.

DDESCRIPTION OF EMBODIMENTS

[0038] Thetechnical solutions according to the embod-
iments of the disclosure will be clearly and completely
described below in conjunction with the drawings accord-
ing to the embodiments of the disclosure. Apparently, the
described embodiments are some of the embodiments
of the present disclosure, not all of them. Based on the
embodiments of the present disclosure, all other embod-
iments obtained by those skilled in the art without creative
efforts fall within the protection scope of the present dis-
closure.

[0039] The terms "first", "second", "third", "fourth" and
the like (if any) used in the description, the claims and
the drawings are intended to distinguish similar objects
and don’t necessarily define a specific order or sequence.
It can be understood that the terms so used here are
interchangeable in some appropriate cases such thatthe
embodiments of the disclosure described herein can be
implemented in sequences other than those illustrated
or described herein. Furthermore, the terms "including”
and "having", as well as any variations thereof, are in-
tended to define a non-exclusive inclusion. For example,
a process, method, system, product or apparatus includ-
ing a sequence of steps or elements is not necessarily
limited to the listed sequence of steps or elements, but
may include other sequence of steps or elements not
listed here or inherent to the process, method, product
or apparatus.

[0040] Thetechnical solutions according tothe embod-
iments of the disclosure will be described in detail below.
The following specific embodiments may be combined
with each other, and the same or similar concepts or proc-
esses may not be repeated in some embodiments.
[0041] Referring to FIGS. 1 to 3, a steam ablation ap-
paratus 11 according to an embodiment of the present
disclosure includes a steam generator 111 and a heating
device 114. The heating device 114 is configured to be
controlled by the control device 112, and heat the steam
generator 111 when it is controlled to be turned on.
[0042] The heating device 114 can be any device ca-
pable of heating the environment in the steam generator
111. Specifically, the heating device 114 can be fixedly
installed in the steam generator 111, for example, and /
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or be connected to the steam generator through a heat-
conducting material. Provided that the steam generator
can be heated, no matter how the heating device is as-
sembled or what kind of heating device is used, such
heating device does not depart from the scope of the
embodiments of the present disclosure. The heating de-
vice 114 may be provided at the bottom of the steam
generator.

[0043] As an example, referring to FIG. 3, the heating
device 114 may include at least two heaters 1141 which
may be the same or different heaters. For example, the
heater 1141 may be a heating rod or a heating ring. At
least two heaters 1141 may include at least one heating
rod and at least one heating ring. The heating capacity
(such as the maximum heating power) of the heating rod
can be higher than that of the heating ring, and a corre-
sponding heater can be used for heating as required.
[0044] The steam generator 111 can be understood
as any device or combination of devices capable of gen-
erating steam from the supplied water. For example, it
may include a steam generating container for containing
water and steam.

[0045] In one embodiment, the steam ablation appa-
ratus 2 may further include a water pump 113. The water
pump 113 is connected between the water inlet of the
steam generator 111 and the water source, and config-
ured to be controlled by the control device 112.

[0046] The water source can be any device or combi-
nation of devices that can contain water, which can be
independent of the steam ablation apparatus and exter-
nally connected to the steam ablation apparatus, or can
be assembled in the steam ablation apparatus as a part
of the steam ablation apparatus.

[0047] The water pump 113 can be any device or com-
bination of devices capable of providing a liquid driving
force between the water source and the steam generator
111 so that the water from the water source can enter
the steam generator 111. The model of the water pump
113 can be varied arbitrarily as required. In some exam-
ples, the control device 112 is configured to only switch
the water pump 113 on and off. In other examples, in
addition to switching the water pump 113 on and off, the
control device 112is further configured to control the driv-
ing force of the water pump 113.

[0048] Other devices (such as valves, temperature
monitoring devices, plasma water monitoring devices,
etc.) may be provided between the water pump 113 and
the water source, and between the water pump 113 and
the steam generator 111.

[0049] The water source may be any device or combi-
nation of devices that can contain water. In the embodi-
mentshown in FIG. 1, the water source can be independ-
ent of the steam ablation apparatus and externally con-
nected to the steam ablation apparatus. In other embod-
iments, the water source can be assembled in the steam
ablation apparatus as a part of the steam ablation appa-
ratus.

[0050] The control device 112 can be any device with
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data processing capability and communication capabili-
ty, and the program and / or hardware thereof can be
configured arbitrarily based on the water supply control
method described in the following. Further, the heating
control method as shown in FIGS. 4 to 9 can be imple-
mented only based on the program. That is, the control
device 112 is used to execute the heating control method
described in the following. Accordingly, a heating con-
troller with various program modules can be provided as
shown in FIG. 10. Specifically, the control device 112
may be, for example, the electronic device shown in FIG.
12. In some other examples, at least some of the steps
may be implemented through the operation of circuits.
[0051] The heating device 114 (and water pump 113,
water-level monitoring device 115, internal-temperature
monitoring device 116, pressure monitoring device 117,
temperature monitoring device 118, etc. shown in FIG.
2) can be in a communication with the control device 112
in a wired or wireless manner. The communication con-
nection may be a direct communication connection or an
indirect communication connection, as long as a data
interaction with the control device 112 can be realized,
which will not depart from the scope of the embodiment
of the present disclosure.

[0052] Further, in the example as shown in FIGS. 1 to
3, the control device 112 is a part of the steam ablation
apparatus 11. In other examples, the control device 112
can be a device independent of the steam ablation ap-
paratus 11. For example, the control device 112 can be
a host computer capable of communicating with the
steam ablation apparatus 11.

[0053] In one embodiment, referring to FIG. 2, the
steam ablation apparatus 11 may further include at least
one of the followings: a water-level monitoring device
115, an internal-temperature monitoring device 116, a
pressure monitoring device 117, an temperature moni-
toring device 118 and a heating device 114. The moni-
toring of the current water level, the current temperature
in the generator, the current pressure, and the current
steam temperature by the control device can be achieved
through the water-level monitoring device 115, the inter-
nal-temperature monitoring device 116, the pressure
monitoring device 117, and the temperature monitoring
device 118 respectively.

[0054] The water-level monitoring device 115 can be
any device capable of monitoring the water level in the
steam generator 111. For example, it may have a water-
level monitoring container connected with the steam gen-
erator 111. The water level in the water-level monitoring
container keeps in match with thatin the steam generator
111 (at the same level or proportionately). A water-level
sensor (such as a float switch) can be provided in the
water-level monitoring container. Taking a single float
switch as an example, it can monitor whether the water
level has reached corresponding one or two water levels,
and the corresponding signal is fed back to the control
device. The water inlet of the water-level monitoring con-
tainer can also be connected to the water source through



11 EP 4 273 448 A1 12

the water pump 113, that is, for example, the water sent
by the water pump 113 can enter the steam generator
and the water-level monitoring container respectively.
However, the embodiments of the present disclosure do
not exclude the use of other water-level monitoring de-
vices or water-level sensors, which do not depart from
the scope of the embodiments of the present disclosure.
[0055] In the following, the monitoring of the current
water level may be intended to monitor whether the cur-
rent water level is higher or lower than the specified water
level (such as anti-dry-burning water level, minimum nor-
mal water level, maximum normal water level, filing water
level, etc.), or to monitor the specific water-level value.
[0056] The internal-temperature monitoring device
116 can be any device capable of monitoring the tem-
perature in the steam generator 111. For example, it may
include a thermocouple located at the bottom of the
steam generator 111, which may measure the water tem-
perature or not. In the following, the monitoring of the
temperature in the current generator may be intended to
monitor the specific value of the temperature in the gen-
erator, or to monitor whether the temperature in the gen-
erator reaches the specified temperature value.

[0057] The pressure monitoring device 117 can be any
device capable of monitoring the steam pressure in the
steam generator 111. For example, it may be provided
inside the steam generator 111 or outside the steam gen-
erator. For example, the pressure monitoring device can
be connected to the steam generator through a pipeline,
or can be arranged at any outlet or pipeline of the steam
generator for steam discharging. In the following, the
monitoring of the current pressure may be intended to
monitor the specific value of the pressure, or to monitor
whether the pressure reaches the specified pressure val-
ue.

[0058] The temperature monitoring device 118 can be
any device capable of monitoring the temperature of the
steam in the steam generator 111. For example, it may
be provided inside the steam generator 111 or outside
the steam generator. For example, the temperature mon-
itoring device can be connected to the steam generator
through a pipeline, or can be arranged at any outlet or
pipeline of the steam generator for steam discharging.
The temperature of the steam measured can be, for ex-
ample, the temperature of the steam flowing between the
steam generator and a steam ablation handle, or can be
the temperature of the steam returning from the steam
generator to a condensing unit, and the temperature of
the steam at the steam ablation handle. In the following,
the monitoring of the current steam temperature may be
intended to monitor the specific value of the steam tem-
perature, or to monitor whether the steam temperature
reaches the specified steam temperature value. The
steam temperature may be the same as or different from
the temperature in the generator.

[0059] Further, the steam ablation apparatus may in-
clude the steam ablation handle, the condensing unit,
and the like.
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[0060] The steam ablation handle can be connected
to the steam generator through corresponding pipelines
and valves, so that the steam from the steam generator
can be sent to the steam ablation handle, and then sent
to the site to be treated through the steam ablation han-
dle. When the corresponding valves and switches of the
steam ablation handle are opened, the steam can be sent
out, and when the corresponding valves and switches of
the steam ablation handle are closed, the steam can’t be
sent out from the steam ablation handle.

[0061] The condensing unit can be connected to the
steam generator through corresponding pipelines and
valves so that the steam from the steam generator can
be returned to the condensing unit. Further, the steam
ablation handle and the condensing unit can be connect-
ed to the steam generator through valves with three in-
terfaces (such as three-way valves). The pipelines can
be provided with valves (such as solenoid valves) to con-
trol the opening and closing of the pipelines. The valves
can be controlled by the control device, so that under the
control of the control device, the steam generated by the
steam generator can optionally enter the outlet of the
steam ablation handle or the condensing unit, and it is
also possible to control the steam generator to be con-
nected to the outlet ofthe ablation handle and condensing
unit or not (and thus to control the steam to be able to be
sent to the outlet of the ablation handle and condensing
unit or not).

[0062] Insome examples, a button switch may be pro-
vided on the steam ablation handle, and the button switch
may control the discharge of the steam in the steam ab-
lation handle. When the steam needs to be discharged,
the user can press the button switch, and the steam will
be expelled from the outlet of the steam ablation handle.
When the steam is not needed, the user can release the
button switch, and the steam will be cut off at the outlet
of the ablation handle. In another examples, the button
switch or the corresponding valve can be automatically
controlled. For example, the user can input correspond-
ing information through a human-computer interaction
device, and accordingly the control device can determine
the steam ablation time, and automatically control the
corresponding switch and/or valve to control the expul-
sion and cut-off of the steam to meet the steam ablation
time.

[0063] In one embodiment, the steam ablation appa-
ratus can have a plurality of operating states.

[0064] The operating states can be understood as cor-
responding to different working processes during the
steam ablation, and in the respective operating states,
the corresponding working processes can be implement-
ed.

[0065] The plurality of operating states include at least
one of filling state, preheating state, standby state, abla-
tion preparation state, and shutdown operation state. In
some examples, all of the filling state, preheating state,
standby state, ablation preparation state and shutdown
operation state can be provided. In another examples,
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only part of the operating states can be provided. The
steam ablation apparatus can enter the filling state, the
preheating state, the standby state and the ablation prep-
aration state sequentially, or enter the filling state, the
preheating state, the standby state and the ablation prep-
aration state from other states.

[0066] The filling state refers to the state where the
steam generator is filled with water but not preheated.
Specifically, it refers to the state where the steam gen-
erator is filled with water butnot preheated after the steam
ablation apparatus is powered on and self-tested (or after
steam ablation, or after any other state), and the water
level in the steam generator is brought to at least the
minimum normal water level.

[0067] The preheating state refers to the state where
the environment in the steam generator is preheated.
Specifically, it refers to the state where the environment
in the steam generator is preheated after the filling state
(or after steam ablation, or after any other state), and the
steam in the steam generator exceeds the temperature
required for disinfection and the temperature required for
steam ablation.

[0068] Further, the steam generator may or may not
be controlled to communicate with the condensing unit
during the filling state and the preheating state.

[0069] The standby state refers to the state where the
steam generator meets the requirements for steam ab-
lation. Specifically, it refers to the state where the steam
generator meets the requirements for steam ablation by
performing disinfection on the steam ablation apparatus
after the preheating state (or after steam ablation, or after
any other state).

[0070] Further, during at least part of the disinfection
process, the steam generator can be controlled to com-
municate with the steam ablation handle, so as to send
steam (with a temperature higher than the disinfection
temperature threshold) to the ablation handle for disin-
fection. Over a given disinfection time, the disinfection
process is completed. After disinfection, the steam gen-
erator can be controlled to communicate with the con-
densing unit, so that steam can be continuously gener-
ated and recycled.

[0071] Theablation preparation state refers to the state
where the steam generator can always meet the steam
ablation requirements. Specifically, it refers to the state
where the steam generator can always meet the steam
ablation requirements after the standby state (or after
steam ablation).

[0072] Further, when the steam ablation apparatus is
in the ablation preparation state, the steam generator
can be controlled to communicate with the condensing
unit, so that steam can be continuously generated and
recycled. In this recycle, the steam required for steam
ablation is maintained, and when steam from the steam
ablation handle is needed, the steam is discharged from
the steam ablation handle, which would not return to the
condensing unit.

[0073] The steam ablation requirements may include,
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for example, the disinfection process having been com-
pleted and the current water level being higher than the
maximum normal water level, and may further include,
for example, the interval time from the last steam ablation
(steam expulsion) exceeding the time threshold, the cur-
rent steam temperature exceeding a certain threshold,
the current pressure exceeding a certain threshold and
SO on.

[0074] The shutdown operation state refers to the state
where the steam ablation apparatus discharges the water
and/or steam therein and completes the shutdown of the
apparatus. In some examples, the shutdown operation
state can be manually or automatically triggered.
[0075] In the preheating state, standby state, ablation
preparation state and shutdown state, the control device
can control the heating device to heat the steam gener-
ator. The heating process can refer to the heating control
method described in the following.

[0076] Inthe above technical solution, the specific def-
inition and implementation of the states allow the steam
generator to gradually form and maintain the steam re-
quired for ablation based on the principle of steam for-
mation, so as to meet the steam ablation requirements,
and provide basis for achieving the whole process auto-
matically and gradually. The switch of the filling state, the
preheating state, the standby state, and the ablation
preparation state can be automatically triggered based
on the processing in the corresponding state.

[0077] The plurality of operating states may further in-
clude a power-on self-test state, a shutdown operation
state, and the like.

[0078] The power-on self-test state refers to the state
where the software and hardware of the steam ablation
apparatus are self-tested after power-on. In some exam-
ples, after the power-on self-test, the steam ablation ap-
paratus can automatically enter the filling state.

[0079] The plurality of operating states may further in-
clude a monitoring state that can be implemented simul-
taneously with other states. In the monitoring state, it can
be monitored whether various predefined errors occur in
the steam ablation apparatus.

[0080] The plurality of operating states may further in-
clude a configuration state for configuring the software
and hardware of the steam ablation apparatus. In the
configuration state, relevant personnel can configure the
software and hardware of the steam ablation apparatus
through the human-computer interaction device or adata
transmission medium.

[0081] Insome examples, the above-mentioned oper-
ating states can be represented by state information
(such as a specific character or a combination of char-
acters) corresponding to the state. Specifically, the cur-
rent state of the steam ablation apparatus can be deter-
mined (switched or maintained) by setting a specific val-
ue or a value at a specific position (which can be consid-
ered as a value describing the current operating state of
the steam ablation apparatus) as the state information
corresponding to the state. For example, the value de-



15 EP 4 273 448 A1 16

scribing the current operating state of the steam ablation
apparatus can be set as the state information of the
standby state, indicating that the steam ablation appara-
tus currently enters or maintains in the standby state.
[0082] The specified water level mentioned in the em-
bodiments of the present disclosure may include at least
one of the followings: anti-dry-burning water level; mini-
mum normal water level; maximum normal water level;
filing water level. The anti-dry-burning water level is low-
er than the minimum normal water level, the minimum
normal water level is lower than the maximum normal
water level, and the maximum normal water level is lower
than the filling water level.

[0083] Among them,

The anti-dry-burning water level reflects the basic re-
quirement for "anti-dry-burning”, and provides a basis for
judging whether the anti-dry-burning requirement is met
during heating the steam generator. Accordingly, the
heating control result can meet the anti-dry-burning re-
quirement during heating.

[0084] The minimum normal water level and the max-
imum normal water level reflect the water demand during
normal steam ablation and preparation processes, and
accordingly, the heating control result can meet the prac-
tical requirements.

[0085] Referring to FIG. 4, a heating control method of
the steam ablation apparatus according to an embodi-
ment of the present disclosure includes:

S21: monitoring the current water level, current pres-
sure and currenttemperature in the steam generator;
S22: controlling the heating device according to the
current water level, the current pressure and the cur-
rent temperature in the generator.

Steps S21 to S22 are repeated, and can be respec-
tively implemented in different operating states.

[0086] Inthe above technical solution, since the factors
for the control of the heating device include the current
water level, the current temperature in the generator and
the current pressure, the steam generator can be heated
according to the current actual water level, temperature
in the generator and pressure, so that the actual heating
requirements can be timely and accurately met. Further,
the heating device is automatically controlled by the con-
trol device, without relying on manual manipulation and
with a high efficiency, and the control is stable, regardless
of the condition, knowledge and experience of the oper-
ator. Therefore, the present disclosure can automatically
meet the heating requirements for the steam generator
accurately, timely and efficiently, and the control has a
better stability.

[0087] Inoneembodiment, referringtoFIG. 5, step S22
may include:

S221: controlling the heating device to be turned on
or off according to the current water level, the spec-
ified anti-dry-burning water level and / or the mini-
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mum normal water level;

S222: after the heating device is turned on, control-
ling the heating power of the heating device accord-
ing to the current pressure and the current temper-
ature in the generator.

[0088] Inthe above optional solution, since the heating
will affect the pressure and the temperature in the gen-
erator, the heating power can be controlled in a closed
cycle based on the current pressure and the current tem-
perature in the generator, which allows the heating power
to accurately reach the target (e.g. target pressure and
target temperature in the generator in a further optional
solution).

[0089] The control based on the current pressure and
the current temperature in the generator can be imple-
mented based on any logic. Depending on different op-
erating states, the purpose of heating may be different.
The heating control implemented may also vary. For ex-
ample, in target operating states such as preheating
state, standby state, and ablation preparation state, one
heating control process may be implemented, while in
the shutdown operation state, another heating control
process may be implemented.

[0090] Inone embodiment, referring to FIG. 6 and FIG.
7, the specific heating process under the target operating
state is shown.

[0091] Referring to FIG. 6, step S221 may include:

S2211: determining whether the current water level
is lower than the anti-dry-burning water level;
S2212: determining whether the current water level
is lower than the minimum normal water level;

If the current water level is higher than or equal to
the specified minimum normal water level, step
S2213 of turning on the heating device is executed;
If the current water level is lower than the minimum
normal water level and higher than or equal to the
anti-dry-burning water level, step S2214 of turning
off the heating device is executed.

[0092] By turning off the heating device in time when
the current water level is lower than the minimum normal
water level, continuous heating causing the water level
to rapidly drop to the anti-dry-burning water level and
thus resulting in potential safety hazards can be avoided.
[0093] Referring to FIG. 7, step S222 may specifically
include:

S2221: determining whether the current pressure or
the current temperature in the generator falls within
a set first range;

When the current pressure or the current tempera-
ture in the generator falls within the set first range,
step S2222 of controlling the turned-on heating de-
vice to heat with the target power is executed;
When the current pressure or the current tempera-
ture in the generator doesn’t fall within the first range
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(for example, falling within a second range), step
S2223 of adjusting the heating power of the heating
device according to the current temperature in the
generator, the current pressure and the set target
parameters may be executed. The target parame-
ters include target temperature and target pressure.

[0094] The target power is matched with the heating
power when all the heaters in the heating device are
turned on. When all the heaters are turned on, the heaters
can heat with the maximum power or not, and the heating
power can vary or not, which all does not depart from the
scope of the above technical solution.

[0095] Adjusting the heating power according to the
target parameters can be achieved by, for example, PID
(Proportion Integration Differentiation) control, which can
be understood as a proportion-integration-differentiation
controller. The feedback loop formed by PID can maintain
the stability of the system (that is, the stability of the con-
trol result).

[0096] The valuesinthe secondrange are greater than
that in the first range, and the target temperature or the
target pressure is in the second range. The first range
may be, for example, a range less than a certain value
which is less than the target temperature, and the second
range may be, for example, a range greater than or equal
to a certain value which is less than or equal to the target
temperature, but they are not limited to the examples
above.

[0097] Inthe above optional solution, when the current
pressure or the current temperature in the generator is
at a small value (such as the first range), all heaters can
be controlled to be turned on to reach a higher heating
power (such as the maximum heating power), facilitating
reaching a greater value (such as the second range)
close to the target parameter as soon as possible, and
when reaching this range, fine control can be achieved
based on the target temperature and target pressure. It
can be seen that the above process meets both the effi-
ciency and accuracy requirements for heating.

[0098] In one embodiment, since the process shown
in FIG. 6 and FIG. 7 are implemented in the target oper-
ating state, before step S221, the process may further
include:

S223: determining the steam ablation apparatus enters
the target operating state.

[0099] In the above optional solution, the heating can
be started in time after entering the target operating state,
for example, the preheating state, standby state and ab-
lation preparation state that need to be heated. The target
operating state is switched automatically, and the
processing efficiency is improved.

[0100] Inafurthersolution, before step S223, the proc-
ess may further include:

According to at least one of the current water level, the
current steam temperature, and the current pressure,
and the current operating state of the steam ablation ap-
paratus, determining the steam ablation apparatus has
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met the requirements for the target operating state.
[0101] The above optional solution provides a basis
for the automatic switch of the state of the steam ablation
apparatus, and thus the processing step can be auto-
matically switched, so that the apparatus can enter the
corresponding state in a timely and accurate manner for
corresponding processing, ensuring the efficiency of the
whole process.

[0102] If the target operating state is the preheating
state:

At step S223, for example, the value describing the cur-
rent operating state of the steam ablation apparatus can
be set as the status information of the preheating state.
In another example, step S223 of determining process
can be executed in the filling state, for example. In the
filling state, for example, the process of detecting that
the current water level is higher than the minimum normal
water level (or the maximum normal water level) can be
considered as step S223 having been executed.

[0103] Itcanbeseenthatbefore step S223,"according
to atleastone ofthe current waterlevel, the current steam
temperature, and the current pressure, and the current
operating state of the steam ablation apparatus, deter-
mining the steam ablation apparatus has met the require-
ments for the target operating state" may specifically in-
clude:

When the steam ablation apparatus is in the filling state,
detecting that the current water level of the steam gen-
erator meets the preheating requirement, which may spe-
cifically include detecting that the current water level of
the steam generator is higher than or equal to the mini-
mum normal water level. Further, step S222 may be ex-
ecuted when it is detected that the current water level of
the steam generator is higher than the minimum normal
water level or the maximum normal water level.

[0104] In the above technical solution, it is determined
whether the water level required for preheating is met,
thus providing a basis for the switch of the operating state,
and arelatively sufficientamount of water can be ensured
when the subsequent heating is started.

[0105] Ifthe target operating state is the standby state:
At step S223, for example, the value describing the cur-
rent operating state of the steam ablation apparatus can
be set as the status information of the standby state. In
another example, step S223 of determining process can
be executed in the preheating state (determining, for ex-
ample, whether the current water level and current steam
temperature of the steam generator meet the require-
ments for standby).

[0106] Itcanbeseenthatbefore step S223,"according
to atleastone ofthe current waterlevel, the current steam
temperature, and the current pressure, and the current
operating state of the steam ablation apparatus, deter-
mining the steam ablation apparatus has met the require-
ments for the target operating state" may specifically in-
clude:

When the steam ablation apparatus is in the preheating
state, detecting that the current water level and the cur-
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rent steam temperature of the steam generator meet the
requirements for standby, which may specifically include
detecting that the current water level is higher than or
equal to the maximum normal water level and that the
current steam temperature is higher than a set disinfec-
tion temperature threshold. Furthermore, step S223 may
be executed when it is detected that the current water
level of the steam generator is higher than the maximum
normal water level, and the current steam temperature
is higher than the disinfection temperature threshold.
[0107] In the above optional solution, it is determined
whether the water level and steam requirements for
standby are met, thus providing a basis for the switch of
the operating state. Also, a sufficient amount of water
(that is, higher than the maximum normal water level)
and disinfection temperature during subsequent standby
are ensured. Based on the water amount, the steam with
a required pressure and the supply of the steam in the
subsequent process can be ensured. Based on the dis-
infection temperature, disinfection during standby can be
achieved.

[0108] Ifthe target operating state is the ablation prep-
aration state:

At step S223, for example, the value describing the cur-
rent operating state of the steam ablation apparatus can
be set as the status information of the ablation prepara-
tion state. In another example, step S223 of determining
process can be executed in the standby state (determin-
ing, for example, whether the current water level of the
steam generator meets the requirements for ablation
preparation, and whether the steam ablation apparatus
has been disinfected treatment).

[0109] Itcanbe seenthatbefore step S223, "according
to atleast one of the current water level, the current steam
temperature, and the current pressure, and the current
operating state of the steam ablation apparatus, deter-
mining the steam ablation apparatus has metthe require-
ments for the target operating state" may specifically in-
clude:

When the steam ablation apparatus is in the standby
state, detecting that the current water level of the steam
generator meets the requirements for ablation prepara-
tion, and the steam ablation apparatus has been disin-
fected treatment, which may specifically include detect-
ing that the current water level is higher than or equal to
the maximum normal water level and the steam ablation
apparatus has been disinfected treatment. Furthermore,
step S223 may be executed when it is detected that the
current water level of the steam generator is higher than
the maximum normal water level and the disinfection has
been completed.

[0110] In the above optional solution, it is determined
whether the water level required for steam ablation and
disinfection are met, thus providing a basis for the switch
of the operating state. Also, a sufficient amount of water
(that is, higher than the maximum normal water level)
and safety during subsequent ablation are ensured.
[0111] Inone embodiment, referringto FIG. 8 and FIG.
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9, a specific heating process in the shutdown operation
state is shown.
[0112] Referring to FIG. 8, step S221 may include:

S2215: determining whether the current water level
is lower than the anti-dry-burning water level;
S2216: determining whether the current steam tem-
perature is higher than a set heat-discharging tem-
perature threshold;

When the current water level is higher than or equal
to the anti-dry-burning water level, and the current
temperature in the generator is higher than the set
heat-discharging temperature threshold, step S2217
of turning on the heating device may be executed.

[0113] In the above optional solution, heating can be
performed in the shutdown state, so as to meet the re-
quirement of heat-discharging (discharging the water in
the steam generator by heating) in the shutdown state,
so that the water in the steam generator can be dis-
charged quickly in the shutdown state. Also, through the
determining of the anti-dry-burning water level, the hid-
den dangers caused by the low water level can be avoid-
ed.
[0114]
include:

Specifically, referring to FIG. 8, step S222 may

S2224: controlling the turned-on heating device to
heat with the target power,

S2225: determining whether the current pressure is
lower than a set heat-discharging pressure thresh-
old;

S2226: determining whether the current pressure or
the current temperature in the generator falls within
a set first range;

When the current pressure is lower than the set heat-
discharging pressure threshold, and the current
pressure or the current temperature in the generator
falls within the set first range, step S2227 of control-
ling the heating device to keep heating with the target
power may be executed;

When the current pressure is lower than the set heat-
discharging pressure threshold, and the current
pressure or the current temperature in the generator
falls within a set second range, step S2228 of ad-
justing the heating power of the heating device ac-
cording to the current temperature in the generator,
the current pressure, and the set target parameters
may be executed. The values in the second range
are greater than the first range, and the target tem-
perature in the generator or the target pressure falls
within the second range.

[0115] The above control process based on the first
range, the second range, and the target parameters can
refer to the relevant description of step S2223. The first
range, the second range, and the target parameters used
in step S2228 can be the same as or different from those
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used in step S2223.

[0116] Inthe above optional solution, when the current
pressure or the current temperature in the generator is
at a small value (such as the first range), all heaters can
be controlled to be turned on to reach a higher heating
power (such as the maximum heating power), facilitating
reaching a greater value (such as the second range)
close to the target parameter as soon as possible, and
when reaching this range, fine control can be achieved
based on the target temperature and target pressure. It
can be seen that the above process meets both the effi-
ciency and accuracy requirements for heating.

[0117] In one embodiment, since the process shown
in FIG. 8 and FIG. 9 are implemented in the shutdown
operation state, before step S221, the process may fur-
ther include:

S224: determining the steam ablation apparatus enters
the shutdown operation state.

[0118] In the above optional solution, the heating can
be started in time after entering the shutdown operation
state and meeting the heat-discharging requirement (that
is, meeting the steps S2215 and S2216). The heat-dis-
charging process is switched automatically, and the
processing efficiency is improved.

[0119] Atstep S224, for example, the value describing
the current operating state of the steam ablation appa-
ratus can be set as the status information of the shutdown
operation state. In another example, step S224 of deter-
mining process can be executed in other states. For ex-
ample, if an unrecoverable error is detected during the
power-on self-test, the steam ablation apparatus may be
triggered to shut down, and the process of detecting the
unrecoverable error can also be considered as step S224
having been executed.

[0120] Further,inthe operating states, the above-men-
tioned processing steps can be implemented by further
defining the working states in the operating states.
[0121] The above processes controlled based on the
specified water levels such as minimum normal water
level, maximum normal water level, anti-dry-burning wa-
ter level, etc., are not limited to the processing method
through direct comparison between the specified water
level and the current water level. Processing methods by
calculation based on, for example, the difference be-
tween the current water level and the specified water
level, or the ratio of the current water level to the specified
water level, or calculation based on the average value of
the current water level within a certain duration are not
excluded. The same applies to the control based on tem-
perature and pressure. All of these do not depart from
the scope of the embodiments of the present disclosure.
[0122] Referring to FIG. 10, an embodiment of the
present disclosure provides a heating controller 300 for
steam ablation apparatus includes:

A monitoring module 301, configured to monitor the
current water level in the steam generator, current
pressure and current temperature;

10

15

20

25

35

40

45

50

55

12

A heating control module 302, configured to control
the heating device according to the current water
level, the current pressure and the current temper-
ature in the generator.

[0123] Optionally, the heating control module 302 is
specifically configured for:

Controlling the heating device to be turned on or off
according to the current water level, and the speci-
fied anti-dry-burning water level and/ or the minimum
normal water level;

Afterthe heating device is turned on, control the heat-
ing power of the heating device according to the cur-
rent pressure and the currenttemperature in the gen-
erator.

[0124] Optionally, the heating control module 302 is
specifically configured for:

Turning on the heating device if the current water
level is higher than or equal to the specified minimum
normal water level;

Turning off the heating device if the current water
level is lower than the minimum normal water level
and higher than or equal to the anti-dry-burning water
level.

[0125] Optionally, the heating control module 302 is
specifically configured for:

Controlling the turned-on heating device to heat with
the target power matching the heating power when
all heaters of the heating device are turned on when
the current pressure or the current temperature in
the generator falls within a set first range;
Adjusting the heating power of the heating device
according to the current temperature in the genera-
tor, the current pressure, and the set target param-
eters when the current pressure or the current tem-
perature in the generator falls within a second range;
the values in the second range are greater than the
first range, the target parameters include a target
temperature and a target pressure, and the target
temperature or the target pressure falls within the
second range.

[0126] Optionally, referring to FIG. 11, the heating con-
troller 300 further includes:

A state determination module 303, configured to deter-
mine that the steam ablation apparatus enters a target
operating state; the target operating state is any one of
the followings: preheating state, standby state, and ab-
lation preparation state.

[0127] Optionally, the monitoring module 301 is further
used to monitor the current steam temperature of the
steam generator.

[0128] Optionally, referring to FIG. 11, the heating con-
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troller 300 further includes:

A requirement-met module 304, configured to determine
that the steam ablation apparatus has met the require-
ments for the target operating state according to at least
one of the current water level, the current steam temper-
ature, and the current pressure, and the current operating
state of the steam ablation apparatus.

[0129] If the target operating state is the preheating
state:

The requirement-met module 304 is specifically config-
ured for:

Detecting that the current water level of the steam gen-
erator meets the requirements for preheating when the
steam ablation apparatus is in the filling state.

[0130] Optionally, the requirement-met module 304 is
specifically configured for:

[0131] Detecting that the current water level is higher
than the specified minimum normal water level.

[0132] Optionally, if the target operating state is the
standby state:

The requirement-met module 304 is specifically config-
ured for:

Detecting that the current water level and the current
steam temperature of the steam generator meet the re-
quirements for standby when the steam ablation appa-
ratus is in the preheating state.

[0133] Therequirement-met module 304 is specifically
configured for:

Detecting that the current water level is higher than or
equal to the specified maximum normal water level, and
the current steam temperature is higher than the set dis-
infection temperature threshold.

[0134] Optionally, if the target operating state is the
ablation preparation state:

The requirement-met module 304 is specifically config-
ured for:

Detecting that the current water level of the steam gen-
erator meets the requirements for steam ablation and the
steam ablation apparatus has been disinfected when the
steam ablation apparatus is in the standby state.
[0135] Optionally, the requirement-met module 304 is
specifically configured for:

Detecting that the current water level is higher than or
equal to the specified maximum normal water level.
[0136] Optionally, the heating control module 302 is
specifically configured for:

Turning on the heating device when the current water
level is higher than or equal to the anti-dry-burning water
level and the currenttemperature in the generator is high-
er than the set heat-discharging temperature threshold.
[0137] Optionally, the heating control module 302 is
specifically configured for:

Controlling the turned-on heating device to heat with
the target power matching the heating power when
all heaters of the heating device are turned on;

Controlling the heating device to keep heating with
the target power when the current pressure is lower
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than a set heat-discharging pressure threshold and
the current pressure or the current temperature in
the generator falls within a set first range;
Adjusting the heating power of the heating device
according to the current temperature in the genera-
tor, the current pressure, and the set target param-
eters when the current pressure is lower than the set
heat-discharging pressure threshold and the current
pressure or the current temperature in the generator
falls within a set second range; the values in the sec-
ond range are greater than the first range, and the
target temperature in the generator or the target
pressure falls within the second range.

[0138]
cludes:
[0139] A state determination module 303, configured
to determine that the steam ablation apparatus enters
the shutdown operation state.

[0140] Referring to FIG. 12, an electronic device 40 is
provided, including:

Optionally, the heating controller 300 further in-

A processor 41; and

A memory 42, configured to store executable instruc-
tions for the processor;

The processor41 is configured to execute the above-
mentioned methods by executing the executable in-
structions.

[0141] The processor 41 is capable of communicating
with the memory 42 via a bus 43.

[0142] An embodiment of the present disclosure fur-
ther provides a computer-readable storage medium, in
which a computer program is stored, and the above-men-
tioned methods are implemented when the program is
executed by the processor.

[0143] Those skilled in the art can understand that all
or part of the steps of the above method embodiments
can be implemented by program-instruction related hard-
ware. The aforementioned program can be stored in a
computer-readable storage medium. When the program
is executed, the steps of the above-mentioned method
embodiments are implemented; and the aforementioned
storage medium includes ROM, RAM, magnetic disk or
optical disk and other various media that can store pro-
gram codes.

[0144] Finally, it should be noted that the above em-
bodiments are only intended to explain the technical so-
lutions of the present disclosure, rather than for limitation.
Although the present disclosure has been described in
detail with reference to the foregoing embodiments,
those skilled in the art should understand that it is still
possible to modify the technical solutions described in
the foregoing embodiments, or make equivalent replace-
ments for some or all of the technical features, and these
modifications or replacements do not make the essence
of the corresponding technical solutions deviate from the
scope of the technical solutions of the various embodi-
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ments of the present disclosure.

Claims

A heating control method for steam ablation appa-
ratus, applied to a control device of the steam abla-
tion apparatus, wherein the steam ablation appara-
tus comprises a steam generator and a heating de-
vice, and the heating device is capable of being con-
trolled by the control device and heat the steam gen-
erator when the heating device is controlled to be
turned on;

the heating control method comprises steps of:

monitoring a current water level in the steam
generator, a current pressure and a current tem-
perature in the generator; and

controlling the heating device according to the
current water level, the current pressure and the
current temperature in the generator.

The heating control method of claim 1, wherein,

the step of controlling the heating device according
to the current water level, the current pressure and
the current temperature in the generator comprises:

controlling the heating device to be turned on or
off according to the current water level, and a
specified anti-dry-burning water level and / or
minimum normal water level; and

controlling a heating power of the heating device
according to the current pressure and the cur-
rent temperature in the generator after the heat-
ing device is turned on.

The heating control method of claim 2, wherein,
the step of controlling the heating device to be turned
on or off according to the current water level, and
the specified anti-dry-burning water level and / or
minimum normal water level comprises:

turning on the heating device if the current water
level is higher than or equal to the specified min-
imum normal water level; and

turning off the heating device if the current water
level is lower than the minimum normal water
level and higher than or equal to the anti-dry-
burning water level.

The heating control method of claim 2, wherein the
heating device comprises a plurality of heaters;
the step of controlling the heating power of the heat-
ing device according to the current pressure and the
current temperature in the generator comprises:

controlling the turned-on heating device to heat
with a target power when the current pressure
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or the current temperature in the generator falls
within a set first range; the target power match-
ing a heating power when all heaters of the heat-
ing device are turned on; and

adjusting the heating power of the heating de-
vice according to the current temperature in the
generator, the current pressure and set target
parameters when the current pressure or the
current temperature in the generator falls within
a second range,

wherein values in the second range are greater
than the first range, the target parameters com-
prise atargettemperature and a target pressure,
and the target temperature or the target pres-
sure falls within the second range.

The heating control method of claim 3 or 4, wherein,
before the step of controlling the heating device to
be turned on or off according to the current water
level, and the specified anti-dry-burning water level
and / or minimum normal water level, the method
further comprises:

determining that the steam ablation apparatus en-
ters a target operating state being any one of a pre-
heating state, a standby state, and an ablation prep-
aration state.

The heating control method of claim 5, further com-
prising monitoring a current steam temperature of
the steam generator;

before the step of determining that the steam abla-
tion apparatus enters the target operating state, the
method further comprises:

determining that the steam ablation apparatus has
met requirements for the target operating state ac-
cording to at least one of the current water level, the
currentsteam temperature and the current pressure,
and a current operating state of the steam ablation
apparatus.

The heating control method of claim 6, wherein if the
target operating state is the preheating state:

the step of determining that the steam ablation ap-
paratus has met requirements for the target operat-
ing state according to atleast one of the current water
level, the current steam temperature and the current
pressure, and the current operating state of the
steam ablation apparatus comprises:

detecting that the current water level of the steam
generator meets requirements for preheating when
the steam ablation apparatus is in a filling state.

The heating control method of claim 7, wherein,
the step of detecting that the current water level of
the steam generator meets requirements for pre-
heating comprises:

detecting that the current water level is higher than
the specified minimum normal water level.
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The heating control method of claim 6, wherein if the
target operating state is the standby state:

the step of determining that the steam ablation ap-
paratus has met requirements for the target operat-
ing state according to atleast one of the current water
level, the current steam temperature and the current
pressure, and the current operating state of the
steam ablation apparatus comprises:

detecting that the current water level and the current
steam temperature of the steam generator meet re-
quirements for standby when the steam ablation ap-
paratus is in the preheating state.

The heating control method of claim 9, wherein,
the step of detecting that the current water level and
the current steam temperature of the steam gener-
ator meet requirements for standby comprises:
detecting that the current water level is higher than
or equal to a specified maximum normal water level,
and the current steam temperature is higher than a
set disinfection temperature threshold.

The heating control method of claim 6, wherein if the
target operating state is the ablation preparation
state:

the step of determining that the steam ablation ap-
paratus has met requirements for the target operat-
ing state according to atleast one of the current water
level, the current steam temperature and the current
pressure, and the current operating state of the
steam ablation apparatus comprises:

detecting that the current water level of the steam
generator meets requirements for steam ablation
and the steam ablation apparatus has been disin-
fected when the steam ablation apparatus is in the
standby state.

The heating control method of claim 11, wherein:
the step of detecting that the current water level of
the steam generator meets requirements for steam
ablation comprises:

detecting that the current water level is higher than
or equal to a specified maximum normal water level.

The heating control method of claim 2, wherein:
the step of controlling the heating device to be turned
on or off according to the current water level, and
the specified anti-dry-burning water level and / or
minimum normal water level comprises:

turning on the heating device when the current water
level is higher than or equal to the anti-dry-burning
water level and the current temperature in the gen-
erator is higher than a set heat-discharging temper-
ature threshold.

The heating control method of claim 2, wherein the
heating device comprises a plurality of heaters;
the step of controlling the heating power of the heat-
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15.

16.

17.
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ing device according to the current pressure and the
current temperature in the generator comprises:

controlling the turned-on heating device to heat
with a target power matching a heating power
when all heaters of the heating device are turned
on;

controlling the heating device to keep heating
with the target power when the current pressure
is lower than a set heat-discharging pressure
threshold and the current pressure or the current
temperature in the generator falls within a set
first range; and

adjusting the heating power of the heating de-
vice according to the current temperature in the
generator, the current pressure and set target
parameters when the current pressure is lower
than the set heat-discharging pressure thresh-
old and the current pressure or the current tem-
perature in the generator falls within a set sec-
ond range;

values in the second range are greater than the
first range, and a target temperature in the gen-
erator or atarget pressure falls within the second
range.

The heating control method of claim 13 or 14, where-
in,

before the step of controlling the heating device to
be turned on according to the current water level and
the specified anti-dry-burning water level, the meth-
od further comprises:

determining that the steam ablation apparatus en-
ters a shutdown operation state.

The heating control method of any one of claims 1
to 4, 13 and 14, wherein the steam ablation appara-
tus has a plurality of operating states, and the plu-
rality of operating states comprise filling state, pre-
heating state, standby state, ablation preparation
state and shutdown operation state; the steam ab-
lation apparatus is capable of entering the filling
state, the preheating state, the standby state and the
ablation preparation state sequentially.

A heating controller for steam ablation apparatus,
applied to a control device of the steam ablation ap-
paratus, wherein the steam ablation apparatus com-
prises a steam generator and a heating device, and
the heating device is configured to be controlled by
the control device and heat the steam generator
when the heating device is controlled to be turned on;
the heating controller comprises:

a monitoring module, configured to monitor a
current water level in the steam generator,

a current pressure and a current temperature in
the generator; and
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a heating control module, configured to control
the heating device according to the current water
level, the current pressure and the current tem-
perature in the generator.

18. A steam ablation apparatus, comprising a steam
generator, a heating device and a control device, the
heating device is configured to be controlled by the
control device and heat the steam generator when
the heating device is controlled to be turned on, and 70
the control device is configured to execute the heat-
ing control method of any one of claims 1 to 16.

19. An electronic device, comprising a processor and a
memory, wherein 15

the memory is configured to store codes; and

the processor is configured to execute the codes

in the memory to implement the heating control
method of any one of claims 1 to 16. 20

20. A storage medium, in which a computer program is
stored, and when the program is executed by a proc-
essor, the heating control method of any one of
claims 1 to 16 is implemented. 25
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