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(54) Control system for a range hood having an automatic fume detection device and control

method

(57) A control system for a range hood (1) having an
automatic fume detection device is provided, wherein the
system includes a main control module (2) for controlling
operation of the range hood (1), a key display module
(4), and an ultrasonic module (3) for controlling the au-
tomatic fume detection device. The ultrasonic module (3)

P External power

is independent of the main control module (2) in structure.
The ultrasonic module (3) is connected to the main con-
trol module (2) through a power line and a data line. The
ultrasonic module (3) is independent of the key display
module (4) in structure. The ultrasonic module (3) is con-
nected to the key display module (4) through a data line.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a range hood,
and more particularly to a control system for a range hood
implementing an automatic fume detection through an
ultrasonic technology, and a control method for the range
hood.

Related Art

[0002] Arangehoodis awidely used every-day house-
hold kitchen appliance. Through the development of sci-
ence and technology, intelligent devices have become
an inevitable development trend in the field of household
appliances. Conventionally, when a range hood is oper-
ated, a user selects a corresponding operational state
according to a using habit, for example, he selects a tap
configuration or a position of a control element for a fan
speed such as 1, 2 or 3. For such a range hood, the user
needs to manually operate the range hood according to
afume state. Another disadvantage of such arange hood
is that the fan is often in a state corresponding to a fixed
pre-set tap position, and the tap position may be either
too low for realizing a good fume extraction effect, or too
high such that energy may be wasted. Therefore, it is
desirable to design a range hood capable of intelligently
changing a tap position of the range hood according to
a fume situation.

[0003] Chinese Utility Model Patent Application
200920000606.X discloses a range hood that automat-
ically regulates a ventilation speed according to a fume
density. A device for detecting the fume density is a pho-
toelectric detection unit installed at the range hood. The
photoelectric detection unit includes a light emitter and
a photoelectric detector, and a space exists between the
light emitter and the photoelectric detector. The fume
from the surrounding environment may enter the space
and can be detected by the photoelectric detection unit.
A disadvantage of such a design is that an emission
source of the light emitter and a receiving source of the
photoelectric detector must be kept clean enough; oth-
erwise, the sensitivity and feedback accuracy of the de-
tection may be severely affected. It is inevitable that a
large amount of fume is generated in an environment
where the range hood is used. After long periods of use,
it is hard to keep the range hood sufficiently clean.
[0004] Another technology used for detecting a fume
density employs ultrasonic waves. Ultrasonic technology
has advanced rapidly in recent years. An acoustic signal
of the ultrasonic wave responds well to fume. Therefore,
the application of ultrasonic technology to fume detection
may improve the efficiency of range hoods and improve
the user friendliness substantially. In U.S. Patent Appli-
cations US 5,074,281 and US 6,324,889 B 1 technical
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solutions for detecting a fume density by using ultrasonic
waves are disclosed. However, during operation of the
range hood, due to influences of a variety of factors such
as environmental temperature and environmental humid-
ity at a circuit board, an ultrasonic sensor and an ultra-
sonic signal, a signal received by the ultrasonic sensor
may become too great or too small. It is then hard to
determine an influence of the fume on the ultrasonic sig-
nal, which can affect the accuracy of the ultrasonic fume
detection.

SUMMARY OF THE INVENTION

[0005] The present invention is directed to a control
system for a range hood, in particular for an automatic
fume detection device of a range hood, which is easy to
install.

[0006] The present invention is further directed to a
control method for a range hood having an automatic
fume detection device, so as to improve an accuracy of
a fume detection.

[0007] Accordingly, a control system for a range hood
having an automatic fume detection device according to
an embodiment of the present invention includes a main
control module for controlling an operation of the range
hood, a key display module, and an ultrasonic module
for controlling the automatic fume detection device. The
ultrasonic module is structurally independent or inde-
pendent in structure from the main control module. The
ultrasonic module is connected to the main control mod-
ule through a power line and a data line. The ultrasonic
module is structurally independent or independent in
structure from the key display module. The ultrasonic
module is connected to the key display module through
a data line.

[0008] As a further improvement of the present inven-
tion, the key display module is structurally independent
orindependent in structure from the main control module,
and the key display module is connected to the main
control module through a power line and a data line.
[0009] As a further improvement of the present inven-
tion, the main control module, the ultrasonic module, and
the key display module are connected through the data
lines and exchange information through a D-BUS Il com-
munication protocol.

[0010] As a further improvement of the present inven-
tion, the ultrasonic module includes a Micro Control Unit
(MCU), an oscillator, a first amplifier, a shaping circuit,
an ultrasonic sensor, a first switch, a second amplifier, a
band-pass filter, a peak detection circuit, and a second
switch connected in sequence.

[0011] As a further improvement of the present inven-
tion, the second amplifier is an amplifier having an ad-
justable amplification factor.

[0012] As a further improvement of the present inven-
tion, the MCU is capable or adapted to send or transmit
an Enable instruction to the oscillator, an ON/OFF in-
struction to the first switch and/or the second switch, and
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to send an amplification factor adjustment instruction to
the second amplifier.

[0013] Accordingly, in a control method for operating
a control system of a range hood having an automatic
fume detection device according to an embodiment of
the present invention, a control process of the ultrasonic
module includes the following steps:

a) Enabling the oscillator, and maintaining both the
first switch and the second switch in an OFF state.

b) The oscillator sends an excitation signal; the first
amplifier amplifies and generates an excitation sig-
nal. Both the first switch and the second switch are
maintained in the OFF state.

¢) Waiting for an ultrasonic feedback signal, and
maintaining both the first switch and the second
switch in the OFF state.

d) Turning on the first switch, and receiving a feed-
back signal. The second amplifier amplifies the feed-
back signal. The second switch is maintained in the
OFF state.

e) Turning on the second switch to start analog-to-
digital (AD) sampling, and maintaining the first switch
and the second switch in an ON state.

[0014] The control method for the control system of
the range hood having the automatic fume detection de-
vice may further include the following step: calculating a
fan speed according to AD sampling data, and maintain-
ing both the first switch and the second switch in the OFF
state.

[0015] Accordingly, in a control method for a control
system of a range hood having an automatic fume de-
tection device according to an embodiment of the present
invention, a control process of the ultrasonic module in-
cludes the following steps:

a) Presetting ultrasonic signal threshold values Vy s x
and Vyy in the MCU.

b) Performing signal sampling and obtaining a mean
sampled value Vyeanvalve-

c) Comparing the mean sampled value Vyganvalue
with the ultrasonic signal threshold values Vy;px and
Vumins @nd adjusting the amplification factor of the
second amplifier according to a comparison result.

[0016] As a further improvement of the present inven-
tion, the step of adjusting the amplification factor of the
second amplifier includes the following steps:

c1) If the mean sampled value Vyeanvaiue > Vmaxs
decreasing the amplification factor of the second am-
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plifier until Vieanvaiue < Vmax-

c2) If the mean sampled value Vyeanvaiwe < Vmins
increasing the amplification factor of the second am-
plifier until Viyeanvaive > VMIN-

[0017] The ultrasonic module is, for example, imple-
mented to execute a control method described above.
[0018] Beneficial effects of embodiments of the
present invention are as follows. First, the ultrasonic
module is independent of the main control module, so
that the ultrasonic module may be freely installed on any
proper position at or on the range hood, which not only
makes full use of space but also makes it convenient for
the design of the entire system. Second, by turning
ON/OFF the two switches of the ultrasonic module in
sequence, an OFF noise input of the switches during
amplification of a small signal is effectively prevented.
Third, by adjusting the amplification factor of the second
amplifier, the mean sampled value Vg nvaie falls in a
reasonable interval, thereby ensuring that the ultrasonic
signal is capable of accurately reflecting influences of the
fume.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a schematic structural view of an embodi-
ment of a range hood;

FIG. 2 is a schematic view of an embodiment of a
control system for a range hood;

FIG. 3 is a detailed schematic structural view of an
ultrasonic module shown in FIG. 2;

FIG. 4 is a schematic view of a flow chart for a proc-
ess in a control system for a range hood;

FIG. 5is a schematic view of a flow chart for a control
process for an ultrasonic module shown in FIG. 2;

FIG. 6ais a schematic view of a distribution of sample
values of an ultrasonic signal when a range hood is
started and no fume exists;

FIG. 6bis aschematic view of a distribution of sample
values of an ultrasonic signal when a range hood is
started and fume exists;

FIG. 7a is a schematic view of a distribution of mean
values of sampled signals corresponding to FIG. 6a;
and

FIG. 7b is a schematic view of a distribution of mean
values of sampled signals corresponding to FIG. 6b.
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DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] Referring to FIG. 1, a range hood 1 according
to an embodiment of the present invention includes a
hood body 10 and a volute 11 installed in the hood body
10. A fan driven by an electric motor is installed in the
volute 11. When the fan rotates, the fan carries the fume
away. The structure and working principle of the range
hood 1 are the same as range hoods commonly used in
the market, the detailed description of which is omitted
here. A first filter device 12 is disposed at an opening of
the hood body 10 towards a fume source. In this embod-
iment, the first filter device 12 is a grid-shaped metal filter
mesh. Through a gap arrangement of the metal filter
mesh, a part of the grease in the outside fume is filtered
when the fume passes through the filter mesh. However,
the metal filter mesh is incapable of completely filtering
all the grease and other odorous impurities in the fume.
An ultrasonic sensor arrangement is installed in an inter-
nal space of the hood body 10, and is located behind the
first filter device 12. Here, "behind" means that the out-
side fume has to pass through the first filter device 12
before reaching the ultrasonic sensor. The ultrasonic
sensor arrangement includes a signal generator 14 and
a signal feedback device 15. In this embodiment, the sig-
nal generator 14 and the signal feedback device 15 are
installed at two opposite side walls in the inner space of
the hood body 10. In this manner, a space passage for
the fume is formed for passing between the signal gen-
erator 14 and the signal feedback device 15. An ultra-
sonic signal is emitted by the signal generator 14 and fed
back by the signal feedback device 15 through the space
passage, thereby one obtains an interference state of
the ultrasonic signal passing through the space passage,
and one may determine the density of the fume passing
through the space passage. An embodiment of a method
for determining the fume density is described in detail in
the following. A second filter device 13 is disposed be-
tween the volute 11 and the ultrasonic sensor arrange-
ment. In this embodiment, the second filter device 13 is
a fine filter mesh comprising a carbon (such as active
carbon) material. Since the grid-shaped gap of the first
filter device 12 is larger and does not completely filter the
impurities in the fume, the arrangement of the second
filter device 13 may further filter the fume to make the
fume sufficiently clean to be discharged to an external
environment. It should be noted that, in other embodi-
ments of the present invention, the second filter device
13 can be mandatory. Preferably, the ultrasonic sensor
arrangement of the present embodiment should not be
installed behind the second filter device 13, so as to avoid
that the density of the fume passing through the ultrasonic
sensor arrangement is too low to be detected.

[0021] Referringto FIG. 2, a control system for arange
hood according to an embodiment of the present inven-
tion includes a main control module 2, an ultrasonic mod-
ule 3, a key display module 4, a fan motor 5, a light 6,
and an external power line 7. The main control module
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2 acts as a control center of the range hood, and includes
a circuit board having a control chip. An installation po-
sition of the main control module 2 may be any proper
position in or at the hood body 10 such as the position
behind the key display module 4. Driven by the external
power 7, the main control module 2 receives instruction
signals from the ultrasonic module 3 and the key display
module 4, and correspondingly sends instruction signals
to the ultrasonic module 3, the key display module 4, the
fan motor 5 and the light 6. The ultrasonic module 3 is
an independent module, and a specific architecture
thereof is shown in FIG. 3, which will be described in
detail in the following. The ultrasonic module 3 and the
main control module 2 may be connected through a pow-
er line and a data line, and exchange information through
a D-BUS Il communication protocol. Such a design en-
ables the ultrasonic module 3 to be independent of the
main control module 2 and capable of being freely in-
stalled at any proper position of the range hood. For ex-
ample, the ultrasonic module 3 may be installed close to
the ultrasonic sensor arrangement, which allows for an
efficient use of the space, and also facilitates the design
of the entire system (if the ultrasonic module 3 is inte-
grated in the main control module 2, the size of an entire
control unit may be too large to be placed at a proper
position for installation). The key display module 4 may
be connected to the main control module 2 through a
power line and a data line, and can be connected to the
ultrasonic module 3 through a data line, and exchange
information through the D-BUS Il communication proto-
col. The key display module 4 receives a key instruction
input from an operator and sends information to the main
control module 2 according to the key instruction, so as
to control the operation of the range hood. The key dis-
play module 4 may also send information to the ultrasonic
module 3 to control the operation of the ultrasonic mod-
ule. Similarly, the key display module 4 may also display
control instructions sent by the main control module 2
and the ultrasonic module 3 or display working state in-
formation of the range hood, so that the operator obtains
information on a working state of the range hood. The
fan motor 5 and the light 6, respectively, receive the in-
structions from the main control module 2 in a unidirec-
tional fashion for implementing a start/stop/speed-shift
of the motor 5, or on/off of the light 6.

[0022] Referring to FIG 2, the control system for or the
method for controlling the range hood of the present in-
vention may include seven steps comprising Step S 1 to
Step S7 in total. After the seven steps, the ultrasonic
module of the range hood stays in a normal working state.
[0023] Referring to FIG 3, the ultrasonic module 3 in-
cludes an MCU 30, an oscillator 31, a first amplifier 32,
a shaping circuit 33, an ultrasonic sensor arrangement
34, a first switch 35, a second amplifier 36, a band-pass
filter 37, a peak detection circuit 38, and a second switch
39. A working principle of the ultrasonic module 3 is that
the MCU 30 controls and enables an oscillation frequen-
cy of the oscillator 31, a state of the first switch 35 and
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the second switch 39, and an amplification factor of the
second amplifier 36. The oscillator 31 is capable of gen-
erating a signal of a certain frequency. The first amplifier
32 amplifies an output signal of the oscillator 31 to a cer-
tain amplitude. The shaping circuit 33 shapes the output
signal of the first amplifier 32 and outputs the shaped
signal to the ultrasonic sensor arrangement 34. The ul-
trasonic sensor arrangement 34 receives an excitation
signal output by the shaping circuit 33, sends an acoustic
signal and receives a feedback signal. The second am-
plifier 39 amplifies the feedback signal. The band-pass
filter 37 filters the amplified feedback signal. The peak
detection circuit 38 extracts a peak voltage from an al-
ternating current (AC) feedback signal and outputs the
voltage peak to the MCU 30 for AD sampling.

[0024] A device implementing and/or a method for op-
erating the ultrasonic module 3 of the present invention
may have the following features. In structure, two switch-
es are disposed, namely the first switch 35 and the sec-
ond switch 39. In the respective process or method, re-
ferring to FIG 5, the two switches are turned ON/OFF in
sequence, therefore effectively reducing an OFF noise
input during an amplification process of a small signal.
The detailed operation is described as follows.

[0025] In Step S30, the oscillator 31 is enabled; the
first switch 35 and the second switch 39 are both main-
tained in an OFF state.

[0026] In Step S31, an excitation signal is sent by the
oscillator 31; the first amplifier 32 amplifies and sends
the excitation signal; and the first switch 35; and the sec-
ond switch 39 are both maintained in their OFF state.
[0027] In Step S32, it is waited for an ultrasonic feed-
back signal, and the first switch 35 and the second switch
39 are both maintained in the OFF state.

[0028] In Step S33, the first switch 35 is turned on; a
feedback signal is received; the second amplifier 36 am-
plifies the feedback signal; and the second switch 39 is
maintained in the OFF state.

[0029] In Step S34, the second switch 39 is turned on
to start AD sampling, and the first switch 35 and the sec-
ond switch 39 are both maintained in an ON state.
[0030] In Step S35, during an idle time, a fan speed is
calculated as a function of the sampled data, and the first
switch 35 and the second switch 39 are both maintained
in the OFF state.

[0031] An ultrasonic system is affected by many fac-
tors such as environmental temperature, environmental
humidity and fume. These factors may affect the circuit
board, the ultrasonic sensors and the ultrasonic signal,
so that the received ultrasonic feedback signal changes.
For example, when the environmental temperature and
the environmental humidity change rapidly, the ultrasonic
signal may become too great ortoo small. As an example,
rapid changes of the environmental temperature and the
environmental humidity can result in a great value of the
ultrasonic signal in a fumeless situation, which may
cause a problem, i.e. the amplitude of the ultrasonic sig-
nalis too great, and when the fume exists, many sampled
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ultrasonic signals are saturation values. A mean value
of the ultrasonic signals is great and a fluctuation interval
of the mean value is small, and therefore, it is difficult for
the system to determine whether fume exists. In another
example, the rapid changes of the environmental tem-
perature and the environmental humidity can result in a
small value of the ultrasonic signalin afumeless situation,
which may cause another problem, i.e. the amplitude of
the ultrasonic signal is too small, and the ultrasonic signal
fluctuates in a small range no matter fume exists or not.
Therefore, it is also difficult for the system to determine
whether fume exists.

[0032] Inview of the above problems, according to an-
other feature of the ultrasonic module 3, the second am-
plifier 36 is an amplifier having an adjustable amplification
factor. The amplification factor can be controlled through
the MCU 30. Such structure in combination with an ap-
propriate system software is capable of solving the prob-
lem that the rapid or violent changes of the environmental
temperature and the environmental humidity affect the
ultrasonic signal. Ultrasonic signal threshold values Vyax
and V), y are preset in the MCU 30, and the ampilification
factor of the second amplifier 36 is adjusted as a function
of the sampled actual ultrasonic signals.

[0033] When the mean sampled value Vyganvaiue >
Vuax the amplification factor of the second amplifier 36
is decreased until Vyeanvaiue < Vmax-

[0034] When the mean sampled value Vyeanvaiue <
Vuins the amplification factor of the second ampilifier 36
is increased until Vyganvaiue > Vmin-

[0035] In this manner, the mean sampled value
VMeanvalue falls in areasonable interval, thereby ensuring
that the ultrasonic signal is capable of accurately
reflecting an influence of the fume.

[0036] ReferringtoFIG.6atoFIG. 7b, the working prin-
ciple of embodiments of the range hood having the au-
tomatic fume detection device and the control method
thereof are described in the following.

[0037] An ultrasonic signal is affected by many factors
such as environmental temperature, environmental hu-
midity and fume. However, if the ultrasonic sensor is dis-
posed inside the hood body of the range hood, as shown
in FIG. 1, the influence of the factors such as environ-
mental temperature and environmental humidity on the
ultrasonic signal is relatively uniform. FIG. 6a shows a
distribution state of sampled values of an ultrasonic sig-
nal at a certain fan speed. It can be seen from FIG. 6a
that the distribution of the sampled values of the ultra-
sonic signal is relatively uniform. Definitely, the fan speed
also influences the sampled values. Generally speaking,
the greater the fan speed is, the greater is the discrete-
ness of the sampled values.

[0038] FIG. 6b shows the influence of the fume on the
sampled signals at the same fan speed. Before the fume
appears, the sampled values of the ultrasonic signal are
relatively concentrated, and the values are relatively
great. After the fume appears, the sampled values of the
ultrasonic signal fluctuate in a relatively great range, and



9 EP 2 420 741 A2 10

the sampled values tend to be low. After the fume disap-
pears, the sampled values of the ultrasonic signal return
to the relatively great values and fluctuate in a small
range.

[0039] Mean values of the sampled signals are calcu-
lated in a certain period, and graphs of the mean values
shown in FIG. 7a and FIG. 7b are obtained according to
the signals of FIG. 6a and FIG. 6b respectively. Compar-
ing FIG. 7a and FIG. 7b, it can be seen that the influence
of the fume on the mean values of the sampled ultrasonic
signal leads to a change in the distribution, that is, when
no fume exists, the signal curve is relatively smooth and
stable; after the fume is generated, since the fume weak-
ens the ultrasonic signal, the amplitude of the curve de-
creases. Moreover, due to an inhomogeneity of the fume,
the signal jumps rapidly, which is reflected by an up-and-
down oscillation in the signal curve. Therefore, embodi-
ments of the present invention comprise two approaches
for determining the density of the fume as a function of
a change of amplitude of the mean value.

[0040] According to a first aspect, different threshold
mean values are set for different fan speeds. When the
mean value of the sampled ultrasonic signal is lower than
a pre-set threshold value, it is determined that the fan
speed needs to be increased. When the mean value of
the sampled ultrasonic signal is higher than a pre-set
threshold value, itis determined that the fan speed needs
tobe decreased. Forexample, threshold values Vspeed1
and Vspeed? are respectively set for fan speeds Speed1
and Speed2. Vyeanvalue IS @ mean value of sampled sig-
nals in a period between T1 and T2. When the sampled
value Vyaanvaiue < Vspeed1, the fan speed is increased
from tap position 1 to tap position 2. When the sampled
value Vyeanvaie > Vspeed2, the fan speed is decreased
from tap position 2 to tap position 1.

[0041] According to a second aspect, different mean
value fluctuation ranges are pre-set for different fan
speeds, and the mean values that exceed the pre-set
range are counted over a certain period. A pre-set count
threshold value is changed for different fan speeds, so
as to determine a change of the fan speed. For example,
different fluctuation range criteria are set for different fan
speeds: Speed1 corresponds to an interval (Vgpeeq1mins
Vspeedimax): @nd Speed2 corresponds to an interval
(Vspeed2min’ VspeedZmax)- VMeanVaIue is a mean value of
the sampled signals in a period between T1 and T2. At
Speed1, if Vyeanvalue Of the sampled ultrasonic signals
in the period between T1 and T2 exceeds (Vgpgedmin:
Vspeedmax) bY @ number of counted values larger than a
pre-set criterion C,,,., it is regarded that the fume is rel-
atively thick, and the fan speed is increased from tap
position 1 to tap position 2. At Speed?2, if Vi eanvaiue ©f
the sampled ultrasonic signals in the period between T1
and T2 exceeds (Vgpeedmins Vspeedmax) PY @ number of
counted values smaller than a pre-set criterion C, ., itis
regarded thatthe fumeisrelatively thin, and the fan speed
is decreased from tap position 2 to tap position 1.
[0042] Anadvantage of the first aspect and the second
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aspect is that valid information of the influence of the
fume on the ultrasonic signal is fully extracted using a
smart algorithm. The two methods may be embodied in-
dependently or may be combined according to the spe-
cific design of the range hood, thereby allowing an auto-
matic change of the fan speed of the range hood accord-
ing to the fume state.

[0043] Preferred embodiments of the present inven-
tion are described above. It should be noted that, based
on the disclosure of the embodiments, adaptive modifi-
cations may be made by persons with ordinary skills in
the art without any creative work. These reasonable mod-
ifications shall fall within the protection scope of the
present invention.

Claims

1. A control system for range hood (1) having an auto-
matic fume detection device, the control system
comprising:

a main control module (2) for controlling an op-
eration of the range hood (1),

a key display module (4), and

an ultrasonic module (3) for controlling the au-
tomatic fume detection device,

wherein the ultrasonic module (3) is structurally
independent from the main control module (2),
and the ultrasonic module (3) is connected to
the main control module (2) through a power line
and a data line; and

wherein the ultrasonic module (3) is structurally
independent from the key display module (4),
and the ultrasonic module (3) is connected to
the key display module (4) through a data line.

2. The control system according to claim 1, character-
ized in that the key display module (4) is structurally
independent from the main control module (2), and
the key display module (4) is connected to the main
control module (2) through a power line and a data
line.

3. The control system according to claim 1 or 2, char-
acterized in that the main control module (2), the
ultrasonic module (3), and the key display module
(4) are connected through the data lines and ex-
change information through a D-BUS || communica-
tion protocol.

4. The control system according to any one of claims
1 - 3, characterized in that the ultrasonic module
(3) comprises a Micro Control Unit (30), an oscillator
(31), a first amplifier (32), a shaping circuit (33), an
ultrasonic sensor (34), a first switch (35), a second
amplifier (36), a band-pass filter (37), a peak detec-
tion circuit (38), and a second switch (39) connected
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in sequence.

The control system according to claim 4, character-
ized in that the second amplifier (36) is an amplifier
having an adjustable amplification factor.

The control system according to claim 5 or 6, char-
acterized in that the Micro Control Unit (30) is
adapted to transmit an Enable instruction to the os-
cillator (31), an ON/OFF instruction to the first switch
(35) and/or the second switch (39), and to send an
amplification factor adjustmentinstruction to the sec-
ond amplifier (36).

A control method for operating the control system
accordingto any one of claims 4 - 6, wherein a control
process for the ultrasonic module (3) comprises:

a) enabling the oscillator (31), and maintaining
both the first switch (35) and the second switch
(39) in an OFF state;

b) generating an excitation signal with the oscil-
lator (31), amplifying the excitation signal by the
first amplifier (32), and maintaining both the first
switch (35) and the second switch (39) in the
OFF state;

¢) waiting for an ultrasonic feedback signal, and
maintaining both the first switch (35) and the
second switch (39) in the OFF state;

d) turning on the first switch (35), receiving a
feedback signal, amplifying the feedback signal
by the second amplifier (36), and maintaining
the second switch (39) in the OFF state; and
e) turning on the second switch (39) to start an-
alog-to-digital sampling for obtaining AD sam-
pling data, and maintaining the first switch (35)
and the second switch (39) in an ON state.

The control method according to claim 7, further
comprising: calculating a fan speed as a function of
the AD sampling data, and maintaining the first
switch (35) and the second switch (39) in the OFF
state.

A control method for operating the control system
according to claim 5 or 6, wherein a control process
of the ultrasonic module (3) comprises:

a) presetting ultrasonic signal threshold values
Vumax and Vyy in the Micro Control Unit;

b) performing signal sampling for obtaining a
mean sampled value Vyeanvaiue; @and

c) comparing the mean sampled value
VMeanvalue With the ultrasonic signal threshold
values Vyax and VN, and adjusting the
amplification factor of the second amplifier (36)
according to a comparison result.
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10. The control method according to claim 9, charac-

terized in that adjusting the amplification factor of
the second amplifier comprises:

c1) if the mean sampled value Vyeanvawe >
Vuax decreasing the amplification factor of the
second amplifier (36) until Viyeanvaive < VMaX:
and

c2) if the mean sampled value Vyeanvawe <
Vuins increasing the amplification factor of the
second amplifier (36) until Vyeanvaiue > VMIN-
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